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Am 
Jason Kelley - RE: White Tanks Report 

From: "Joe Riumann - FCDX" <jmr@rnail.maricopa.gov> 
To: "Jason Kelley" <jkeliey@kirkham.comr 
Date: 3/9/2005 1:04 PM 
Subject: RE: White Tanks Report 
CC: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 

. ....., " ,... ,.,.. ,, . . .., . ..,..,..,.. ,., .. ..,.. .~ . 

Jason: 

the report is the FRZR Basin Outlet Channel Design Report, dated Ol/10/05 by Stantec. the Q from that report 
calculated 2722 cfs at Olive Rd. and 5563 ds at Northern. These are the flows we should be using. If you have 
any questions please let me know thanks. 

joe 

----Original Message----- , 
From: Jason Kelley [maiito:jkelley@kirkham.com] 
Sent: Wednesday, March 09,2005 12:41 PM 
~ o : ' J o e  Rurnann - FCDX 
Subject: White Tanks Report 

A Joe, 
What is the name of the report documenting the updated hydrology for the WhiteTanks? 

Yc. 

Also, were we solid that the only change to the design Q's for our North Inlet Channel project was at  
Oiive (2722 cfs instead of 2655 ds). 

Jason 

Jason K. Kelley, P.E. 
Kirkham Michael &Associates, Inc. 
9201 North 25th Avenue, Suite 195 
Phoenix, Arizona 85021 

phone: (602) 944-6564 
fax: (602) 944-6592 
w.kirkham.com 



....................................... :* . , I".".*".,..*.......*...*.+~.+..~~**.... . 
, .. . PE~K  a ~ + ~ h i ~ >  mz 

nwn X Y O R O G ~ H  PACKAGE IEC-11 + O.S. ARXY COWS OF ENGmEB-5 
JUN 1998 . S<-&2L[- <rri E C a a 5  EYTROLOGIC WGTMERING CENTER ' 

YERSrON 4 . 1  609 SECONO STREET + ~YD,UGR.Q%I~ o%f l )db  f%l : DRYTS, CALIFORNIA 95616 
RUN WE 0 7 m 0 5  TTNE 15:10:38 . 19161 756-1104 . .........*,.... i... ......... **.: ......................................... 

THIS P R O G W  REPLRCZS U L  ?RWIOUS YPRSIONS OF BEC-1 XNLlWN AS HECl Im 731. KEClGJ, XEClDB,, AND HECIXW. 

TXE DEFINITIONS OF VARIABLES -RTYLP- AND -RTIOR- K9YE C-GED F&OM THOSE USED MITE THE 1973-STYLE TNPUT STROCTIIRE. 
TaE DEFINITION 02' -Mq- 6~ WR4 CBRNGED WITH REYISIONJ DATEO 28 SEP 81. T B I S  I S  TXE FORTRAN71 VERSION 
N E W  OPTIONS: OUTELOl SWNERGENCE , SINGLE RiENT RAVAGE CXLC-TION, DSS:WRTTE STAG?? ERZQnNCY, 
DSS:- TINE SERTES AT DESIRED CALCWATION INTER- LO85 IUTE:GREEN .UlZ M P T  lNFl l?Rl iT lON 
KTNENRTIC WAVE: N E W  FINITE DIFEZRENCE XLGORITXM 

BEC-I INPUT PAGS I 

LINE 

TD FRZR nasin ourlet channel 
10 For the Flood Control District of Harlcopa County, FCO 2002C009 
ID 
ID stantec conrvlting mc. 
In Proj No. 182000313 
I D  Fils: Prl00-24.dat 
ID ~ a c s :  01/05/05 mcg istantecl 
I D  
I D  Ths existing embankment far the *-an?. partzon of "sicken Dam 1s removed. 
I D  The existlng.oonaeyance channel rs regraded to function as a detention baain. 
I D  The basin outfalls to Waterfall Wash ultimately e n a n g  up in fhe Whrte Tanks 
I D  FRS No. 3. New peak discharges at Olive Avenue and Northern Avenue due to the 
ID additional contributing area tiam the FRZR project are computed for the 
I D  100-year 24-hour storm event 
7n 

ID 
ID Oivsrnion a t  Olive Avenue ID31 updated bared on current design Of side we%= 
ID structure by Rlrkhnm Michael. North Inlet Chamel diversion ISIDEWR) returned 
I D  With remainder of flows from Aaterfall Wash and Cholla Wash ICPIOBI. FRSI3 
ID Channel routing (RCPlOBI added to reflect proposed design 
I D  
ID Reference correction to original W Z 8  Baain lxltlee Channel xEC-1 Nodal: 
ID Changed notation tron "Laop303/White Tanks MNP Update model L90M21.W" to 
10 determine a preliminary estrmate of Lhe diversion a t  Olive xwenue. 
ID 
ID miniall: 100-yearr 2~-hour paint rainfall = 4.03 inches 
ID ~ainfail ~osres: ~reen and -PC miniall Losses 
ID Unit Hydrograph: Phoenix Va.1l.y and Desert/Rangeland $-Graphs 

Warerrall m s h  - inpnt paraneterr taken from Laop303/WNte Tanks Anne u p d a t e  . model L303NIL.ORT 
5C-1 INPUT PAGE 2 



LINE 

93 
94 

KK 1 BASIN 
W Subbasin 1 
W 
W  he phoenix Valley S-Graph is vsed for thls baom. 
W L P 3.50 mi. Ica * 1.5 ml. S = 527.2 fWmi Xn * 0.050 
W Laq 1 40.7 min 
W 
BA 1.940 

XH RmOEF RYDROGPAPX FROM SUB-BASIN 2. 
BR 1.82 
LG .16 .35 4.55 .37 12.00 
UI 115. 115. 259. 443. 557. 
UI 1418. 1145. 985. 864. 735. 
1 189. 1 4 .  115. 102. 35. 
UI 35. 0. 0. 0 0. 
UI 0. 0. 0. 0. 0. 

KK M)-l BASIN 
W SUbhnsin m - 1  
m 

The DerertIRangeland S-Graph Is used for U s  basin. 
W I -  1 2 6 1  mi. Lca - 0.39 m i .  S - 87.3 ? t / m i  Xn = 0.030 
!a Lag = 13.1 min 
W 
BA 0.377 
IG 0 1 5  0 3 8  5.62 0 1 8  0 

193 712 895 551 286 142 75 28 24 0 
OI 0 0 0 0 0 0 0 0 a 0 
UI 0 0 0 0 0 0 0 0 0 0 

XI( m - 1 0  
m Outflow from the aegenented p o r t i o r  o i  ,,clUc*en Dan 
El Law level o u t l e t  i s  a 36" rcp 
BS 1 RiOW -1 
SV 0 2.0 12.9 31.8 43.2 
JE 3 1346 1318 1350 1351 

XEC-1 I N P ~  

ID... .... 1.......2.......3.......4.......5.......8.......7.......8.......9......10 
SQ 0 10 30 50 70 80 
SE 1343.5 1344.9 1316.5 1317.9 1350.13 1352.55 

KX CP2 
W Combrne routsd hydrogr~ph from the new basin with -off from waterfall Wash 
BC 3 

KK RCPZ 
XN ROUTE C W T N E D  UYDXOGRRPHS AT CPZ TO CP3 
RS 2 -1 0 
RC .O6 ,035 .06 4500 .0111 
RY 1000 1100 1350 1705 1135 1780 1850 2000 - 
RY 1304 1302 1302 1298 1298 1303 1302 1305 

~eardsley canal  ash - input parameters taken from ~oop3031white ~ a n k s  -P 
update nodel 1303MlL.DAT 



116 XK RCP3A 
117 BX ROUTE 5101f FRCM CPSR TO CP3 
118 RS 2 -1 0 
119 RC .03 .03 .05 5300 .0060 
120 RX 1000 1023 I032 1046 1058 1067 I250 1540 
121 RY 1289 1288 1286 1284 1284 1286 1288 1291 

. 
1 ,BEG-1 INPUT PAGE 4 

....... LINE ID.: ..... 1 2.......3.......4.......5.......6.......1........8.......9...... 10 

128 XK TlCP3 
129 iGi RDD KYDROGRRPHS AT 11CP3 
130 EC 2 1.1 

131 m CP3 . .  
132 KO 2 
133 nt i s 0  ~ X D X O G ~ H S  AT CP3. 
134 KC 2 1.86 

* PER URS E'LWOPWN IWALYSIS 8Y MIKE R. 
TDKN OFF O W R T  PER CULVERT INPROYENENT BY 'SONOPAN R T E E  RERLESTATE' 

'ALSO BY DIRECTION OF MTKE DUNCZN AT FCDHC PER XIS PXONE COWGRSXTION . WITH S O N O W  RIOGE ON 2-I<-02. 
PER PEONE CONVERSATION WITH SCONC - PROPOSED 2-101X6' BOX NLVERTS WERE . BACKFILLED ON 11-01-02. T E R E  IS U S 0  RN EXISTING 7 '  CW RND 1W 8 '  M P  

+ A T  TXIS LDOLTTON' 
: 

+ ORIGINIII DIVERT DATA CONNENTED our 

* m DIYERT nows TKRT WILL OVERTOP THE B-$LEY amr AT OLIVE AVEN~~: TXE 
m MC-2 DIVERSION RATING m m  MODELED BY THE nwo cornnor, orsmrm 1s 

... 
m INCOWORRTEO BERE. 
FOLLOWIN0 DIVERT DATA PROVIDED BY PCWC ON 5-14-03 

'THIS INFDRMRTTON IS -ED ON ThE ClilVEIlT STROCT- CONSTIlUCTED PER TXE {I' : 

i: ;,,. ....... SONO- RlajE DEVELOP-, SEE '502001035' AND '502002033' 
: Y,:... 'I DT Dl189 .... 

f DT . 0 1432 2823 3000 4000 
DQ 0 0 622 728 1128 

135 XX 0; 
136 m NORTH INLET CHANNEL SIDE WEIR DIVERSION BY a OX 1/06/05 AT OLIVE ANEW 

HN IraOHHEC-IVLS1 
SI&WR 

137 
138 DT SIDEWR DTW6 
139 01 600 800 1000 1200 1400 1600 2000 2200 2 P O O  2722 

140 105 183 361 498 640 792 1100 1274 3 7  1626 

t 

Cholla Wash - input parameters taken from ioopJO3/White Tank8 liDNP Updata 
model 1343N1L.DRT 

1 '. mc-1 1NPm PAGE 5 

LINE 10 ....... 1 ....... 10 

117 , Kx. 4 
148 KN RUNOF* RYDR2G-H FoRN S W - W I N  4 .  

154 XX 5 
155 iGi RUNOFF ~ R f f i R A P K  FROM S U B - W I N  5. 
156 81\ .72 
157 LG .20 . 3 5  1.30 .45  9.00 

7 109. 133. 553. 981. 1241. 852. 594. 323. 177. 104. 
33. 39. 31. 0. I) 0 .  0 0 .  0. 0. 
0. 0. 0. 0. 0. 0. 0. 0. 0. 0. 



153 XC 2 1 02 

164 KK RCPS 
165 &?, ROUTE C W I N E D  RXDRQGPAPIIS AT CP5 TO CP6. 

179 XX RCP6 
180 IM ROUTE C W T N E D  WDXffiWHS AT CP6 TO CPl. 
181 RS 1 -1 0 
102 RC .08 -05  .OO 2400 .0833 
183 RX 955 910 985 1000 1020 1035 1050 1065 
184 RY 2815 2810 2805 2800 2800 2805 2810 2815 

1 HEC-I INPUT FRGE 6 

...... ....... LTM: ID. 1 2.......3.......1.......5.......6.......7.......8.....'..9...... 10 

194  KK RCP7 
195 IM . ROUTE C W T N E D  W D R O G W K S  AT CP? TO CP9. 

210 KK 8 
211 .. RWOFF IIYORCGRRPK, mW SUB-WIN 8. 
212 BA .81 
213 rS, .20 .35 3.65 5 10.00 
214 01 1 0 3 .  4 .  536. 704.  1058: -1138. 821. 608. 420. 207. 

... 215 UT 147. 95. 31. 31. 31. 0. 0. 0 .  0 .  0. 

21.6 01 a .  0. 0. 0. 0. 0. . a. 0. 0 .  0. 

1 HEC-1 IWPW PAGE 7 

....... ....... I- 10 1 2.......3.......4.......5.......6.......7.......8.......9...... 10 



1 

TKeUT 
LINE 

NO. 

239 KK CPlO 
240 W ADD BYOROGIVLPBS AT CPlO (AT NORTHERN AVENVEl 
241 HC 2 1 0  87 ............................................................................... 

* o r i g i n a l  d i v e r n o n s  left i n  but  commented out Lor cnmparlaon w i t h  ms . loop303/wtllt.e T-1s RDHP VpdaCe mdel 1303Hll DRT 

' m 1010 
' W PER UR-C E'LUoOPLAIN S T n Y  B r  M I K E  R. 1WD BOB D. ON 2-14-02 
' DTIDII55 
' DI 0 6483 9725  : W 0 951 1 4 7 5  

' m 2010 
* W F M W  TO WBTTE TANKS )3 IIM)ER NORTHERN A M .  THE HEC-2 DTYERSION FATILUG 
+ w C ~ W E  MODELED BY TXE FLOOD co~l.xor. orsmrcr rs INCQRPOHRTED HERE. 

242 w mows omnrso  ~ t l ~ l r  SIDEWEIR AT OLIVE H E T ~ W E D   ST SOUTH OF NORTHERN AM 
E%C-1 INPUT PAGE 8 

243 KK NIC 
244 08 SIDEWR 

245 KK CPlOB 
246 Fa AOD KYDXffiRRPbS AT CPlOB ( W D W E L Y  DOWNZTRWLN OF NORTHERN RVWmEl 
241 HC 2 10.87 

248 KK RCPIOB 
219 W R O P E  AT CPlOB TO CPlZ (PWBRBLE DESICN OF TEE =St3 W L I  
250 RS 1 -1 0 
251 RC .06 ,032 .05 3866 , 0 0 4 4  
252 RX 950 1 0 0 0  1015  1 1 0 9 3  1 1 2 1  1 1 3 6  1186 
253 RY 1 2 3 0  1 2 2 5  1224  1210 1 2 1 0  1 2 2 4  I225 1 2 3 0  

263 m C P l 2  
264 W ADO IFmRff iWLIS AT CP12.  
261 HC 2 12.25 

266 ZZ 

SCXENATIC DmGW OF ST- NETWORX 

IV1 ROUTING (--->) D m R S I O N  OR P W  ZIOW 

1 . 1  CONNECTOR I<---) RE- OF OTYERTED OR PWED now 

1 
V ' .  
V 

RCPl 



. . 
CPS ............ 
V 

........ 

SIDEWR 
NIC, 



263 CPIZ ............. 
("'1 RUNOFF -50 COHPUTED AT THIS IC'XTTON ".~".....,','..+*.......~~...**...+. 

+ RUN DaTE 0 7 m 0 5  TIhT I5:10:3B ' 

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

r 0 . 5 .  ma mms OF ENGINEERS * 
m R O L O G l c  EENCTNEERING CENTER * 

609 SECOM1 STREET 
DAYIS, U~LIFORNIA 95616 ; 

19161 156-1104 ....................................... 

~ n f n  Basin o u t l e t  channe l  
ror t h e  n o o d  c o n t r o l  D i s t z i c t  of ~ a i i c o p a  county,  rco zaozcoo9 

s t a n t e c  conrv1 t ing  I n s .  
P m j  No. 182000343 
rile: prloo-24.d.t 
Date: 01/05/05 1S9 1sran tec i  

  he e x i ~ t i n g  embanlonent f o r  t h e  remnant p o r t i o n  o f  ~ a i c k e n  Dam i s  r-ued. 
~ h s  e x i s t i n g  c h a r n e l  is  regraded  to f u n c t i o n  as a d e t e n t i o n  bas in .  
The b a s i n  0 u t e a l l . t o  W.rerfall wash " I C h f e l y  ending up i n  t h e  White Tanks 
FIIS NO. 3. New peak discharge.  at Olive  Avenue and Northern Avenue due t o  t h e  ................. ........ .dd...ona. ~ ~ ~ e ~ ~ ~ t i n q  the FRZR project ............. 
loo-year  21-hour s t o m  e v e n t  

R e v :  01/01/05 jkk (KirXham Hich=el l  

r)iversi.n a t  o l i v e  Avenve (031 vpdated based  on c u r r e n t  d e s i g n  of s i d e  "err 
Itrvofvre by KirXham Michael .  North I n l e t  Channel d i v e r s i o n  ISIDEWE1 r e t u n e d  
w i t h  remainder oi f lows from H a t e r t a l l  Wash and Cholla Wash ICPLOBI. FR5P3 
c h a m s 1  r o u t i n g  IRCPIOB) added to r e f l e c t  proposed d e s i g n  

~ s i e r e ~ . ~ ~  correction t o  o r i g i n a l  FRZR  asi in o u t l e e  channel  REC-1 nodel:  
Changed n o t a t i o n  irm "Loop3031White Tankr WS2 Update ?ode1 L303H2L.DAT. to 
determine a p r e l i m i n a r y  e s t i m a t e  of the d i n e r r i o n a t  Ol ive  Avenue. - 
i n :  ~ a o - ~ ~ a r ,  21-hour p o i n t  r a i n f a l l  - 1.03 i n c h e s  . 
k i n e a l l  mases: ~ r e e n  and  ampt R a i n f a l l  losaer 
U n i t  Hydragraph: Phoenix V a l l e y  and  Derert/Xanrjeland S-Graph< 

32 TO OUTPUT CONTROL YRRULBLES 
IPPNT 5 PRINT CONTROL 
IPLOT O PLOT CONTROL 
WCRL 0 HYOROGWH PLOT SCALE 

TT WDROGRReH T W  DRTA 
NHIN 5 HTNUTES IN CONPUTATION INTERVAL 

IDRTE 1 0 STARTING DATE 
ITME 0000 STARTMG T W  

NQ 2000 NUNBER OF HYDRO-H ORDTNRTES 
N D m E  1 0 ENDING mTE 
NDTW 2235 ENDING TTWE 
TCENT 1 9  CENTURY NllRK 

CONPUTATION INTER- .On KO(iORS 
TOTAL TIhT B E E  166.58 HOURS 

ENGLISH UNITS 
DIVUNAGE liRWL 
PRECIPITmION DEPTH 
LENGTH, ELEMTION 
m o w  ---  

STORAGE YOLDHE 
SURFACE RRER 
TENPEPATORE 

S Q A R E  HILES 
INCXES 
FEET 
CUBIC FEET PEP SECOND 
RCRE-EZZT 
-5 
DEGREES FbERENEETT 

3 4  JD TNOEX STORN NO. 1 
BTRN 4.03 PRECIPITATION DEPTtl 
TRDR .01 IRANSFOSITTON DDRRINXG ARVL 



45 JD INDEX STOM NO. 2 
STI* 3.79 PRECIPITIITION DEPTH 
TRDR 10.00 TSANSPOSITTON m W N R G E  W 

PRECIPITRTION PATTERN 
.oo .oo ,011 .oo . o o  
.oo . .oo .oo .a0 . o o  
.oa .oo .oo .oo .oo 
.oa .oo .oo .oo - .no 
.oo .oo .oo ' .oo .oo 
.OO .oo .oo .oo .oo 
.oo. .oo .oo .no .oo 
.oo .oo .oo .oo .oo 
.oo .PO .oo -00  .oo 
.on .oo  .PO .oo .oo 
.PO .QO .PO .oo .00 
.oo .oo .oo .oo .oo 
.oo .oo .PO . .oo .OO 
.01 .or .01 .Ol .01 
.03 .09 .09 .09, .01 
. O 1  ,111 .Ol .01 .01 
.oo .oo .oo .00 .oo 
.oo .op .oo .00 .00 

' .oo .DO .oo .oo .oo 
,073 .PO . .oo - 00 .oo 
.oo .oo .oo . . o o  .oo 
.oo .oo .00 .oo .oo 

. .oo .OO .00 .oo .oo 
.oo .oo .oo .oo .oo 
.oo .oo . o o  .oo .oo 

' .oo .oo .OD .oo .oo 
.oo .00 .oo .oo .oo 
.oo .oo .oo .oo .oo 
.oo ' , .00 .oo . .oo .00  

rmew STORM NO. 3 
STRH 3.51 PRECIPITATION DEPTX 
TRIX 50.00 TRIWSPOSITION D W N A S J  IWR 

0 PI PRECIPITATION P A T T W  
.oo ' .oo .oo . o o  .00 
.oo .OO .oo .oo .oo 
.no . .oo .od .oo .oo 
.00  . 0 0  .oo .oo .00 
.oa ' .PO .oo ' .oo .oo 
.oo .OO .oo . O O '  .OO 
. 00 .00  .OD .oo .00 
.oo .oo .oo  . o o  .oo 
.on .oo .oo  . 0 0 ,  . o o  
.oo .oo .on .oo .oo 
.on .oo .no ; .oo .oo 

. .PO .oo .oo .oo .oo 
.oo .oo .oo . 0 0  .DO 

.01 .a1 .Ol . .01 . .01 

. 0 3  .09 .09 . 0 9  .01 

.Ol .01 .01 .01 .01 

.OO . .OO . .00 . o o  .oo 

.OO .oo .oo ' . o o  .oo 

.oo ' -00 .oo . .oo .oo 
. .oo .oo , .oo ' .oo .oo 

.00 ' .oo .oo .OO .oo 

.oo .oo  .OO . 0 0  .oo 
. ~ 

.00 ' , .oo .oo . 0 0  .oo 

.00 .oo .OO .00 .oo 

.no .oo .oo .oo  .oo 

.oo .oo .oo .oo .oo 

.oo .oo ..oo . o o  .oo 



132 m OUTPUT CONTROL YI\RMLES 
IPRNT 2 PRINT CONTROL 
=PLOT 0 PLOT CONTROL . 
Q S W  0 .  BMIROGBAPB PLOT SCALE 

M O  RmRaCPAPRS AT CP3. 

MDROCPAPX AT STATION CP3 
TRRNSPOSITION liRER .O 5Q MI 

P m  FLOW T W  mnm AVERAGE now 
6-KR 24-HR 72-HR 166.58-HR 

... ... .++ ... .+. 

M D R O G W H  AT STATION CP3 
TRANSPOSITION RRUL 1 0 . 0  SO HI 

... ... *.. .*. .,. 
WOROGBAPH I\T STATION CP3 

TRANSPOSITION liREA 50.0 SO 

P m  SLOl T W  -Dm,, AVERAGE maw 
6-HR 21-H8 72-XR 166.58-HR 

DI NON XRNN ORD now DA HON M ORD, mow - OR WIN WDNN o m  now 

0 .  
0 .  
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0. 
0 .  
0 .  
0 .  
0. 













.,*+*,+,*.+,..~+...,*....,..,.,,,,, .............................................................................................. 
PW( FLOW TTME WTNUM EVERWE FLOW 

6-HR ' 24-W 72-HR 165.58-HR 

1. ICES1 (WRI 
ICFSI 

+ 2722. 12.92 611. 168. 56. 24. 

(INCLLESI 1.169 1.283 1.285 1.285 

IAC-ml 303. 333. 333.. 333. 

236 KO OUTPUT CONTROL VXRTnBLES 
IPWT 2 ~ R I N T  CONTROL 
IPLOT 0 PLOT CONTROL 
0 5 0 4  0. BmRoGRRPH PLOT S W E  

~ \ O D  XYDROGWXS AT 11cPlO (CHOLWL RSRI 

... .+. *.. .** 

LFmROGRlleX AT STATION 11CP10 
TRANSPOSITION RRUL .O SO HI 

P- FLOW TlME MRX- AVERWE FLOW 

6-HR 24-XR 72-W 166.58-W 

L P m R O G W H  RT STATION 1l~PlO 
, TRANSPOSITION RRUL 10.0 SO MI 

P W F L o U  TINE ' H R X m  R Y E W E  FLOW 
6-HR 24-HR 72-W 166.58-HR 

+ ICFSl IXRI 
ICFSt 

+ 1840. 12.75 682. 184. 62. 27. 

(INCIIESI 1.055' 1.140 1.142 1.1*2 
IAC-FTI ' 338. 385. 366. 366. 

CUMXATIVE RRER - 6.01 SQ XI 

RlDROGRAPH AT STATION IlCPlO 
TIWISPOJITTON liRER 50.0 SO MI 

PEAK FLOW TTNe WMON. AVERAGE FLOW 
6-HR 24-ZR 12-BR 166.58-W 

+ (CFSI (XRI 
ICFSI 

+ 4239. 12.75 597. 161. 5 4 .  23. 

IINCMSI .92< 1.003 1.005 1.005 
(XC-ETI 296. 321. 322. 322. 



,.f....lfl,,*.,..*ffl....,~~+,~.ilt.+.** 

FLOW + D% HON XPXt4 ORD EZOW DR MOW XRNN ORD 

...,.+*** 

now 

0 .  
0 .  

.+ ~.,*,*~,+,.'***..*...~..~..+*. 

now I DR NON m om 

...f.f.,fl..lf.*..)_H. 

DA NON M(MN ORD 

.~ - 
1735 1076 
n r o  1077 
1745 1078 
1750 1079 
1715 1080 







4 + 3 
14. ' 3 
1 4 .  3 
1 .  * 3 
14. ' 3 
14. ' 3 
14. 3 
14. ' 3 
14. ' 3 
14. 3 
1 4 .  3' 
14. + 3 
13. ' 3 
L3. . 3 
13. + . 3 
13. 3 
13. ' 3 
13. 3 
12. ' 3 
12. t 3 
12. 3 
11. ' 3 
11. 3 
11. ' 3 
lo. ' 3 
10. ' 3 
9. 3 
9. 3 
8 . .  3 
1 3 
1 3 
6. 3 
5. + 3 
5. 3 
4. 3 
4 3 
3. 3 
3. 3 
2. 3 
2. + 3 
2. 3 
1. ' 3 
1. * 3 
1. ' '  3 
1. ' 3 
1. ' 3 
1. ' 3 
0.  3 
0 .  . 3 
0. 3 
0 .  . 3 
0. * 3 
0 .  . 3 
0 .  * 3 
0 .  . 3 
0.  . 3 
0.  3 
0 .  * 3 
0. 3 
0. . 3 
0. . 3 
0. 3 
0 .  3 
0 .  "3 
I). ' 3 
0 .  . 3 
0 :  3 
0. + 3 
0. 3 
0 .  3 
0 .  + 3 
0 .  . 3 
0.  3 
0. 3 

0 .  3 
' 0 .  . 3 
0. 3 
0 .  . 3 

0 .  3 
0. 3 
0: . 3 
0.  . 3 
0 .  3 
0. . 4 
0 .  4 
0. * 4 
0.  4 
0 .  + 4 
0 .  * 4 
0.  4 
0. . ,4 
0 .  . 4 
0 .  4. 
0.  4 
0. 4 

0 .  
0. 
0 .  
0 .  
0 .  

, 0 .  
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0.  
0.  

I 0. 
0. 
0 .  
0 .  
0 .  
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0 .  
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
0. 
0. 
0. 
0. 
0.  
0 .  
0.  
0.  
0 .  
0. 
0. 
0 .  
0 .  
0.  
0 .  
0.  
0 .  
0. -  
0 .  
0 .  
0 .  
0. 
0. 
0.  
0. 
0.  
0'. 
0 .  
0. 
0 .  
0. 
0. 
0. 
0 .,. 
0 .  
0 .  
0 .  
0. 
0 .  
0 .  
ti. 
0.  
0 .  
0 .  
6. 
0 .  
0.  
0. 
0. 
0.  
0. 



0. . 
0. 
0, ' 
0. ' .  
0 .  
0 .  
0. * 
0. . 
0.. + 

0.. 
0: 
0 .  
0. 
0. 
0 . .  
0. ' 

, 0. - 
0. . 
o., . 
0. 
0 .  . 
0. . 
0 .  . 
0. 
0. . 
0. + 

0 .  . 
0 .  . 
0. + 

0. . 
0. 
a. ' 
0. . 
0 .  
0 .  * 
0. . 
0. 
0 .  + 

0. . 
0. . 
0. . 
0. + 

0 .  + 

0. 
0 .  . 

0 .  . 
0 .  ' .  
0. 
0. . 
0 .  . 
0. . 
0. . 
0. ' 
0 .  + 

0 .  + 

0. . 
0 .  . 
0.. 
a .  ' 
0 .  
0 .  
0. 
0 .  . 
0. . 
0. . 
0. . 
0. . ' 
0. . 
0. . 
0. * 
8. . 
0. . 

0 .  
0. . 
0. + 

0. . 
0. 
0. . 
0. '. 
0.. 
0. . 
0. 
0. . 
0. 
0 .  .. 
0. . 

' 0. 
0. . 
I). 

0. ' 
0 .  
0. * 
0. . 
0 .  . 
0. . 



PEAKFLOW 1THE WTMM AVERAGE FLOW 
6-HR 24-HR 72-HR 166.58-lIR 

+ ICFSI IXRI 
ICFS) 

+ 4877.  12.75 687. 186. 62. 27. 
(INCXES~ 1.063 1.149 1.151 1.151 

(X-TT1 341. 368. 363. 359. 

255 KO OUTPUT CONTROL V A R m I E S  
IPRNT 2 PRlNT CONTnOL 
TPLOT 0 PLOT CONTROL 
Q S W  O.  ~ R O G R A P B  PLOT s m e  

RUNOFF KYDROGRAPE FBOX SIJ-BASIN 12 

SUBBR5IN RUNOFF DATA 

257 BA SUBBASIN CWRRCTERISTTCS 
TXXfA 1.38 SOBBASIN 

T LOSS RATE 
1 6  STI\P.TING LOSS 

W D R O G W l i  AT STATION 12 
TRRNsPosrrraN mJs. .O  SQ X I  

TOT- IVLTNmL - 4.03, TOT- 5055 - 2.78, TOTAL EXCESS - 1.25 

FW( now ~ n n  MU- AVERAGE FLOW 
6-MI 24-MI 72-HR 166.58-HR 

+ (CFSI lRRl 
ICFSI 

+ 1306. 12.50 180. 46. 15. 7 .  

IIIICHESI 1.213 1.216 1.248 1.248 

IAC-FrI 89. 92. 92. 92. 
-. 



XYDROGRAPX RT STATION 12 
TRM15P05ITIOII liRU 1 0 . 0  SQ MI 

TOTAI. W N W L  - ' 3 .79 ,  TOTAL LOSS - 2 . 6 6 ,  T O T S  KXCESS = 1 . 1 3  
t- 

PW( now TW MRX- AVERIU~E n o w  
6 - m  24-HR 12-XR 166.58-XR 

m R a : R R P R  AT STATION 1 2  
TRANSPOSITTQN liRU 5 0 . 0  5Q MI 

TOT= RRINTALI - 3 . 5 1 ,  TOTAL lOSS n 2.51, TmAL MCESS - 1 . 0 0  

PW( FLOW TTNE M R X W  A W E  nM* 
6-HR 24-XR 72-XR 166.58-WR 

+ (CFSI (XRI 
lCF5l 

+ 1 0 5 7 .  1 2 . 5 0  144. 37 .  12. 5 .  

1INCM:Sl , 9 7 3  1 . 0 0 4  1 . 0 0 4  1 . 0 0 4  
IRC-ETI 1 2 .  . 7 4 .  7 4 .  74.  

CmmIATTVE ILRER - 1 . 3 8  SQ H I  





I700 1645 
1705 1646 
1710 1647 
1115 1648 
1720 1649 
1725 1650 
1730 1651 
1795 1652 
1740 1653 
1745 1654 
1750 1655 
1755 1656 
1800 1657 

i 1805 1658 
lBl0 1659 
1815 1660 
1820 1661 
1825 1662 
1830 1663 
1835 1664 
1640 1665 
1845 1666 
1850 1667 
1855 1668 
1900 1669 
1905 1610 
1910 1671 
1915 1672 
1920 1673 
1925 1674 
1930 1675 
1935 1676 
1910 1617 
1915 1678 
1950 1679 
1955 1680 
2000 1681 
2005 1682 
2010 1681 
2015 1684 
2020 1685 
2025 1686 
2030 1687 
2035 1685 
2040 1689 
2045 1690 
20SO 1691 
2055 1692 
2100 1693 
2105 1691 
2110 1695 
2115 1696 
2120 1697 
2125 1698 
2130 1699 
2135 1700 
2140 1701 
2145 1702 
2150 1703 
2155 1704 
2200 1105 
2205 1706 
2210 1707 
2215 1708 
2220 nos 
2225 1710 
2130 1711 
2235 l712 
2240 1713 
2245 1714 
2250 1715 
2255 1716 
2300 1117 
2305 1718 
2310 1119 
2315 1720 
1320  n21 
2325 ll22 
2330 1723 
2395 1724 
2340 1725 
2345 1726 
2350 1727 
2355 1728 
0000 1129 
0005 1130 
0010 1731 
0015 1732 
0020 1733 
0025 1734 





0. . 
0. + 

0. . 
0. 
0. . 
0. ' 
0 .  
0 .  '* 
0. . 
0. + 

0. . 
0 .  + 

0 .  . 
0. 
0. . 
0. + 

0 .  ' 

I). * 
0. 
0. 
0 .  + 

0. + 

0 .  + 

0 .  + 

0 .  . 
0 .  
0. * 
0 .  . 
0 .  
0 .  . 
0 .  
0. , 
0: . 
0. 
0. + 

0 .  . 
0. 
0: . 
0. + 

0. + 

0 .  . 
0. + 

0. + 

0. 
0. . 
0. 
0. . 
0 .  . 
0. . 
0 .  . 
0. . 
0. + 

0 .  + 

0 .  - 
0. : 
0. * 
0 .  + 

0. * 
0 .  
0. + 

0 .  * 
0. . 
0 .  * 
0. + 

0 .  . 
0 .  + 

0 .  + 

0. . 
0 .  
0 .  . *  
0. . 

0 .  * 
0. + 

0. + 

0. + 

0 .  + 

0 .  . 
0. . 
0 .  
0 .  + 

0. . 
0. 
0. 
0. 
0 .  + 

0. ' . 
0 .  * 
0 .  + 

0 .  * 
0. * 
0. 
0. * 
0. . 
0. . 
0 .  * 



,,,....*.*.+......~...* ~~...~...,*,..*~.*..*.....*~~...*+*.*.*....~.. 
WTMII( A Y E W E  FLOW 

6-RR 24-RR 72-BR 166.58-81( 

e m  TTNE OF AYEPAGE now FOR mmun PERIOD 
STATION now e m  

6-EOm 24-HOUR 72-HOUR 



ROUTED TO 

Im,RffiRRPA AT 

HYDROGRAPH AT 

ROUTED TO 

ROUTED TO 

3 CONBTNEO AT 

ROUTED TO 

lfmRffiRRPH AT 

ROUTED TO 

IM)RMjRAPH AT 

2 COMBINED AT 

RCPl 

2 

m - 1  

m-10 

-1 

CPZ 

RCP2 

3 I  

RCPJli 

3 

I l C P 3  

lfmROG-B AT 

ROVTED TO 

WDRO-H AT 

RIDRO-H AT 

2 CONBTNeO AT 

ROWED TO 

HYDRffiIVIPH AT 

2 COMBINED AT 

ROOTED TO 

E'DRffiRRPH AT 

2 COHBINED AT 

ROWED TO 

HYDRMjRiiPH AT 

2 CONBIMO RT 

m D R O G W B  AT 

2 COMBINED AT 

ROUTED TO 

WDRffiRWH AT 

2 CONBTNED AT 



Hm8ajRRPB AT I 

u 
+ NIC 1626. 12.92 322. 95. 32. 4.86 

2 CCNBTNED AT 
1278. 348. 116. 10 .87  ,hi U W A S J _ ' ~ ~ ~  

ROUTED TO 
+ RCPlOB 6910.  12.83 1271 .  348. 1 1 6 .  10.87 

+f*  110- END OF HEC-1 ''' 
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project NGET\~ )&XI CNIWNS-L Date a/25/0? - IZ,@# 

subject p L 4 r  blSCWrz65S Designed 
%EL-& M%&LL. P ~ b d 6  f'L- ~ D U Z  . . 
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p,~a I~W- CC~& 7/04 L ) P D ~ ~  ~&Io /&  
Project 

HG-A "w-K* s1t.16 W P ~ ~ ~ / W K L - ~ * E ~ ~ ~  checked 
Subject 

A m p  HZL-L I~\DSL C L303M1 L-DAT) 

. . . . 

. . . . .  i l ' i i i  
- ' ! ; b, j=,,,lJ, A - v d ~ / J &  :Fop: ~&%TC+L @34l<0f l  . of- .Bp-e ' j  CArMLWA5f-I AT . . 
; \ I .  
: , ., . &,J& >yw*31j&, UAS 1 1 ( 1 ~ ~ ~  + , Ev$u ?i?J&+fl%'~ PIvmsIDhI * 
! : : ! I :  I . ' 

,s&&z N,cl. p C \ * $ \ i ~ .  . , i i -, , , ,  
i i i ; ! !  , z  

1 I .:gj $6 ,* 5%: ~ f :  . R $ Q Q ~ H  .. c~.~FI.~&% .AT CI~,W  ASH * . . 
1 : l &+w[ r , LW~L Lj&q , . ; , I i /  h& : Cw . . . .  TO! : +QW?$$ ?L+ ~ - : N & E U ~ &  . . 

, , ; : < y ~ ! & f l  ' a ; ~ 3 e l i  b ~ w &  1IJ : ; $ '  I , . . 2, , . t .  . . 

! p q  . , . -  
i I " :  : " : 

[ i i ! ,  ; , . , :  i ; , , !  
, . : (  , ., ! ,  . , ,  ; . ; . :  : ! ' I i : ;  : . I  : i .  . . .  

, . , : . . i  . . , . .  
I /  .... 8 : . . 

; ,,. :., r.l :.. .;. ,,-. ....... . . .  . . . .  . , 
, , . . & /  I .  ! 0 

. j m . . . . .  , , .  ; fm!L 4 :w-l -L 
. . a's .n[4 . . ~. . . , . , , 

r &?& 15.57 & q T L " a C &  ~ ' ~ ~ 1 6 d  
WTtd6 (Wfl OF' : 

s : -lLwJ I $  PI'@. 
: I - ; ~ 5 h  J loot g&aiii. wiW.. 

, D~V.WSIDJ& &4) 
4@3 . , ;.,+LA 
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, , . . .  . , 

: . 
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URS AD- File Names (HEC-1 Files) 

I D  WHITE TANKS AREA DFAINAGE MGTER S!lWDY *UPDATE*. 
I D  O r i g i n a l  MODEL BY THE WLB G r o u p  f o r  FCDMC AS PART O F  THE WHITE 
I D  TANKS/AGUA FRIA ADMS, D a t e :  O c t o b e r  1 9 9 1  
I D  
ID PER DIRECTION AND BY PROVISION OF THE FCDMC, URS HAS ADDED THE 
I D  PROVIDED DIVXRT DATAFOR THE EXISTING DIVERSION (PREVIOUSLY i 

I D  TURNED OFF) AT D1189 .  
I D  

ID. ***REMOVED RETENTION AT SUPER BASIN #5 SUB BASINS 2 9 7 ,  315, ?**  
I D  ***334,  335A, 335, 316 TO REFLECT RELAXED RETENTION REQUIRE-*** 
I D  ***MENTS ADJACENT TO THE BULLARD CHANNEL S .  OF 1-10. *** 
I D  
ID * URS REVISED RTIMPPERCENT IMPERVIOUS VALUES * 
I D  * AS PER FCDMC G I s  DATA - 6 -27 -01  * 
I D  
ID REVISED HYDROLOGY HEC-1 RUN FOR WHITE TANK 
'ID 100-YEAR, 2 4 - ~ 0 ~  

REVISED BY URS DATE: 01-14-04.  
F I L E :  L303F8B.DAT 

I D  DRAFT PREFERXED ALTERNATIVE LEVEL 111 
I D  

- 

LUKE A I R  FORCE BASE CRASH ZONE AREA 

**&DOT BASIN GEOMETRY REPRFSENTS MOST RECENT 2 '  CONTOURS** 
WHITE TANKS AREd DPAINAGE MASTER STUDY *UPDATE* 
O r i g i n a l  MODEL BY THE WLB G r o u p  f o r  FCDMC AS PART OF THE WHITE 
TANKS/AGUA FRIA ADMS, D a t e :  O c t o b e r  1 9 9 1  

I D  100-YEAR, 24-HOUR STORM o r i g i n a l  f i l e :  WTADMS.24 
I D  

I 
I D  REVISED BY URS DATE: 01-14-04  
I D  , F I L E :  L33PE4H.DAT 



. - 
. . 
.. . . ID . FUTLTRE CONDITION HDYROLOGY MODEL WITH PROJECTS - LEVEL I11 

ID 
WHITE TANKS AREA DRAINAGE MZLSTER STUDY *UPDATE* . ' ID 

ID Original MODEL BY THE WLB Group for FCDMC AS PART OF THE WHITE 
ID TANKS/AGUA FRIA ADMS, Date : October 1991 
ID 
ID ***REMOVED RETENTION AT SUPER BASIN. #5~SUB BASINS 297, 315, *** 
ID ***334, 33SA, 335, 316 TO REFLECT RELAXED RETENTION REQUIRE-*** 
ID ***MENTS ADJACENT TO THE BULLARD CKANNEL S. OF 1-10: *** 
ID 
ID * URS REVISED RTIMP PERCENT IMPERVIOUS VALUES * 
ID - * AS PER FCDMC GIS DATA - 6-27-01 * 
ID 
ID REVISED HYDROLOGY HEC-1 RUN FOR WHITE TANKS ADMS 
ID 100-YEAR, 24-HOUR STORM original file: WTADMS.24 
ID 
ID FUTURE CASE WITH RETENTION VOLUME DIVERTS 

ID REVISED BY URS DATE: 01-14-04 
ID FILE: L33PF6D.DAT 

ID 
ID PER DIRECTION AND BY PROVISION OF THE FCDMC, URS HAS ADDED THE 
ID PROVIDED DIVERT DATA FOR THE EXISTING DIVERSION (PREVIOUSLY 
ID TURNED OFF) AT DI189. 
ID 
ID THE RESULTS OF THE FLOODPLAIN FLOW SPLIT ANALYSIS 

I 

ID , FILE : L303MlL.DAT fl I 



* FLMD HYDROGRAPH PliCRRGE IHEC-11 ' U.S. RRM CORPS OF ENGINEnLS * 
JOX , 1 9 9 8  .. + mDROlOGTC PNGrmSurNG CENTER 

609  SECOND STREET mksro~ 4.1 
DAVIS, CALIFORNIA 95616  

19161 756-1154 ........................................ ......................................... 
f%'L N\ C L ~ N ~ \ D &  

' x  a x m i c a  m ' ,  
Y x X X X  

X X X  X X 
. . 

EMOCIC(]OCC( X )3CCM X 
x X X  Y X 
X X X  x x ,  x 
X X X l C O O O ( X ~  )DM 

THIS PROS- REPLRCES W P R N I W S  -TONS OF BEC-1 RNOWN R5 HECl (JAN 731 ,  BEClGS, BEClDB, RND 5C1KW. 

T 5  DEFINITIONS OF VAXYIBLES - k T m - I W D  -RT108- HRYE C W G E D  mm TEOSE USED sTTB TBE 1979-STYLE LNPOT STRUCTURE. 
T 5  DEFTNIT~ON OF -RPtSXK- ON Ed-- WBS -ED WITH REVISIONS DRTED 2 8  SEP 81.  THIS 15 TBE rOEWAN77 VERSION ' 

N E W  OPTIONS: DIU(BRERI( OOTFLOW SOBNERWNCE , SINOLE DAMAGE CALCULATION, DSS:WBTTE S m G E  ZXEQUUlC-i, 

Dss:ilEao T m  SERIES RT DESIRED CRGnrWLTION EiTERML LOSS RRTEiOIIEW jWD ANPT INFILTPATTON 
M-TIC WLYE: N E W  SINITE DIFFCWICE .?LGORITHN 

BEC-I nrPUT PAGE 1 -  1 

.................................................................................. LINE 

1 -  ID LOOP SO3 CORIIIWR-WTTE WMS RRUL DRRZNAGE W T E R  PIAN UPDRTE 
2 TD O(ISTING CONDITION HYDROLOG7 NODEL 'WTTAOOT PROJECTS M PLACE' 
3 I D  

ID rm owcri,m BY pnavrsro~ OF THE FCDHC, ORS BP-F RDOED THE 4 
5 I D  , P R ~ V ~ D E D  D-T DATA FOR TBB FXIJTlNG D N W I O N  IPRMOVSLY 

6 TD TORNED OW1 01189. 
7 ID 
B m THE RESVLTS OF k %OODPW FLOW SPLIT WTSIS 
9 ID AT P E R S W I l l r  1 a3P.D AVE B E T w l M  -NnW RND BET= 

BOm 8080 BRVE BEEN WCORPORIITED INTO TRTB N O D U  10 
11 
1 2  I D  
1 3  I D  
1 4  I D  
1s I D  NOTES :' 
1 6  . I D  1:TBIS BBC-I MODEL CONTATNS TBE FOLLOWING SUPER W T N S :  WHITE TRNKS 3, 

2.X. 2B, 2C, i ~ ,  2% 28, ZG, 28, 21, 2J; 2K, Z L 3, 4 TEN3 26.  11 I D  
I S  I D  2. XWISED TO REFLECT UPORTED SOILS MRPS AND NEW DEYELOPHnrr. 
19 I D  3 .  AVERAGE X X S ~  VALUES FOR EACX SWWTN YDS RECEIVZO mm FCOHC 
20 I D  GIS DATRRMI T 5 N  ADJTJSTED MR YEGETX7TON. OR LEPC R5 ORTGTNRLLY I N  

W W MODEL. 21 I D  
4. FOR ml DFTELOPHENTS ONLY 80% OF REPORTED PROVZDED RETENTION 2 2  I D  

2 3  ED WAS ~ ~ U ~ W E D  I N  TBIS HODEL (M A CONSERVXTW ESTIXILTEI . RETGYTION 

2 4  I D '  . W A C I T T E S  WE* EST-SD BY EZC FOX DEWLO-TS 'KITE NO 
25 I D  DRATNRGEREKIRTJ. 
26 I D  5. REVISED DRAINRGE BOUNDARiES W E D  mON PIELD mSFECTTON 06 SUN CITY. 

2 7  TO GRRND. CONBINED SEVERAL BRSLNS TOGERiER TO HliKE NEW -LNS 1 1 4  L l i S .  
2 8  I D  ALSO REROU'ED SUBBASINS IOOA. 101 ,  10% iWD 1 0 6  TO TEE SOUTH TO 113% 
2 9  I D  6. &WE= ROO?E .?LONG REZKS 8080 DPDATED TO REFLECT N E W  CONSTRUCTION. 

3 0  I D  7 .  REVISED 5CS T Y P E i I  DISTRTBOTION TOR Rn: 24-KOGU GENERAL 
31 ID STOW. 
32 TD 8. REVISED d DEPTB-RRUL ReDVCTTON PIV3TOQ.S. 
33 TD 9. P S m  WERE mJo51ED &ED ON THE -m:S O F  XKS&T PND WERE ED~TED INTO 
3 4  I D  T 5  W A  FILE BY THE E D K C .  

1 0 .  AVERRGE XWRI VALUES T(IR SWBRSINS WIT= B O m W  PiTS IWBIZE 3s ID 
' 3 6  TP . AXZLS # 3  E #<I  WPZ ESTMATZD BY EEC. 

. D m G m n  
S 600 37 IT 

38 10 5 
3 9  I N  1 5  

JD 4.43 .001 &O 
4 1  PC .OOO ,002 . . 005  .008 .011 -014  , 0 1 7  .020 , 0 2 3  , 0 2 6  
4 2  PC .029 -032 . .035 .038 0 -044 .048 , 052  , 0 5 6  . O K 0  
43 PC .064 ,068 , 0 7 2  + 0 7 6  -080  , 0 8 5  , .090 .095 . l o 0  , 105  
44  PC . I 1 0  , 115  , . I 2 0  , 1 2 6  .I33 . I 40  . I 4 7  , 155  1 6 3  .L l2  
45 PC .1B1 .I91 .203 .218 - 2 3 6  .257 ,283 ,387 .663 . l o 1  
4 6  PC , 1 3 5  ,158 .776 . 791  .804 .815 ' .825 .a34 . 8 4 2  .a49 ' 

67 PC .856 .863 .869 . 875  - 8 8 1  , 887  .B93 .898 . 903  .900 
68 PC , 9 1 3  ,918 .922 , 9 2 6  .930 , 934  ,938 , 942  .946 .950 
49 PC .953 ,956 .959 .962 . 965  .968 . 971  .974 .977 .980 
5 0  EC .983 , 986  ,989 .992 .995 .998 1 .00 1 .000  1 , 0 0 0  1 .000 
51 ' JD 3.79 1 0  
5 2  3T) ' 3 . 5 1  50 
53 JD 3.39 100  
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609 SECOPm STREET 

THIS P R M i M  R E P W E S  ALL PREYIOUS VERSIONS OF RCC-1 KNOWN AS H E C l  lI8N 7 3 ) .  XECIGS, BEClDB, AND HEClXR. 

-YE OEFTNLTIONS OF W I m L E S  -8TIXP- AND -RTTOR- HI\= CEANGED FROM TKOSE USED WTTX TXE 1973-STYLE INPO ..... -.--- "" """ ", m"T" *= -- ronmDu,, Ts DEFINITION OF -mKX- ON RN-CARD W A S  CKRNGED WITE REVI$IYNa UXlru Lw rrr oL. inia A,-. .r..-.-- YERSTON 

N E W  OPTTONS: DIINBP.EAU OUTE'LOW SUBI*ERGENCE , SINGLE EVZNT DRNRGE W N L A T I O N ,  DSS:WRI*E STAGE FREQUENCY, 
05s:- T m  S E R I E S  RT OESLRED CAL-TION INTER- LOSS RRTE.GRER4 RND RNPT WEIITWLTION 

KINWATIC WAVE: NEW F I N I T E  DTFE'ERENCE ALGORIIa 

WC-1 INPUT 

ID ....... l.......Z.......3.......4.......5.......6.......7.......8.......9......10 
ID LOOP 3 0 3  COORIWR-WHITE TANKS AW,A DaRTNRGE W T E R  PIPN UPDATE 
ID EXISTWO CONDITION RIDROLOGY MODEL 'WITROUT PROJECTS W P-' 

.ID 
ID Pen DIRECTION RND BY PROVISION OF 'IS KDctCr XS.3 hoDeD THE 
10 PROVIDED DIVERT DATA FOR - EYTSTING D N E R S X O N  (PREVIOUSLY 

I D  TOWED OFF) AT DIlE9. 
TD 
ID THE RESULTS or rn n o o u n n m  PLMI SPLIT XNSLTSIS 
ID AT PERRWILLE L 83RD AXE BeIWEm O L ~ A L E  BET- 
ID =ONE RO%D XAVE BEEN XtTCORPOR2TED INTO THIS NODEL 
I D  

REYTSEI) BY DW DATE: 04-14-04  
FILE: 1 3 0 3 n l L . D R T  

NOTES: 
I. TXrIITS hEC-I HODEL CONTXINS TW, FOLLOWING SQPER W I N S :  M I I T E  T M S  3, 
a, 28, ZC, 20, ZE, 2F, ZG, 28, 21, ZJ, 2x2 2 L 3, 4 TMIU 2 6 .  

2 .  REVISED TO REFCECF WDATED S O I Z S  U S  AN0 NEW DEVELOPNENT. 
3. AVERAGE XXSAT W U E S  FOR ERCX SUBBASIN W M  RECEIVED FROM FCDNC 

GIs D A U R N D  T B W  IIDJUSTED FOE VEGETATION, OR L E I T  A S  ORIGIN-LK I N  
TXE W MODEL. 
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KK D3 
M NORTH INLET C W L  DIVERSION BY 1M ON 12/11/04 RT O L N F  XNEWE 

DT 01189 
Dl 0 2655 :;;; 4N,C.bh,sd 
IM 0 1600 
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* "- "*. o"  - 
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.... 
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HEC-1 peak discharges from Loop 303NVhite Tanks ADMP . Estimation of peak discharges from modeling design . HEC-1 Check of peak discharge estimates . HEC-RAS output for existing conditions with proposed flow rates (1600 cfs diversion) 

Wh~te Tanks FRS #3, North Inlet Channel 
Analysis and Calculations Report 

December. 2004 



WHITE TANKS FRS#3 - NORTH INLET CHANNEL PROJECT 
HECRAS MODEL 

General 
A steady state, subcritical flow model for the North Inlet Channel Project was created 
using HEC-RAS v. 3.1.3. The model includes the following reaches: 

Beardsley Wash, from Olive Avenue to Cholla Wash 
Beardsley Wash, from Cholla Wash to F R S f  
North Inlet Channel (NIC), from Olive Avenue to Northern Avenue 
Cholla Wash, Sonoran Ridge Estates to Beardsley Wash 

Geometry 
Cross sections for the model were developed from the topographic data developed for 
design of the North Inlet Channel, South Channel, and the Be~ds ley  Wash culvert. 

Flows 
Flows for select points throughout the project were taken from the HEC-I model @r100- 
24.dat) developed for this project. This basic HEC-1 model was developed in the FRZR 
Basin Outlet Channel Design Report, dated 01/10/05 by Stantec, and modified for the 
proposed project features. 

Design flow rates used were as follows: 

Reach 
Beardsley Wash, Waterfall Wash to Olive Avenue 
Beardsley Wash, Olive Avenue to Cholla Wash 
Cholla Wash 
Beardsley Wash, Cholla Wash to Northern Avenue 
North Inlet Channel, Olive Avenue to Northern Avenue 
South Channel, Northern Avenue to Sidewash #6 
South Channel, Sidewash #6 to FRS#3 

Flow (cfs) 
2,722 
1,170 
4,877 
5,678 
1,600 
7,132 
7,572 

A flow division on the north side of Olive Avenue was accomplished through the use of a 
side flow weir and culvert under Olive Avenue into the NIC channel. This flow division 
was modeled using the Lateral Structure routine in HEC-RAS and the HEC-RAS 
optimization tool. Since the optimization tool continued to calculate optimized flows 
downstream on Beardsley Wash, a set of modified flows were entered at various 
locations to obtain the design flows for that reach. 

Manning's "n" Values 
Manning's "n" values were identified in the model for the various reaches, based on 
existing ground cover and planned channel lining materials. For Beardsley Wash, fiom 
Olive to Cholla Wash, and Cholla Wash, field visits were conducted and existing channel 
vegetation and geometry were photographed. Hand-drawn elevation schematics were 
prepared at approximately 150-foot intervals along the study reach. The schematics were 



used to establish the arrangement and clarify the content of the photos. The photos were 
taken to document existing levels of vegetation and the composition of materials 
compromising the wash bottom, banks and overbanks of the study reach. 

Through assessment of the photos, it was determined that most of the study reach 
consisted of a natural sandy-bottomed channel with trees and shrubs on its sides. The 
overbank floodplains consisted of normal density desert brush. The 'n' values were 
applied along the study reach to right overbank, left overbank and channel, using the 
Manning's Roughness Coefficients Table in Volume 11, Hydraulics, of the Maricopa 
County Drainage Design Manual. The table contains 'n' values for minimum, normal and 
maximum tree and shrub density, which were used to more accurately depict the channel 
with its varying vegetation. Again, the hand-drawn schematics were used to organize the 
photos in addition to the 'n' values associated with the photos. In some areas, there were 
two channels running parallel which produced up to six 'n' values per cross-section. 

The new NIC and South channels will be lined on the bottoms and sides with native 
vegetation. Manning's "n" value used for these channels was 0.030. For riprap and 
grouted rock structures, the "n" value used ranged from 0.035 to 0.040 depending on the 
size of rock involved. 

Boundary Conditions 

:. Boundary conditions for the model were as specified below: 

I S=0.0038 
BCW - Cholla to FRS#3 I Junction A 1 Normal Depth, 

Reach 

I Surface = 1222.70 (3) 1 
(1) - BCW = Beardsley Canal Wash, or Beardsley Wash 
(2) - Assumed critical depth over sideweir and into culvert under Olive Ave. 
(3) -Water surface elevation taken from BCW summary just south of Northern Ave. 

BCW(') - Olive to Cholla I Normal Depth, / Junction A 
Upstream 

Cholla Wash 

North Inlet Channel 

Assumptions 

Downstream 

1. The project will join Beardsley Wash and the North Inlet Channel together just 
south of Northern Avenue. At this point, an 8' drop structure would be installed 
at the beginning of the South Channel. Due to its close proximity to the wash and 
NIC culverts under Northern Avenue, the junction at this location was removed. 
Beardsley Wash and the South Channel (including the Wash culvert under 
Northern) were combined into one reach (BCW - Cholla to FRS#3). The North 

Normal Depth, 
S=0.0136 
Critical Depth ") 

S=0.0004 
Junction A 

Known Water 



Inlet Channel profile was run using a starting water surface elevation on 
Beardsley Wash, just downstream of Northern Avenue (1222.70). 

2. Both the Wash Culvert and the NIC Channel culvert under Northern Avenue 
would have a beveled inlet equating to 1 incWl foot at 33.7 degrees. 

3. The maximum height of fill over the Olive Avenue culvert was taken as the 
existing Olive Road profile. The elevations over the two Wash culverts assumed 
a slightly modified roadway profile for Northern Avenue. The maximum 
elevation actually falls around the Beardsley Canal. 

4. Hand calculations for the 8' drop just downstream of Northern Avenue differed 
greatly from the HEC-RAS profiles for this structure. Again, its close proximity 
to the Northern Avenue Culverts and rapidly changing geometry produced 
unreliable results. We know the hand calculations are correct, so the 8-foot drop 
structure as designed was removed from the HEC-RAS model and replaced with a 
sloping invert that had the same elevation changes as the drop structure. 
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NIC-South Channel Plan: Plan 09 ' 1/23/2007 
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,. South Channel Analysis and Design 

In August 2005, a preliminary analysis was done to compare the costs of various types 
and sizes of channels for the reach from Northern Avenue to the impoundment area 
behind White Tanks FRS#3. A total of nine different channel bottom widths, slopes and 
bank protection were studied. From that study, it was found that a wide channel on a 
relatively flat bottom slope was desired by the study team. 

The South Channel was sized and analyzed using a set of methods and checks which 
i depended heavily on IIEC-RAS and FlowMaster as follows: 

1) Channel sizes were computed using two flow rates: 7,132 cfs from Northern 
Avenue to Station 535+00 and 7,572 from 535+00 to the end of the South 
Channel at station 51 1+00. 

2) There were two controlling elevations for the channel. The elevation at the outfall 
end of the culverts under Northern Avenue (1218.25) and the channel invert 
elevation at Station 51 1+00 (1202.0). 

3) FlowMaster was used to test several different side slopes and bottom slopes for 
the channels. A bottom width of 150 feet, with 5 horizontal to 1 vertical side 
slopes and a bottom slope of 0.0004 feet per feet were selected as the typical 
dimensions for the channel. 

4) To gain that proposed bottom slope, a total drop of 14-feet was needed in addition 
to the drop experienced due to the bottom slope. After several discussions with 
the project team, it was decided to incorporate an 8-foot drop immediately 
downstream of the Northern Avenue culverts and two 3-foot grouted boulder drop 
structures at downstream locations which would lower the hydraulic grade line to 
desired levels along the channel while minimizing excavation quantities. 

5) The HEC-RAS model was set up for this channel configuration and runs made 
with the two flow rates. The normal depth of flow along the channel was used 
with the calculated energy head to determine the appropriate freeboard needed for 
the channel. 

6) Manning's "n' values used for the channel were 0.030 for the portions of the 
channel to receive native seeding, 0.036 for riprap lined areas and 0.040 for the 
grouted boulder drop structures. 

7) Maintenance roads would be built on top of the banks along both sides of the 
channel. These roads would be 15-feet wide and constructed of 4-inches ABC 
covered by 2-inches of decomposed granite. Ramps would be constructed down 
into the channel at periodic intervals to permit maintenance and inspection. The 
project was laid-out assuming that a common maintenance road would be built 
between the proposed channel and the WTFRS#3 embankment. 
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Channel Invert Elevations - NIC South Channel 
[With 8' drop at Northern Ave. and 3' grouted boulder drops at 543+08.62 and 538+008.62] 

1 5/9/2006 1 
Starting Station 
Starting Elevation 
Slope 



Worksheet 
Worksheet for Trapezoidal Channel 

Worksheet SC -Channel DS of Drop at Northern 

Flow Element Trapezoidal Channel 

Method Manning's Formula 

Solve For - Channel Depth 

Input Data 

Mannings Coefficient 0.030 
Channel Slope 0.000400 Rlfl 
Len Side Slope 5.00 H : V 

Right Side Slope 5.00 H : V 

Bottom Width 150.00 R 
Discharae 7.132.00 cfs 

Results 

Depth 9.46 n 
Flow Area 1,866.8 ft' 
Wetted Perimeter 246.49 R 

Top Wldth 244.61 R 
Critical Depth 3.94 ft 
Critical Slope 0.008660 Wfl 
Velocity 3.82 Ws 
Velocity Head 0.23 n 
Specific Energy 9.69 R 
Froude Number 0.24 

Subcritical # 

Project Engineer: Kirkham Michael Employee 
k:\..b&h\flowmaster\nic-southhchannel.fmZ . . Kirkham Michael Consulting Engineers FlowMaster "7.0 [7.0005] 
05103108 11:04:51 AM .@Haestad Methods. Inc. 37 Brookside Road Waterbuly. CT 06708 USA +1-203-755-1666 Page 1 of 1 



worksheet 
Worksheet for Trapezoidal Channel 

- - 

Worksheet SC -Channel DS of Drop at Northern 

Flow Element Trapezoidal Channel 

Method Manning's Formula 

Solve For Channel Depth 

Inout Data 

Mannings Coefficient 0.030 
Channel Slope 0.000400 Wfl 
Lefl Side Slope 5.00 H : V 

Right Side Slope 5.00 H : V 

Bottom Width 150.00 fl 
Discharge 7.572.00 cfs 

- - 

Results 

Depth 
Flow Area 

Wetted Pen'meter 
Top Width 

- Critical Depth 
Critical Siope 

Velocity 
Velocitv Head 
Specific Energy 10.02 fl 
Froude Number 0.24 

Subcritical 

Project Engineer: Kirkham Michael Employee 
k:\..\h&h\flowmaster\ni~-south channef.fm2 . . Kirkham Michael Consultlna Ensineem . . . FlowMaster v7.0 17.00051 



0 0406919 - NIC-South Channel - 
Calculation of Freeboard 

(2) - From page 6-21 of Volume 2 Hydraulics Manual. 

(2) 

Freeboard Diff. 

Energy 
Grade 
Elev 

Station Min. 
Elev. 



Open Channels 

Freeboard: 

Required freeboaid is computed according to the following formula: 

v FB = 0.25(Y+-)  (6.10) 

. . . .  - . .  -. - 2g . - .  - . *  ., , . 

The minimum freeboard value for rigid channels shall be 1 foot for subcritical and 
2 feet for supercriticalflows. Using a smaller freeboard in specific cases requires 
prior approval of the governing agency. 

Additional freeboard may be called for in specific cases if aggradation is substantial 
during a single flow event. 

Low Flow Channels: For channels with grass or earth bottoms, it is recornmended that 
low flow channels (see Figure 6.1, page 6-8) be considered whenever the following 
condition exists: 

, . 

where V and Yare respectively, velocity and depth for the 100-year event. 
, .. 

The existence of frequent grade control structures may also preclude the requirement for 
compound channel sections; however, where grade control structures are used in 

: conjunction with low flawchmels, the hydraulic structure should bematched to pass 
flows within the low flow channel. 

. * 
... . .. ~~ 

~ . .. . . . 
Supercritical Flow: Supercritical flow in an open channel in an urbanized area creates 
certain hazards whichthe designer must take into consideration. From a practical 
standpoint, it is generally unwise to have any curvature in a supercritical channel. 
Careful attention must be taken to insure against excessive oscillatory waves which may 

1. -. extend down the entire length of the channel from only minor obstructions upstream. 
. .  , .  . . . .  , . :! . . . . . . I ., . . . . . . . . . - .  ,, . 

, In a s'Gpeetical chaimel, there shall be no change of cross-sectional shape or area at 
: bridges or culvetis. Bridges orother structures crosskg the channei must be anchored 

ii , satisfactorily to withstand. the full dynamic load. which might be imposed upon the 
. . s m t u r e  in the event of major trash plugging. Concrete linings must be protected from 

hydrostatic uplift forces which are often created by a high water table or momentary 
,inflow behind the lining. from localized flooding. 

January 28,1996 6-21 



A Outlet Drop Structure at Northern Avenue 

Flows from the Beardsley Wash and North Inlet Channel culverts converge just 
downstream of Northern Avenue. The North Inlet Channel Culvert is skewed at a 36 
degree angle from the section line at Northern Avenue. The total flow at the outlet side 
of Northern Avenue is 7,132 cfs. 

An 8-foot drop was selected for this location during a meeting with project team 
members in March. This drop would bring the bottom of the channel low enough to 
maintain 100-year flows within the channel banks. An additional 6 feet of drop would be 
obtained with two 3-foot grouted boulder drops in the channel at approximate stations of 
543t00 and 538t00. The combination of these three drop structures permits flows to be 
within channel banks on the east side without requiring additional filling. 

The concrete drop structure was sized as a straight drop weir. It would have 2-foot high 
steps that will produce a cascade effect for low flows through the structure. 

1) Flow velocities from the Northern Avenue boxes, as well as normal flow depths 
were taken from the CulvertMaster runs done in the NIC project. 

2) The width of the drop stmcture was established by extending the apron walls for 
the culverts under Northern Avenue. 

3) The length of apron in the drop structure was determined using a procedure 
outlined in Chow for vertical drop spillways. A spreadsheet was prepared to 
make the required calculations and determine the location where the hydraulic 
jump would occur (LD), the length of apron needed for the hydraulic jump (LJ), 
and the height of the hydraulic jump (Yz). An end sill would be constructed on 
the apron to provide positive control of the jump location. Once these dimensions 
were calculated, the dimensions of the drop structure could be developed. 

4) A preliminary analysis was made of a vertical drop structure with baffle blocks in 
the apron to obtain additional energy dissipation. That analysis showed that the 
length of the apron could be reduced by about 12 feet. However, the amount of 
concrete required for the baffle blocks was larger than the amount of concrete 
saved in the apron floor and walls. It was therefore decide to delete the baffle 
blocks. 

5) Riprap (D50 = 18") would be installed downstream of the drop structure to Station 
547+50 to prevent erosion of the channel bed and banks. 





,HYDRAULIC DESIGN -DROP STRUCTURE 
5/4/06 Project: NIC -South Channel Date: 

8' drop at Northern Ave. 

Lo . LJ 
n ' 

4 t L 
., . 

4 F 

Flow Rate - Q (cfs) 
Width of basin -W (ft) (add'l 6.1' for apron to wingwall) 
Height of drop - h (ft) 
Normal Depth -Yo (ft) From CulvertMaster Printout 
Velocity at normal Depth -Vo (fps) From CulvertMaster Printout 

q = W  F1= 
D=$/gh3 LJN2= (From Fig. 15-4) 

Ldlh=4.30(D)"." LJ= 

. Ld= L =. Lo + LJ 
;:;:, 

~ ~ l h = 0 . 5 4 ( ~ ) ~ . ~ ~ ~  ~=Yo+Vo"l2g 

Y,= Yc=213H 
y2/h=1 .66(~)O." End sill ht = .4Yc 

Y2= Sidewall Ht above Y2 = .85Yc 

YzN,= 

. - 

i 
j 

L 

~,~*&, 
I' . , Wf. 1Sh Iar+ iu tmm aB. sc-t depdh pa of jampa in horiuaatd channels. 

' 

(&-RIP an daia &d ~'=WW#~~&'O?M 0f if.8. E U ~ R ~ G  O# &%~ht&n rn8.1 

5/4/2006 . . northern - 817 drop 7132cfs.xls 



HYDRAULIC DESIGN - DROP STRUCTURE - WIBaffle Blocks 
Project: NIC - South Channel Date: 511 0106 

i. Option: 

Northern Ave. -Drop Structure for Wash 

Flow rate - Q (ds) Normal depth - YO (fl) 
Width of basin - W (ft) Velocity at normal depth - VO (fps) 
Height of drop - h (ft) 

Specific Head H = YO+VO' /~~ 
Critical depth Y c  = 2/3H 
Min. ht for Tw depth Y3 = 2.15Yc 
Min. ht forTw below crest h2= -(h-Yo) 

' 

. Location of Floor to crest Ho = (h2-Y,) 
hoNc = 
h2Nc = 
Lf = ((-.406+((3.195-(4.368*(ho~c))).~)~c 
Lt = (-0.406+(3.195-4.3688h~~c)~~)*~c 
L W c  = 
Ls = [0.691+0.228(~tNc)~-(ho~c)]^~c/[0.185+0.456(~~c)] 
L, = (Lf+Ls)R 
L2 = 0.8-Yc ' , ' 

L, = 1.75Yc (min) 
LB = LI+L2+L3+(2.55'Yc) 

hb = height of block = 0.8Yc 
W b  =width of block = 0.4Yc 
Sb = spacing of blocks = 0.4Yc 
he = height of end sill = 0.4Yc ',d h,, - - height of side wall above tailwater = 0.85Yc 

SW = sidewall height = h, + Y3 

Based on FHWA-HEC No. 14 I 
511 012006 northern - wash outlet aft drop wbaffie-7132& 
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HYDRAULIC DESIGN - DROP STRUCTURE 
Project: NIC -South Channel Date: 6/8/06 

8' drop at Northern Ave. 

4 
LD .- LJ 

4 
L 

n 
:I 

7132 Flow Rate - Q (cfs) 
92 Width of basin -W (ft) (add'l6.l' for apron to wingwall) 
8 Height of drop - h (ft) 

4.5 Normal Depth -Yo (ft) From CulvertMaster Printout 
21 Velocity at normal Depth - Vo (fps) B From CulvertMaster Printout 

q=QW F,= 
D=q'/gh3 LJN,= (From Fig. 15-4) ,, :ci1=4.3O(D)"~" LJ= 

/'! L = L, + LJ <::., 
~ , l h = 0 . 5 4 ( ~ ) ~ - ~ ~ ~  H=Yo+VoLI2g 

Y,= Yc=2/3H 
Y2/h=1 .66(~)O.~' End sill ht = .4Yc 

Y2= Sidewall Ht above Y2 = .85Yc 
Y2N,= 

" " 

F, 'Wm, 
i' 

Ptd, 114. Iaz&k irr  knr- oP eequent depth y, of jumpl in boriarrntsl channel& 
(Bhtd on &&*ad rscananrc%iuPdum of U.9. Bureau of Ra~lanxadaon 1341.3 

6/8/2006 nolthern - 8fl drop 7132cfs-060806.xls 









Culvert DesignerIAnalyzer Report 
Northern Ave (Diversion Structure) 

Design:Trial-2 

Solve For: Headwater Elevation 

Culvert Summaly 

Allowable HW Elevation N/A ft Storm Event Design 

Computed Headwater Elevi 1,22786 R Discharge 1,600.00 cis 

Headwater DepthHeight 1.53 Tailwater Elevation 1,221.18 R 
Inlet Control H W  Elev. 1,227.66 R Control Type Inlet Control 
Outlet Control HW Elev. 1.227.13 R 

Grades' 

Upstream Invert 1,220.00 R Downstream Invert 1,217.75 R 
Length 336.00 R Constructed Slope 0.006696 Wfl 

Hydraulic Profile 

Profile 52 Depth. Downstream 3.57 R 
Slope Type Steep Normal Depth 3.52 ft 
Flow Regime Supercritical Critical Depth 4.45 R 
Velocity Downstream 14.93 Ws Critical Slope 0.003500 IUR 

:.:.v ,-:,.. 
<::, :. 
.L;- Sec!lon Shape BOX Mannings Coefficient 0.013 

SecUon Material Concrete Soan 10.00 fl 
Section Size 1 0 x 5 R  Rise 
Number Sections 3 

Outlet Control Propeities 

Outlet Control HW Elev. 1,227.13 R Upstream Velocity Head 2 2 3  R 
Ke 0.20 Entrance LOSS 0 45 R. 

lnlet Control Properties 

Inlet Control HW Eiev. 1.227.66 ft Flow Control NIA 
Inlet Type 90' headwall w 45' bevels Area Fuii 1 5 0 0  R' 
K 0.49500 HDS 5 Chart 10 
M 0.66700 HDS 5 Scale 2 
C 0.03140 Equation Form 2 
Y 0.82000 

k : L . . v l 8 h ~ u l v e r t m a s t e r I n i ~ - d i ~ e ~ ~ l o n s . ~ ~ m  Kirkham Michael 
10/20/05 04.2736 PM m H=-~t=rl nlnthnAr in.- 17 srnnk,:~.- ---A > n r - ~ - . ~ . . . . .  rr ---nn I ir- 

Pr3ject Eng'neer Engineer 
CuiverMaster v3.u [3.OC03j 

. . . 
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the curve in Fig. 15-16c with 
< 36.9 = 154 ft. 
s recommended are D,; thus the 
ed sill is 0.2D1, or 7 f t  5 in., and 
or 6 ft 6 in. 

= 2.5 to 4.5, an oscillating 
generating a wave that is' 
I V  (Fig. 15-17) is designed 
we a t  its source.' This is 

3ureau of Reclamation (341.) 

HYDRAULIC JUMP AND ITS USE AS ENERGY DISSIPATOR 423 

15-15. The Straight Drop Spillway. The aerated free-falling nappe in 
a straight drop spillway (Fig. 15-18) will reverse its curvature and turn 
smoothly into supercritical flow on the apron. Consequently, a hydraulic 
jump may be formed downstream. Based on his own experimental data 

Fra. 15-18. Flow geometry of a straight drop spillway. b 3  

and those of Moore [40] and Bakhmeteff and Feodoroff [65], Rand [66] 
found that the flow geometry at straight drop spillways can be described 
by functions of the drop number, which is defined as 

where q is the discharge per unit width of the crest of overfall, g is the . . 
acceleration of gravity, and h is the height df the drop. The functicms, 
are . \ .  , 

Lrs in the upper portion of 
dected from large chute 

where La is the drop length, that is, the distance from the drop wsll to 
the position of the depth. yt; y, is .the pooldepthunder the nappe;: y~: 
ip the depth at the toe of the nappe or the beginning of the hydraulic - 

j;mp; and y, is the tailwater depth sequent to yl. The position bf the 
depth yl canbe approximately determinedby thestraight line ABCwhich. 
joins the point A on the apron a t  the position of yl; the point B on.the 
axis of the nappe at  the height of pool depth, and the'point Conthe axis' 
of the happe at the crest of the fall. The fact that these threepoints lie . - 

) substitute for basin IY,' 



H~DRAULIC JUMP AND I' 

to the belief that this disagreem 

On the basis of their experir 

15-5. Length of Jump. The length of a jump may be defined as the 
distance measured from the front face of the jump to a point on the surface 
immediately downstream from the rbller. This length cannot be deter- 
mined easily by theory, but it has been investigated experimentally by 
many hydraulioians.2 

. - s s ~ i ~ ~ P - 2 - ~ k i s - t h . e a  
?he position of a jump. For 2 



jump, but the downstream 
special flow conditions, such as the existence of supercritical .flow or the face remains smooth. T h  
presence of a control section so that .a gaging station may be located; throughout is fairly unifor 
(6) to mix chemicals used for water purification, and so forth [28]; (7) to may be called a weak jump 
aerate water for city water supplies; and (8) to remove air pockets from For F, = 2.5 to 4.5, there 
water-supply limes and thus prevent air locking [29]. to surface and back again a 

,This principle has been applied by Saugey I271 to an  interesting device known as 
fall inmeasel. The device is intended to increase the effective head in a water-power 1 For hydraulic jumps in tra 

plant during periods of flood by holding back tailwater from the outlet of the draft closed conduits, see (291 and l321. 

tube by a hydraulic jump. ! - 
see (331. 

. . 1 



Grouted Boulder Drop Structures 

The drop structures were located, analyzed and designed using a set of methods and 
checks with HEC-RAS and hand calculations as follows: 

1) Drop structures were located by evaluating the existing ground profile at proposed 
channel centerline and placing them such that the proposed channel would not be 
in a levee condition. 

2) The drop structures include two 3.0' drops. 
3) An iterative HEC-RAS analysis was performed to determine that a 65' 

constriction was needed to eliminate draw down and increasing velocities 
upstream of each drop crest. The constriction is sudden enough (1:l constriction 
into the main channel) to achieve the desired reduction in draw-down and 
velocities while also directing flow towirds the drop. 

4) The drop structure aprons and cutoff walls are configured to protect the structures 
from scour and seepage analysis done per Drainage design Manual. 

a. A hydraulic jump analysis was performed to determine the bottom apron 
length of the drop structures. Each drop structure size was modeled in 
HEC-RAS. The location of the hydraulic jump was identified from the 
HEC-RAS flow profiles and used to verify the design. 

5) A scour analysis was conducted to determine upstream and downstream cutoff 
walls and 18" dumped rip rap protection quantities for each of the drop structures. 

6) Seepage and uplift issues were checked using the methods set forth by the 
DDMMC and found to be within acceptable limits. 

~- 7) The boulder size analysis was calculated using a method used in the Colorado 
Flood Control District Manual. 



Maln Channel Distance (ft) 
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DROP STRUCTURE HYDRAULIC JUMP ANALYSIS 1 
n assessment can be made regnrd~nq;,_---_ _ . , ,, , --. - . . . . . .  - - -. . -  . 

, , t t s c  uIVy _YvlVII  ,-, IY.II .,-....--. .-. --..-.., \. ... --.-.- r) c o n E t h e  j~rnp.  
1 

. .  'r- . - 1 -  1 .- . -. .- . I 
1 I I I I I I 

:pth of jumps in sloping channels." ... Chow, Ven I,, -,,, . ,, .,. .. 23-429, 1959, 1988. 1 
I I I I I .. - c..~, nan+h Ictnnc. I 1 

......... .- -. 
Jump Length I 3) Obtain Uy2 value from Figure 15.21. 

4) Calculate L, L = y2*(Uy2). 
I I I . . . . . .  "er Drop I 

( Note ( 1 1 1 
11, ,=1, , ,  nhtlin-rl from HEC-RAS) 

I (value obtalned from HEC-RAS) I 
7 

&*! I I I I 
..... drop slope = 4:l) 

(value obtained from ~ i ~ u r e  15.21) 
(calculated) 

. 
(calculated) I 

x;. I ! 
I I I I I I 

I 



h 2 ' i y c  .: , . . . 

FIGURE IX-  A - 2 DESIGN CHART FOR DETERMINATION OF L1 - 
. , . . 

, , . .  . IX-A-6 

. , 



Seive Analysis 

Grain Diameter (mm) 



DROP STRUCTURE HYDRAULIC JUMP ANALYSIS 
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HYDRAULIC DESIGN - DROP STRUCTURE 
Project: NIC - South Channel Date: 6/22/06 

3' vertical drop in channel (Upstream Drop) 

b 
L 

L 

n 
b 

Flow Rate - Q (cfs) 
Width of basin -W (ft) 
Height of drop - h (ft) 
Normal Depth -Yo (ft) 
Velocity at normal Depth - VO (fps) 

From HEC-RAS Printout 
From HEC-RAS Printout 

F,= 
LJ/Y2= (From Fig. 15-4) 
L,= 
L = L, + L,, 
H=Yo+VoL/2g 

Yc=2/3H 
End sill ht = .4Yc 
Sidewall Ht above-Y2 = .85Yc 

F, ='&/a$ 
I' 

Fr$ 1.54. I.c~,gh In k m s  aP mqcleot depth ga # jamps in hariawW &rm@k. 
(Based m a  data. &d *mrnrd<zLirLiLrn* of U.8. B!rr&u a$ R&lunw*llurr f82.I-b 

811 612006 3 f l  vert drop 7132ds-062206.xls 



HYDRAULIC DESIGN -DROP STRUCTURE 
Project: NIC -South Channel Date: 811'6106 
Option: 3' vertical drop in channel (Downstream Drop) 

n 
b 

4 k 

Flow Rate - Q (cfs) 
Width of basin -W (fi) 
Height of drop - h (fi) 
Normal Depth -Yo (ft) From HEC-RAS Printout 
Velocity at normal Depth - Vo (fps) From HEC-RAS Printout 

q=QM 109.72 F,= 
13.85 LJN2= (From Fig. 15-4) 

L,= 

26.23 L = LD + LJ 
- H=Yo+Vo"12g 

Y1= Yc=2/3H 

Y2/h=1 .66(~)'.~' 3.38 End sill ht = .4Yc 
? y,= 10.13 . Sidewall Ht aboveY2 = .85Yc 

Y2Nl= 

. .. . 

! 

c, '~.d&, 
i mf. 16-4, IaWh ii~ +emu d m p m t  depslr '?(2 ob jBnl& in h~r.izmrts1 Elsands. 

[Bmd ma & md ~mmmrdnbiona @ U.S. B11tm~ njf Zr~iaaw!*iwi m4&I.) 

8/16/2006 3 ft vert drop 7132cfs-062206.xls 



Vertical Drop Structure and Stilling Basin 

Minimum Apron 
Length Needed Y 

Note: 
Spreadsheet is deslgned for veli~cal drop structures but has been adapted to determine minimum apron length for step side of lateral weir 
Minimum apron lengths are compared to overall wldth of step side of lateral weir to determine satisfactory design. 

Reference: Federal Highway Administration, Hydaulic Engineering Circular 14 - Hydraulic Design of Energy Dissipaters for Culveits and Channels, September. 1983. 

CHts Weir Apron Length& HEC-I4 Method 



HYDRAULIC STRUCTURES DRAINAGE CRITERIA MANUAL (V. 2) 

Design guidance presented in this section is developed for channels that operate at the brink of maximum 

criteria. They do not consider channel curvature, effects of other hydraulic structures, or unstable beds, 

all of which require detailed analysis. They do provide guidelines for initial sizing and reasonableness 

checking, but are not a substitute for comprehensive hydraulic analysis in the context of the entire 

waterway. . . 

2.4.2 Guidelines for Standard Grass-Lined Channel Droos 

Grouted sloping boulder drops and vertical hard basin drops are the primary types of drops for which a 

simplified design approach may be utilized for grass-lined channels. Other designs are available, but 

they are more limited in application and require an individual analysis. This section describes analysis 

tasks and guidelines for these two types of drops and presents specific minimum design criteria for each 

type. 

Photograph HS-%Example of stepped downstream face for a sloping boulder drop 
structure. Note'dissipation of energy at each step for low flow. 

. . 

2.4.3 Grouted S l o ~ i n q  Boulder DroDs 

This type of structure has gained acceptance in the ~ o c k y  Mountain region due to close p;oximity to high- 

quality rock sources, design aesthetics, and successful applications. The quality of rock used and proper *' grouting procedure are very important to the strudural integrity. There is no maximum height requirement 

. . for this type of structure; however, the rock sizing procedure is different for drops higherthan 5 feet: The 

HS-20 0112004 
Urban Dralnage & Flood Control D~strict 



DRAINAGE CRITERIA MANUAL (V. 2) HYDRAULIC STRUCTURES 

grouted sloping boulder drop is illustrated in Fiaures HS-7 and HS-8 

The drop is designed to operate with a hydraulic jump dissipator basin, although some energy loss is 

incurred due to the roughness of the grouted rock slope. Structure integrity and containment of the 

erosive turbulence within the basin area are the main design objectives. 

Photograph HS-&-Detail of the grouted sloping boulde; drop with a trickle channel 
section creating the sight and sound of cascading water. 

Grouted boulder drops should be constructed of uniform-size boulders having a minimum dimension as 

specified in Table MS4. All boulders are grouted in place to 50% of their height through the approach, 

sloping face, and basin areas of the drop. Fiaure HS-7 illustrates the general configuration of the GSB 

drop. It is important that the grout depth extends from the subgrade up to one-half of the nominal rock 

size, but under no circumstances higher than two-thirds of the minimum rock dimension. Requirements 

for the grout are given in the MAJOR DRAINAGE chapter of this Manual. Adequate seepage provisions 

are critical to the design success whenever drop height exceeds 5 feet. The following outlines the 

fundamental design steps with some additional guidelines. 

1. Hydraulics should be completed as described in Section 2.3 whenever the drop height exceeds 5 

feet. Otherwise, use critical depth to size the boulders, using the boulder sizing procedure 

described below. 

Rev. 0112004 
U b a n  Drainage & Flood Control District 



HYDRAULIC STRUCTURES DRAINAGE CRITERIA MANUAL (V. 2) 

Photograph HS-7-An overall view of the drop structure from the previous page is 
illustrated here to emphasize the opportunities available for creating an attractive urban 

hydraulic setting for the riparian corridor. 

2 Grouted boulders must cover the crest and cutoff and extend downstream through the energy- 

dissipating basin. 

3. The vertical cutoff should be located at the upstream face of the crest at a minimum depth of 

0.8Hd or 4 feet, whichever is higher. Evaluate specific site soils for use in seepage analysis and 

foundation suitability. 

4 The tr~ckle or low-flow channel should extend through the drop crest sect~on. Downstream, the 

trickle or low-flow channel protection should extend past the main channel protection, or large 

boulders and curves in the trickle or low-flow channel can be used in the bas~n area to help 

dissipate the energy. 

5 Grout thickness, D,, and rock thickness, D,, should be determined based upon a mlnimurn safety 

surplus net downward force of 30 pounds. The rocks must be carefully placed to create a 

stepped appearance, which helps to increase roughness. Minimum cr~teria for the simplified 

design process are referred to in step 3, below. 

6. The main stilling basin should be depressed 1 to 2 feet deep in order to stabilize the jump. A row 

01/2004 
Urban Drainage & Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 2) HYDRAULIC STRUCTURES 

of boulders should be located at the basin end to create a sill transition to the downstream invert 

elevation. It is advisable to bury riprap for a distance of 10 feet downstream of the sill to minimize 

any erosion that may occur due to secondary currents. 

7. Do not use slopes steeper than 4:l'. Slopes flatter than 4 : l  improve appearance while steeper 

slopes will reduce structure stability. With high public usage, flatter slopes will help mitigate 

reverse roller formation from higher tailwater depths that can cause submerged hydraulic jump 

formation. 

8. Simplified design criteria are provided in Table HS-4 for grouted sloping boulder drops. These 

criteria are valid only where the channel flow conditions meet criteria in the MAJOR DRAINAGE 

chapter. 

Table HS+Grouted Sloping Boulder Drops: Minimum Design Criteria for Grass-Lined 

Channels Meeting the District's Maximum Depth and Velocity Criteria 

Basin width-B I Same as crest width 

Trickle and low-flow zone I Install larqe boulders in center basin zone to break up high flow 

Drop Height (Hd) Greater Than 5 
Feet 

4H to 1V 

Use V, to size** 

%D, 
Do sequential depth analysis 

8 feet 

20 feet 
15 feet 

Design Parameter 

Maximum drop slope 

Minimum boulder depth 

Grout thickness-D, 

Basin depression 

Grouted rock approach-L. 

Basin length-Lb'* 

Erosive 

Non-erosive 

Use critical velocity in low-flow and main channels to size boulders. 

" Use drawdown velocity at fId to size low-flow and main channel section boulders. 

Drop Height (H,) 5 Feet or 
Less 

4H to 1V 

Use V, to size* 

%D, 
2 feet 

8 feet 

20 feet 
15 feet 

. - 
provisions 

Sizing of boulders for the simplified grouted sloping boulder procedure is based on the following' 

Trickle zone protection width 
below drop 

Other provisions 

1. This procedure can be used only for channels designed using the specified maximum velocities 

and depths for grass-lined channels in this Manual (see the MAJOR DRAINAGE chapter). 

36, or b2 (whichever is smaller; see Fiaure HS-7) 

A buried riprap zone should be installed for 2Hd (10 feet minimum) 
downsiream of the basin 

,m 2. For drops of 5 feet or less in height, use the UD-Channels S~readsheet to determine the 100- 

Rev. 0112004 
Urban Drainage 8 Flood Control District 
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year critical velocities in the low-flow channel and the main channel to size boulders for each 

section. 

3. For drops greater than 5 feet in height, determine the critical velocities using drawdown 

calculations to establish the 100-year flow depth at the toe of the drop. 

4. For a composite channel, find critical velocity, V,, for the channel cross-section segment outside 
the low-flow section. 

5. For a composite channel, find cr~tical velocity, V,,, for the !ow-fiow channel cross-section 

segment. 

6. For a simple trapezoidal or wetland bottom channel, find critical velocity, V,, for the channel cross 

section. 

7.  Calculate rock-sizing parameter, R,, for the channel cross-section segment the low-flow 

section or for a simple trapezoidal channel section using the critical velocity estimated for this 

segment of the cross section: 

in which: 

S = longitudinal slope along direction of flow in ft/ft 

S, = Specific gravity of the rock. Assume 2.55 unless the quarry certifies higher specific gravity. 

8. Calculate rock-sizing parameter, R p ~ ,  for the channel cross-section segment the low-flow 

section using the critical velocity estimated for this segment of the cross section: 

9. Select minimum boulder sizes for the segments within and outside the low-flow channel segment 

of the channel crosssection from Table HS-5. If the boulder sizes that result for the low-flow 

channel and the overbank segments of the cross section differ, decide to use only the larger 

. . 
sized boulders throughout the entire structure, or to specify two sizes, namely, one for'the low- 

flow channel and the other for the overbank segments of the crosssection. Consider the 

complexity of specifying two different sizes on the design drawings and in the construction of the 

structure before deciding. 

10. All boulders shall be grouted in accordance with the guidance in the MAJOR DRAINAGE chapter 

Urban Drainage B 
0112004 

Flood Control District 



DRAINAGE CRITERIA MANUAL (V. 2) HYDRAULIC STRUCTURES 

of this Manual. 

11. All grouted boulders above the low-flow channel shall be buried with topsoil to a depth of 4 inches 

above the top of the highest boulder and the surface vegetated with native grasses on the 

overbank bench and native grasses and dry-land shrubs on the overbank channel's side slopes. 

Table HS-5-Boulder Sizes for Various Rock Sizing Parameters 

I Rock Sizing Parameter, Rp I Minimum Dimensions of Boulder, D, / Boulder Classification 

I Less than 4.50 1 18 inches I 818 1 
4.50 to 4.99 

5.00 to 5.59 

2.4.4 Vertical Hard Basin Drops 

The vertical hard pasin drop is a generalized category that can include a wide variety of structure designs. 

However, the vertical hard basin drop is to be avoided where practical due to impingement energy, 

.go related maintenance, and turbulent hydraulic potential under some flow conditions (ASCE and WEF 

. .. 1992). A variety of components can be used for both the hard basin and the crest wall. Various 
. . . .  . . . .  

contraction effects can be implemented to reduce approach velocities, and different trickle or low-flow 

channel options can be selected. Maximum drop height across the structure is limited to 3 feet for safety 

considerations. 

24 inches 

6.40 to 6.99 

The hydraulic phenomenon provided by this type of drop is a jet of water that ovefflows the crest wall into 

the basin below. The jet hits the hard basin and is redirected horizontally. With sufficient tailwater, a 

hydraulic jump is initiated. Otherwise, the flow continues horizontally in a supercritical mode until the 

specific force of the tailwater is sufficient to force the jump. Energy is dissipated through the turbulence of 

the hydraulic jump; therefore, the basin is sized to contain the supercritical flow and the erosive turbulent 

zone. 

Generally, a rough basin is advantageous since increased roughness will result in a shorter, more 

economical basin. Fiaure HS-9 shows a vertical drop with a grouted boulder basin. The rock-lined 

approach length ends abruptly at a structural retaining crest wall that has a nearly rectangular cross 

section and trickle channel section. 

824 

30 inches 

Rev. 0112004 
Urban Drainage 8 Flood Control District 

630 

5.60 to 6.39 

42 inches 842 

7.00 to 7.50 

36 inches 836 

I 48 inches 848 
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DROP STRUCTURE PLAN ' Y -m MRIPIOSMSOILP 
KR Y I > ~ I ~ R N O K E R O S I V Z Y I I I B  -.- - . 

DROP STRUCTURE PROFILE A 
ma 

Figure HS-7Al-Grouted Sloping Boulder Drop With Trickle Channel (Figure I of 4) 

Rev. 0112004 
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DROP STRUCTURE PLAN . Lb.2O.FOR 6ROSIYE mu 
ib I3 'FOR NONEROl lVs SOILS 

*TJ 
%rMIW.GRWTEO 

PLOW C","KB-m8,u * BOULOER8 N T H  RIPIUPTO 
PRNENlsUULeI IROCI 
WDlOPS0,LlRDY 

LOWPLDWC**NYEL 
IIMRTTLW.bTCRLST 

OEPmVUliE 
8TEsECnOH 

DROP STRUCTURE PROFILE A 
",a 

Figure HS-7B1-Grouted Sloping Boulder Drop With Low-Flow Channel (Figure 1 of 4) 

Rev. 0112004 HS-51 
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TOP OF 
ROCKELEVATION 

OETERMINEDB*SEOUWN 
GEOiECHNlCALiNVESTlWTIDNS AVO 
SEEPAGE U*UYS18. IN M E  ABSENCE 

SEEPAEE CUTOFF 

M I  SEEPSE W Y S I S .  8E 
S E E P A G E C ~ O F F D E I U L ~  

SEEPAGE CUTOFF SECTION 
Nrn 

TYPICAL DROP FACE SECTION 
UTS 

DROP STRUCTUREO. 

UNIISTURBEOQDIL 
OIICOMP*CTEO 

UITERUL TYPICAL DROP BASIN SECTION AND SILL 
"TS 

Figure HS-762--Grouted Sloping Boulder Drop With Low-Flow Channel (Figure 2 of 4) 

01/2004 
Uban Drainage & Flood Control District 



DWINAGE CRITERIA MANUAL 0/. 2) HYDRAULIC STRUCTURES 

-u- 
>?MN 

SEEPAGE CUTOFF DETAIL 
Mm 

CNOKPEIIIOR*TLDUTER*lslPEI 

" U E R  COUSIRUCTION SPACE0 ,O.oc.. wuuuu. rroPr*r,* 
mOAnleWTATWIM CHANNEL LLLLL 
ELEVmON. PIPEUONULNTWIBECULVEO 
JYeHnlmHTB-UI  BOULDSSS. 

~ .M~N.TMICXNEIS~PIOIL 
COYERIBOVE WWrloWCIUNNa .- 
O P H l l l O l  BYULOERS 

B"R160wmuT"TL" 
OUPACTEO lKSlT" 80115 

TRl lPiPEENOTO 
U,NIUIIEPROTRY610" 

U I G Y U R  ROCKTO PRWEHT 

CPERFORITSDLUNIIOLO 
PlPE PROVIOE4.TEEI 

TOUmRUPIPEB.U IOE I IO  
W S A S  REOUIRED IIESERTOPUN. FILTER%mRLL UINIMUMG qlCINESSIYRROUNOINOPlFl  

8"SIEUAIIILPOI"TS 

WEEP DRAIN SYSTEM DETAIL 

GROUTED BOULDER PLACEMENT DETAIL 
ma 0 

Figure HS-763--Grouted Sloping Boulder Drop With Low-Flow Channel (Figure 3 of 4) 
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GROUT NOTES 
- 

  ate rial Specifications 

1. Ali grout shall have a minimum 28-day 
compressive strength equal to 3200 psi. 

2. One cubic yard of grout shall have a 
minimum of six (6) sacks of Type II Portland 
cement. 

3. A maximum of 25% Type F Fly Ash may be 
substituted for the Portland cement. 

4. For Type A grout, the aggregate shall be 
comprised of 70% natural sand (fines) and 
30% 3/a -inch rock (coarse). 

5. For Type B grout, the aggregate shall be 
comprised of ?4 -inch maximum gravel, 
structural concrete aggregate. 

6. Type B grout shall be used in streams with 
significant perennial flows. 

7. The grout slump shall be 4-inches to 
6-inches. 

Placement Specifications 

1. All Type A grout shall be delivered by means 
of a low pressure (less than 10 psi) grout 
pump using a 2-inch diameter nozzle. 

2. All Type B grout shall be delivered by means 
of a low pressure (less than 70 psi) concrete 
pump using a 3-inch diameter nozzle 

3. Full depth penetration of the grout into the 
boulder voids shall be achieved by injecting 
grout startlng with the nozzle near the bottom 
and raising it as grout fills, while vibrating 
grout into place using a pencil vibrator. 

4. ARer grout placement, exposed boulder faces 
shall be cleaned with a wet broom. 

5. All grout between boulders shall be treated 
with a broom finish. 

6. All finished grout surfaces shall be sprayed 
with a clear liquid membrane curing 
compound as specified in ASTM C-309. 

8. Air entrainment shall be 5.5%-7.5%. 7. Special procedures shall be required for 
grout placement when the air temperatures 

9. To control shrinkage and cracking, 7.5 are less than 40°F or greater than 90°F. 
pounds of Fibermesh, or equivalent, shall be Contractor shall obtain prior approval from the 
used per cubic yard of grout. design engineer of the procedures to be used 

for protecting the grout. 
10. Color additive in required amounts shall be 

used when so specified by contract. 8. Clean Boulders by brushing and washing 
before grouting. 

Figure HS-764-Grouted Sloping Boulder Drop With Low-Flow Channel (Figure 4 of 4) 

01/2004 
Uban Drainage & Flood Control District 



Sidewash Drop Structurese 

Seven drainage areas were identified as flowing into the South Channel. Due to the depth 
of the proposed channel, a structure was needed to safely convey flows from these 
sidewashes into the South Channel without causing side wall or channel bottom erosion. 

Three methods were investigated for these drop structures: 1) culverts, 2) riprap, and 3) 
reno mattresses. Preliminary analyses indicated that the riprap drop structures would be 
the least costly and the easiest to maintain. 

1) Flows for watershed's 6 and 7 were taken from the HEC-1 model used for this 
project. That model showed a combined flow of 1,222 cfs for these two drainage 
areas combined. Using a ration of their drainage areas, the design flows selected 
for each wash were 1,000 and 222 cfs for 6 and 7, respectively. 

2) Flows for Sidewashes 1 to 5 were calculated using the rational formual since all 
had drainage areas less than 160 acres. 

3) The grouted boulder drop structures were sized to have a total flow depth of 2- 
feet, 4:l side slopes, riprap areas at the top and toe of slope, and grout cutoff walls 
sized from the scour analysis surrounding the perimeter of the side to prevent 
South Channel flows from undermining them. 

4) A range of bottom widths were analyzed for each structure using FlowMaster. 
Due to the bottom slope of each drop structure (varies from 5:l to 7:1), the 
calculated normal flows on each sloping structure would be less than 1-foot. 

5) Riprap sizing was done for each bottom width to determine where break points 
between riprap diameters occurred. The sidewash grouted boulder drop structures 
are designed with 18-inch, 24-inch or 36-inch riprap. A scour analysis determined 
a length and depth for dumped rip rap protection at each side wash. 

6) The access roads would swing west, away from the top of slope at each sidewash 
crossing. The roads would be the same through the sidewashes - 4" ABC 
covered by 2" decomposed granite. An analysis of the flows in the natural 
sidewash channels was made to verify that velocities would be low enough to 
prevent erosion of the maintenance road. 

7) Each drop was analyzed using the procedures in HEC-14 for sloping spillways to 
determine the length of apron needed at the toe of slope to prevent erosion. The 
spreadsheet used for this analysis showed that the apron lengths needed range 
from 5 to 17 feet. 
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Project: White Tanks FRS#3 North Inlet Channel 

Project Location: Township 283 North. Range 2 West I 
Date: 7/28/2005( Updated on:/ 7/28/2005 By: JKK 

, a" 1 d." I a," I " . l D  .- I 

I i 10 7.0 6.9 0.14 I 9 ( iterate j 
, . .-. I I- , 

3 1 9 I 7.3 1 7.2 I 0.14 9 1 okay I 7.2 1 
I I I I 

Iteration 
3 

Tc assumed 
(minutes) 

4 n 

P>,= 
Corresponding 100-yr 

i, (from Figure 3.2) 
,tpKatn ?n r n  

2.05 
Adjusted i 

(equation 3.3) 
p-ppp-pp 

c n A,. 

inches (from tlgure 2.4) 
Tc calculated / Tc calculated 

(hours) / (minutes) Notes 
Correct rainfall 

intensity 







pp 

L (miles)= 0.2731 m b (from Table 3.1, Type C) 
I Kb (watershed coeff)= 0.12 -0.025 0.15 I 

S (feet per mile)= 76.9 Elev Hi= 1231 Elev Lo= 1 2 21 0 

I I I I I i (inches per hour)=)(see iteration below) I 1  
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NIC- So # Channel 
Summary of Scour Analysis Results 

Side Wash 7 

'see "Scour" section at beginning of this notebook for, 
specifics of equations and calculations. 

Reference: Pemberton, Ernest L, and Joseph M. Lara, "Computing Degradation and Local Scour", 
Technical Guideline for Bureau of Reclamation. Denver, Co., Jan 1984. 

State Standard 5-96 Watercourse System Sediment Balance (September 1996) 

Drainage Design Manual for Maricopa County, AZ Hydraulics Manual 

Drainage Design Manual for Maricopa County, A 2  Draft Hydraulics Manual 

FHWA. Hydraulic Design of Energay Dissipators for Culvert and Channels. July 2006 

ADWR Design Manual for Engineering Analysis of Fluvial Systems. 1985. 

I12312007 Summary of Scour Results Sidewash Scour Analysis.xls 
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Rip Rap Protection Sizing 





Side Wash 2- Station 516+10 
Worksheet for Trapezoidal Channel 

Prolect Descr~pt~on 

Worksheet S~de  Wash 1 8 i 
Flow Element Trapezo~dal Cha 
Method Mannlng's Form1 

Solve For Channel Depth 

Inout Data 

Mannings Coeffic 0.060 
Channel Slope 167000 Wft 
Left Side Slope 4.00 H : V 

Right Side Slope 4.00 H : V 
Bottom Width 2.00 ft 
Discharoe 7.00 cfs 

Results 

Depth 

Flow Area 
Wetted Perim~ 
Top Width 
Critical Depth 

Critical Slope 
Velocity 
Velocity Head 
Specific Enerc 

Froude Numb, 1.44 
Flow Type iupercritical 

Project Engineer: Kirkham Michael 
k:L..\sidewashes\grouted bouider\sidewashe~.fm2 Kirkham Michael Consulting Engineers FlowMaster v7.0 [7.0005] 
01/23/07 07:55:56 AM @ Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA +I-203-755-1666 Page 1 of 1 



Side Wash 3 - Station 518+62 
Worksheet for Trapezoidal Channel 

Project Description 

Worksheet Sidewash 3 
Flow Element Trapezoidal Cha 

Method Manning's Form1 

Solve For Channel Depth 

input Data 

Mannings Coeffic 0.060 
Channel Slope 167000 ftlfl 
Lefl Side Slope 4.00 H : V 

Right Side Slope 4.00 H : V 
Bottom Width 2.00 fl 
Discharae 15.30 cfs 

Results 

Depth 0.63 fl 
Flow Area 2.8 fl' 
Wetted Periml 7.16 fl 
Top Width 7.01 fl 
Critical Depth 0.77 fl 
Critical Slope 0.069198 Wfl 
Velocity 5.43 ftls 
Velocity Head 0.46 fl 
Specific Energ 1.08 fl 
Froude Numb, 1.51 
Flow Type jupercritical 

Project Engineer: Klrkham Michael 
k:\ ... \sidewashes\grouted boulder\sidewashes.fm2 Kirkham Michael Consulting Engineers FlowMaster "7.0 17.00051 
01/23/07 07:56:49 AM O Haestad Methods. lnc. 37 Brookside Road Waterbu~,  CT 06708 USA +?-203-755-1666 Page 1 of 1 



Side Wash 4 - Station 522+29 
Worksheet for Trapezoidal Channel 

,a Project Descr~ption - 
Worksheet Sidewash 4 
Flow Element Trapezoidal Cha 

Method Manning's Form, 

Solve For Channel Depth 

-- 

Input Data 

Mannings Coeffic 0.060 
Channel Slope 143000 Wfl 
Lefl Side Slope 4.00 H : V , 

Right Side Slope 4.00 H : V 

Bottom Width 8.00 fl 
Discharoe 46.00 cfs 

Results 

Depth 
Flow Area 

Wetted Periml 
Top Width 
Cr~tical Depth 
Critical Slope 

Velocity 
Veloclty Head 
Specific Enerc 
Froude Numbs 1.48 
Flow Type Supercritical 

k:\ ... \sidewashes\srouted boulder\sidewashes.fm2 Kirkham Michael Consulting Engineers 
Project Engineer: Kirkham Michael 

FlowMaster v7.0 [7.0005] 



Side Wash 5 - Station 528+29 
Worksheet for Trapezoidal Channel 

Project Description 

Worksheet Sldewash 5 
Flow Element Trapezoidal Cha 

Method Manning's Form1 

Solve For Channel Depth 

Input Data 

Mannings Coeffic 0.060 
Channel Slope 200000 WR 
Lefl Side Slope 4.00 H : V 

Right Side Slope 4.00 H : V 

Bottom Width 2.00 R 
Dischame 13.00 cfs 

Results 

Depth 
Flow Area 
Wetted Perim~ 
Top Width 
Critical Depth 
Critical Slope 

Velocity 
Velocity Head 

Specific Eners 
Froude Numb, 1.63 ,a F b w  Type iuperchtical 

Project Enginekr: Kirkham Michael 
k:\ ... \sidewashes\grouted boulder\sidewashes.fmZ Kirkham Michael Consulting Engineers FlowMaster "7.0 [7.0005] 
01/23/07 07:58:18 AM O Haestad Methods, lnc. 37 Brookside Road Waterbury. CT 06708 USA +I-203-755-7666 Page 1 of 1 



Side Wash 6 - Station 532+50 
Worksheet for Trapezoidal Channel 

Project Description 

Worksheet Sidewash 6 
Flow Element Trapezoidal Cha 
1 
Method Manning's Form, 
Solve For Channel Depth 

Inout Data 

Mannings Coeffic 0.060 

Channel Slope 200000 Wfl 
Lefl Side Slope 4.00 H : V 
Right Side Slope 4.00 H : V 

Bottom Width 110.00 fl 
Discharge ,000.00 cfs 

Results 

Depth 
Flow Area 
Wetled Periml 
Top Width 
Critical Depth 

Cntical Slope 
Velocity 
Velocity Head 
Specific Enerc 

Froude Numb, 1.90 
Flow Type jupercritlcal 

Proiect Ensineer: Kirkham Michael 
k:\ . .  bldewasnes\grouled bouloerbidewilshes fm2 Kirkham Michael Consu8ting Engineers F uwMas1t.r "7.0 [7.00051 
01123107 07,5910 AM Q Haestaa Mcthods. Inc. 37 Brooks;ue Road Warero~v. CT 06708 USA tl-203-755-1666 Page 1 of 1 



A Project Descr~pt~on 

Worksheet Sldewash 7 

Flow Element Trapezoidal Cha 
Method Manning's Form1 
Solve For Channel Deoth 

Input Data 

Mannings Coeffic 0.060 
Channel Slope 167000 Wfl 
Lefl Side Slope 4.00 H : V 
Right Side Slope 4.00 H : V 
Bottom Width 22.00 fl 
Discharge 222.00 cfs 

Results 

Depth 
Flow Area 
Wetted Periml 
Top Width 
Critical Depth 
Critical Slope 
Velocity 
Velocity Head 
Specific Enerc 

0.96 ft 
24.8 C 

29.92 fl 
29.69 fl 

1.35 fl 
0.051140 Wfl 

8.94 W s  
1.24 fl 
2.20 fl 

Froude Numb, 1.72 
Flow Type jupercritical 

Side Wash 7 - Station 535+70 
Worksheet for Trapezoidal Channel 

k:\..\sidewashes\grouted boulder\sidewashe~.fm2 Kirkham Michael Consulting Engineers 
Project Engineer: Kirkham Michael 

FiowMaster "7.0 [7.0005] 
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Sidewash D r o ~  Structures 

Notes: 
1. Spreadsheet is designed far vertiai dmp smcblres but has been adapted to determine minimum apmn length for step side of lalerai weir. 

Minimum apmn iengms aremmpared to overailwidm of atep side of lateral weir to determine satisfaaory design. 
2. The height of dmp (10') is me drop from me maintenance road to Vle channel invert The pornon of me sidewash drop above Vle mad is at me same slope as the portion below. 

Ajump will oaur afme maintenance road, butwiii be drowned out by flaws in me dannei and enemy lortin the drop to me channei invert 
The maintenance roadwill be gmuted reno mattress at Vle sidewash dmp, which will withstand the velodtier at mat location. 

Reference: Federal Highway Adminismtion. Hydraulic Engineennu Cimlsr 14 -Hydraulic Design af Enew Dirsipatorr for Cuiveflr and Channels, Seplember . 1983 
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Scour Analysis Summary 

The purpose of this scour analysis was to determine the amount of erosion protection 
needed at each hydraulic structure based on soil and flow data and hydraulic structure 
geometry. 

Hydraulic parameter output from HEC-RAS v 3.1.3, a river analysis system from the 
Hydrologic Engineering Center of the U.S. Army Corps of Engineers, was used as input 
to many of the following scow component equations. 

Soil data was provided in Ninyo &Moore's Geotechnical Evaluation report (dated March 
2,2005). A D50 grain size was estimated from the bore hole classifications assessed at 
the bore hole depths of elevations equal to the planned channel elevations after 
excavation. Two bore locations (l3-3 and B-6) on the North Inlet Channel had the same 
soil classification at the depth of the planned channel elevation (about 20 ft) and at the 
depth Ninyo and Moore prepared a gradation test for (0-5 ft). It is assumed that because 
these locations have the same soil classification, they would have the same grain size 
distribution curve shape. Using the estimated D50 grain sizes at 20 ft of depth (equal to 
the planned excavated channel elevation) a grain size gradation curve was fit to parallel 
the curves generated by Ninyo and Moore. The same was done for the bore locations on 
the South Channel (B-9 and B-10). From these new curves, D90 and D85 valucs were 
determined. 

(a The general procedure for estimating scour was based on the Maricopa County Flood 
Control District's (MCFCD) Drainage Design Manual: Volume 2-Hydraulics. Six scour 
components were calculated and added together with a safety factor to achieve the 
toedown for the channel bank protection. 

Low flow incisement, bed form, and bend scour depths were calculated following the 
Draft MCFCD 2003 Hydraulics Manual (Chapter 10). Because low flow incisement 
varies from one to more than two feet, a standard value of 1.5 feet was used throughout 
the analysis for a low flow incisement depth. HEC-RAS output values of Froude number 
and hydraulic depth were used in the bed form calculations to determine whether to use 
dune height or antidune height at each structure. Zeller's bend scour equation was 
calculated and compared to the USBR general scour methods of Neil1 (1 973), Lacey 
(1930) and Blench (1969), but it was decided that the channel was straight enough that 
the bend scour component could be omitted from the total scour computation for this 
channel. 

Long term scour was calculated using the method from the State Standard 5-96: Water 
Course System Sediment Balance. Because the hydraulic structures were designed for 
permissible slope velocities, the long term scour component of the recommended total 
scour was omitted in all structures under analysis, with the exception of the farthest 
downstream grouted boulder drop of the South Channel. The recommended total scour 
depth for this boulder drop structure included long term scour because it the last structure @ in the channel, and therehre most likely susceptible to long term scouring. 



Four methods for determining general scour were calculated and the most appropriate 
equation was selected. The results of the Neill (1973), Lacey (1930) and Blench (1969) 
Equations from the U.S. Bureau of Reclamation Manual (1984) were compared to the 
results fiom Zeller's Equation from the MCFCD 2003 Hydraulics Draft. A FlowMaster 
analysis was conducted to determine the bankfull unit discharge (qi) for the Neill 
equation. The largest value from the four methods was chosen to be added to the 
recommended scour equation. 

Local scour was calculated for the box culvert at Olive Avenue using the FHWA HEC-14 
(1983) method referenced by the MCFCD Hydraulics Manual. The energy dissipater 
downstream scour that happens immediately below the grouted boulder drop structures 
located in the North Inlet Channel and the South Channel was calculated for each 
structure using an average of the Schoklitsch (1932) and Zimmerman and Maniak (1967) 
equations from the U.S. Bureau of Reclamation Manual (1984). In agreement with the 
~ i o o d  Control District, the Veronese (1937) equation was discarded as inappropriate for 
the recommended total scour calculation because it does not consider specific soil 
parameters. Due to the design of the concrete outlet apron of the box culvert at Northern 
Avenue, the energy dissipater downstream scour method was used instead of the HEC-14 
culvert method to calculate the local scour to occur at this hydraulic structure. 

The six scour components were then added together and adjusted with a factor of safety 
of 1.3 to obtain a total scour depth for each hydraulic structure. After conversations with 
the MCFCD, it was agreed upon to omit general scour in the recommended total scour 
equations because the design of the hydraulic structures includes a grouted rip rap stilling 
basin that is over designed to withstand local scour. This also reduces the overall cost of 
the additional scour protection. 

Also in agreement with the MCFCD, instead of burying the riprap to the full 
recommended toedown depth, the launchable riprap approach will be utilized for scour 
protection. The idea is that if erosion occurs, the riprap will automatically form the 
toedown as the dirt is eroded. In this approach, the volume of launchable riprap is equal 
to the recommended total rip rap protection volume for the toedown design, but the 
geometry of the volume is adjusted. This method is from the MCFCD Hydraulics 
Manual. 

Upstream cutoff wall depths for each of the hydraulic structures were calculated by 
adjusting the long term scour at each structure by a factor of safety of 1.3. Downstream 
cutoff wall depths were calculated by adjusting the averaged recommended local scour 
values by a factor of safety of 1.3. 
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NIC 0 
Summary of Scour Analysis Results 

Location 

'see "Scour" section at beginning of this notebook for 
specifics of equations and calculations. 

Reference: Pemberton. Ernest L, and Joseph M. Lara, "Computing Degradation and Local Scour", 
Technical Guideline for Bureau of Reclamat~on, Denver, Co.. Jan 1984. 1 

i 
State Standard 5-96 Watercourse System Sedlment Balance (September 1996) 

Drainage Design Manual for Mancopa County, AZ Hydraulics Manual 

Drainage Design Manual for Maricopa County, AZ Draft Hydraulics Manual 

FHWA. Hydraulic Design of Energay Dissipaton for Culvert and Channels. July 2006. 

ADWR Design Manual for Engineering Analysis of Fluvial Systems. 1985. 
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Grouted Boulder Drop Structures: 

Culvert Outlet: 

FCD Hydraulics Manual Equation 5.22: Rip Rap Apron Dimension Protection at Culvert Outlets 
I I ~ A I  > n~:, I 

,.". IIaLI I \ ' Y  L" ,11, 

NIC Olive tn Northern. Culvert Outlet 1204+56.34 1 5.821 51 145.89 

FCD Hydraulics Manual Equation 5.21: Rip Rap Apron Dimension Protection at Culvert Outlets 
[Station ITailwater ID12 (TW < Dl2 

Location INO. I (fi) l(fi) ILa (ft) 
NIC Ol~ve to Northern: Culvert Outlet 1204+56.34 1 5.821 51 115.54 
****This Equation was used because the TW and Dl2 were so close in value, and because the rip rap 

I used is already a consewative choice. 

FCD Hydraulics Manual Equation 5.25: Rip ~ a p  Apron Stone Size at Culvert Outlets 
I IStatinn ITailwater ID IQ d50 
-- -- .. - . . . I V Y  , ,. -, ,\-~-, (inches) 
NIC Olive to Northern: Culvert Outlet 1204+56.34 1 5.821 101 16001 2.55 
"'This value is much greater than the recommended d50=18" value used for the NIC design, therefore rip rap design size is 
conservative. 

K\04\0406919 MCFCD - NIC (S)\H&H\Scour Analysis\NIC-Total Scour Analysis.xlsRip Rap Protection Sizing 



Drop 1 
Drop 2 
Drop 3 
Drop 4 
Drop 5 
Drop 6 

- Drop 7 
Drop 8 
NIC SC 
SC Drop 1 
SC Drop 2 

K:\04\0406919 MCFCD NIC (S)\H&H\Scour Analysis\NIC-Total Scour Analysis.xlsRip Rap Protection Sizing 111 912007 



Upstream Cutoff Walls 

K:\04\0406919 MCFCD - NIC (S)\H&H\Scour Analysis\NIC-Total Scour Analysis.xlsCutoff Walls 



Downstream Cutoff Walls 
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NIC south Cha 8 I Structures 
Soil Datafor Scour ~ n a l ~ s i s '  

I I I I I I I I 
6-3 NIC Drop 1 . 8-3 I SM-ML I stlty sand to sandy sllt I 1520 8.9 3 0.22 
6-6 I NIC Drop 7 I 6-6 I SM I s~lty sand I 20 I 0.82 I 0.66 I 0.22 

Test Hole 

I I I I I I I I 
6-9 I NIC 8' Northem Ave Drop and NIC-SC 3' Drop 1 I 6-9 SM stlty sand 20-25 4.60 I 3.50 0 22 
6-10 ! NIC-sc 3' Drop 2 and Sidewash ! B-10 SM I sdty sand 20 I 4 60 3.50 o 22 

' ~ a t a  obtained from Ninyo & Moore Geotechnical Evaluation, June 2006 
' ~ e ~ t h  range used for selection of D,, based on vertical location of structure (i.e. proposed 
structures are located in excavated area of project, whereas depths of borings are from 
existing ground). 

Near Structure 
No. # 

Seive Analysis 

Gain Diameter (mm) 

passing 200 
39 

Bore Hole 

111 912007 So11 Data NIC-Total Scour Analys~s.xls 

Soil Class. 
(USCS) 

l3epthZ 
(ft) 

Soil Description 
(USCS) 

09: 

(mm) 
D8s1 
(mm) 

~ 5 2  

(mm) 



NIC Sout hannel I !@ 
I Scour lnput ~ a t a '  

Input Data for Scour Equations NIC-Total Scour Analysis.xls 
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I T, = flow width I - 
V, = critical velocity R p = ~ o " ) / ( S ~  )om> 

1 

g = gravity Where, 
S=longitudinal slope along direction of flow (ft/ft) 

I 
T, 1 

Solving for V. = [(AJO(~)~JO.~ r 1 7 (see Note 1 at left) 
I -7z , - , /s.=Soecific oravitv of the rock. Assume 2.55 I 

Critical Velocity for a trapezoidal channel: I 1 1 1 I I 1 1 I 1 

--- 

Longitudinal Slope S: 
I 

Boulder Sizing Calculations - Urban Storm Drainage Criteria Manual 
Urban Drainage and Flood Control District (UDFCD) 
Denver, Colorado 
(See pages HS-23 through HS-25 of the Colorado Dramage Cnteria Manual for procedure) 

I I I 

wc = v,'/g 

NIC-Total Scour Analysis.xls 1 of1 1/23/2007 4:11 PM 

1 

4 

1,where &=Row area 

" 

Notes: 1 1 
1) Longitudinal slope S along direction of flow (step 7, p. HS-24) 

used in rock-sizing parameter equation is the drop structure 
slope (S:l). 

2) For Rock Size, see char? on page HS-21 1 ! 

1 1 
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a Equation 

Drop Structure 

NIC Olive to Northern: Culvert Outlet 
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a acey Equation 

Drop Structure 
204C56.34 

189+58 
185+27.58 
182+95.14 
180+14.94 

, 178+77.76 
177+35.59 
168+82.23 
159+16.09 
548+21.18 
542+79.7 
537+79.7 
535+00 

Adjustment 
Factor 

Z 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.5 
0.25 
0.25 
0.25 
0.25 

Scour Depth 
Below Streambed 

d,=Zd, 

(ft) 
1.46 
1.46 
1.46 
1.46 
1.46 

+ 1.46 
1.46 
1.46 
2.93 
2.41 
2.41 
2.41 
2.46 

Lacey's 
Silt Factor 

f=1.76*~,d" 
0.825513174 
0.825513174 
0.825513174 
0.825513174 
0.825513174 
0.825513174 
0.825513174 
0.825513174 

0.826 
0.826 
0.826 
0.826 

0.825513174 

Mean Depth 
Design Discharge 

d,=0.47(~1f)'" 

(ft) 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
5.859985158 
9.644068802 
9.644068802 
9.644068802 
9.838450924 

Channel Condition - Enter 
Straight, Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Mod Bend 
Straight 
Straight 
Straight 
Straight 



Blen a quation 
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Schoklitsch Equation 



Veronese Equation 



e Zimmerman and Maniak Equation 





$ I 
BsO Es-t r rn c i G  

27 3laaslllcaIlan Pro+rlloa 01 Soil. 2.5 Grain Sire and Graln Slrs Dlstrlbutlon 

*ST* - Amarioan5ari.ly lo,~i,in.andM.,.,~l. ,lSBO, 
,,ASHTO - itmerioan Allorilllo" ,or Baa,. Hiphwa" and 

T..n,po<,.li.n Ollioi.l.lloisl 
UICS - Unilird So!, Cllrsi<htlion Synarn IUS. Burtau o l  

Rrhmation. 1811; U.S. Army inpinl8r WTS. 19601 
M.17. - M a ~ l r h u s ~ l l % I n s l i l l a ~ f  Tlrhnology liavlsr. 19481 

. . . . . . . 

Fig. 2.3 ~ r d n  size ranges according to several engineering soil 
' classification svsterns (modified after Al-Hussaini. 1977). 

The range of 'possible particle sizes in soils is tremendous. Soils can 

. . 
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Drainage Design Manual for Maricopa County Hydraulics: Sedimentation 

10.13.2 Total Scour 

Total scour, for a given application, should consider the following components of scour: 

a. Long-term degradation of the bed of the watercourse 

b. General scour through a specific reach of the watercourse. 

c. Local scour. 

d. Scour induced due to a bend in the watercourse. 

e. Scour associated with bedform movement throbgh the watercourse 

f. Scour due to low-flow incisement. 

Total scour (ZJ is the sum of each of these individual components (ZJ Af scour. Total scour can 
be expressed as: 

' A multiplying factor (FA') is used depending upon the purposes of the total scour estimation. For 
example, an FS equal to 1.0 may be appropriate when estimating total scour due to altered con- 
ditions in a watershed. However, in that case it would be advisable to estimate maximum and 
minimums of each individual component of scour and to estimate the range of total scour that 

. . can be expected: A,n.FS of 1.3.is often used for the design of toe-down for bank protection. . . .. .. . The . . 
.. . use of higher FS, such as 1.5; may be justified where underestimation of scour would cause cat- 

a~tro~hic'failure that may result in loss of life or unacceptable economic consequences. 

The following is a discussion of each component of scour that should normally be considered 
when estimating total scour. 

Lona-Term Dearadation 
Long-term degradation can be estimated by the following methods: 

a. A trend analysis of historic bed elevation data. 

b. Simulation by use of sediment transport modeling such as HEC-6 (USACE, 1991). 

c. Application of equilibrium slope analyses. 

A trend analysis of historic bed elevation data is limited by the availability of adequate, long-term 
data for the watercourse. Therefore, such an analysis may be possible only for some of the 

' I  



ose results. However, there often is considerable deviation in results by the various methods. ~n 
which case, independent data, regional experience andlor engineering judgement must be used 

General Scour 
General scour is that cornponentof total scour that would occur during the passage of a design 
flood. This type of scour involves the removal of material from the bed and banks across all or 
most of the width of a channel. The scour is caused by increased velocities and shear stresses 
dictated by the local area geometry (such as at constrictions) and water surface controls. For 
major watercourses, general scour would often be estimated by a sediment transport model 
study, such as the use of HEC-6 (USACE, 1991). General scour in minor watercourses can be . . 
estimated by the following equation (Zeller, 1981): 

where: Z,,,,,I is the general scour depth, in feet, 

Ym, is maximum depth of flow, in feet, 

Yh is the hydraulic depth, in feet, 

v is the average velocity of flow, in Wsec, and 
., . . . ." 

.Se is the energy slope (or bed-slope if uniform flow is assumed), in Wft. .. . 

The reference by Zeller (1981) should be consulted prior to applying this equation. If Equation 
10.11 yields negative results, a value of zero is to be used for general scour'. 

Local Scour 
Local scour is that component of total scour that is caused by flow irregularities. If the transport 
rate of sediment away from the local region is greater than the transport rate into the region, a 
scour hole develops. As the depth of scour is-increased, the strength of the vortex or vortices is 
reduced, the transport rate is reduced and equilibrium is reestablished and scouring ceases. 

Flow irregularities can occur in natural watercourses due to bends or restrictions along the 
banks. Flow irregularities also occur due to constructed facilities such as bank lining, bank pro- 
tection works (such as groins), hydraulic structures across the watercourse (such as diversion 
dams or grade control structures), and structures in the watercourse (such as bridges or cul- 
verts). Bridge scour, including the local component of bridge scour, is discussed in Section_ 
10.13.4. 

September 2003 (Draft) 1041 



bed material particle size, but is independent of many hydraulic parameters and does not 
sider the drop height. b here fore, that equation should only be used for relatively low (possibly 

t greater than half of the approach flow depth) drop heights. The  embert ton and Lara (1984) 

Culvert causes backwater resulting in upstream aggradation. 

For a submerged structure, the local scour depth can be estimated by the Simons. Li & Ass~ci- '\@ a m o n  The equation is a function of drop height and other hydraulic parameters. 
but is independent of bed material grain size. It may overestimate scour depth for coarse bed 
material watercourses. That reference should be consulted when using that equation. 

Bend scour may need to be estimated if not included as a component of local scour (see above). 
For sand-bed watercourses, Zeller (1981) presents a bend scour equation. That reference 
should be consulted in its use and application. 

Bedform Trouah Death 
Bedforms develop in alluvial channels in response to the hydraulics of the flowing water and they 
are part of the mechanics of sediment transport. Bedforrns are of various configurations and typ- 
ically they consist of alternating "mounds" and "troughs," and being mobile, they move longitudi- 
nally along the bed of the watercourse. A bedform trough is a component of total scour and 
should be accounted for under appropriate conditions. The component of scour that is associ- 
ated with bedforms is equal to one-half of the bedform amplitude (vertical distance from top of 
mound to bottom of trough) as shown in the following equation. 

September 2003 (Draft) 10-43 



unes that occur during upper regime flow. 

y is hydraulic depth of flow, in feet. 

Antidune height is estimated by: 

*".. p5 . . 
,. k dh = 0 . 2 8 4 ~ 2 ~ ~  ~. -. 

67.'. 9. where: dh = antidune height, in feet, 

Hydraulics: Sedimentation 

' dunes that occur during lower regime flow, and 
Simons and Senturk (1992) provide dune height 

Yh is hydraulic depth of flow, in feet, and 

F, is Froude Number 

Dunes form during lower regime flow, typically at F, less than about 0.7, and antidunes form dur- 
ing the upper regime flow and may form during the transition from lower to upper regime flows. 
Therefore, antidunes can be expected forF, greater than aboA0.7. Antidune height will usually 
be greater than dune height. In the transiiion region, about 0 7  to i .0  F,, the larger of either dune 
or antidune height should be used. 

Low-Flow lncisernent 
4 3; 

. .. . . , . . . - . . ... 
Th&iormal irregilii'&& .inthe bed o f a  watercourse(bothnatural and man-made) result in a .. . .. . 

low-flow channel. That channel is formed by the predominance of a low-flow condition or due too 
low-flows that persist after a flood. The magnitude of low-flow incisement may best be estimated 
by representative field assessment. In the, absence of field data, or for planning and design pur- 
'poses, low-flow incisement should be estimated a5 no less than 1 foot aild possibly in excess of 
2 feet. A lower value can be used for small and minor watercourses and a higher value should be 
used for regional watercourses. 

10.13.3 Limits to  Scour from Armoring 

Armoring is the process in an alluvial watercourse wherein sediment transport removes bed 
material smaller than a certain size thus leaving a bed that is armored by the larger bed particle 
material. All alluvial channels experience the mechanics of armoring through the selective trans- 
port of finer bed material and leaving the coarser bed material. However, watercourses that con- 
tinually receive the inflow of bed material load in excess of transport capacity or those 
watercourses for which the bed material does not contain adequate quantities of the larger, 

4 armoring-size bed material, will not expeeence armoring Also, armoring is flood magnitude 
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ARIZONA DEPARTMENT OF WATER RESOURCES 
FLOOD WARNING AND DAM SMETY SECTION 

State Standard 

for 

Watercourse System Sediment Balance 

Under authority of ARS 48-3605(a), the Director of the Arizona ~epmtment of Water ReSources 
establishesthe following standard for identigcationof and development within erosion hazard areas 
and areas afYected by a net system sediment deficit or surplus in Arizona: 

.~~ ,. ~ ~ -~ ~ ~. . ~ 

.. . 
The guidelines outlined in state St&d&d~ttachment 5-96 entitled ''watercourse System sediment - 
Balance" or by an alternative procedure reviewed and accepted by the ~irector will be used in the 
identification of, or regulation of development within erosion hazard areas, and watercourses 

! . ' affected by a net system sediment deficit or surplus in Arizona for fulfilling the requirements of 
Flood Insurance Studies, and local community and county flood damage prevention ordinances. 

For the of application ofthese guidelines, erosion hazard area ahd watercourse system 
sedimeni balance standards will apply to all watercourses identified by the Federal Emergency 
Management Agency as part of the National Flood Insurance Program, all watercourses which have -. 
been idintifiedby the l~cal.flo.odp1ainadministratoras having signlfi~ant~otentialflood ha~ards and 
all watercourseswith drainage areas more than 114 square mile or a 100-year discharge estimate of 
more th& 500 cubicfeet per secohd. Appkation of these guidelines will not be necessary if the 
local community or county has in effect a drainage, grading or stormwater ordinance which, in the 
opinion of the Department,resuIts in the same or greater level of flood protection as application of 
these guidelines would ensure:' 

r . 

This requirement is effective October I, 1996. Copies of this State Standard and State Standard 
Attachment 5-96 can be obtained by contacting the Department's Flood Warning and Dam Safety 
Section at (602) 417-2445, 

STATE STANDARD 5-96 SEPTEMBER 1996 



NOTICE 

This document is available in alternative formats. Contact the Department of Water Resources, 
Flood Warning and Dam Safety Section at (602) 417-2445 or (602) 417-2455 (TDD). 



m Z O N A  DEPARTMENT OF WATER RESOURCES 
FLOOD WARNING AND DAM SAFETY SECTION 

Watercourse System Sediment Balance 
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Phoenix, Arizona 85004 
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In t roduc t ion  

Channel degradation occurs within watercourses composed of erodible material, where local or 
general differentials in sediment transport capacity exist. Numerous factors control the short 
and long term degradation potential of channel reaches, including the size and cohesiveness of 
the material of which the channel is composed, the vegetation type and density in the channel, 
the hydraulic characteristics generated within the channel under flood events, and the existence 
of flow redirection or concentration structures within the channel. A key factor, however, is 
the amount of variation in channel properties from reach to reach. A channel reach attempts 
to adjust to conditions imposed on it by factors occurring up- and downstream; thus, the more 
uniform the channel is along the system under study, the less the potential exists for channel 
degradation to be a significant factor. Natural and man-made discontinuities along the system 
can create local increases in sediment transport potential, which often result in local 
degradation of the channel. System-wide disturbances, such as those associated with 
urbanization of the watershed or dam construction, have more far reaching impact, as the 
entire channel is forced to adjust to a change in sediment supply. 

This document presents procedures that may be used for estimation of channel degradation in 
unlined watercourses within Arizona. Three levels of procedures are provided, with data 
requirements, procedural complexity, and accuracy of results all increasing as the analysis 
level is incremented. The Level I approach provides an initial estimate of local channel - - - 
degradation potential for generally stable, natural channel conditions. The resulting initial 
estimate may be reduced through use of the more rigorous Level II methodologies. Level 111 - 
procedures are outlined for situations that warrant more detailed channel degradation 
determination. 

:@ SSA 5-96 
CDE-I September 1996 



Procedure 

General 

Three levels of procedures for estimation of channel degradation depth are described in the 
following paragraphs. The fust level of analysis provides an initial estimate of the potential 
scour depth to consider for design of structures to be placednear a streambed or along the 
banks of a channel. This first level of analysis is recommended only for channel reaches that 
are expected to be in general balance with the surrounding system -- i.e. no major distprbances 
(dams, bridges, encroachments, etc. .) are evident in the site vicinity -- and where the desire is 
to establish a "safe" scour depth to allow for the concentration of flows that can naturally 
occur within c h a ~ e l s  composed of erodible material. The Level I1 procedures provided are 
methods for demonstrating the site specific limits to erosion potential, involving compuiations 
which require local hydraulic infomation and sediment'size distributions, or histo6cal 
evidence of channel performance. The third level of procedures outlined will provide more 
definitive determination of charnel stability in the reaches under study. This level of analysis 
is recommended in areas where local flow characteristics are complex, where the chaqnel has 
been redirected or otherwise modified by acts of man, of where the safety of local paralleling 
or crossing structures is of high concern. . . .. . . . . . .  . . .  . . . .  

e Level I 
5 
i-. This level of analysis requires the following information : 

Peak the 100-year flood (Q,,). May be estimated using 
simplified methodologies such as ADWR State Standard #2 (SS 2-96), USGS 
regression equations, or  other appropriate local or more detailed methods. 

The total scour depth, d,, is the combination of general degradation and long term degradation 
and can be computed as follows: 

d, = d,, + dl, 

where: 
ds = Total scour depth, in feet 
dgr = General degradation, in feet 
dl, = Long term degradation, in feet 

General degradation can be computed as follows: 

d,, = 0.157(Q,,)0-4 for straight channel reaches, 

d, = 0.219(Q,,)0.4 for channel reaches with curvature. 

SSA 5-96 CDE-2 September 1996 



@ The second equation will give the worst-case scour for channel curvature, and is not 
recommended unless significant curvature is evident along the channel reach. 

Long term degradation can be computed as follows: 

d,, = 0.02(Q,,)O 

This equation for long term degradation should only be used when no downstream controls 
exist within the channel system. 

The total scour depth, d, , should be applied to the lowest point in the local cross section for 
determination of the elevation to which scour will occur. 

For Level I, the minimum total scour depth, d, , shall be 3 feet. 

Level I1 

The Level I1 approachespresented below 'may be. used to demonstrate the'ability of the .. . . . . . - 

existing channel system to resist degradation, and to justify a lesser burial requirement than 
that computed using the Level I equations. 

Erodibilitv evaluation 

Three procedures for determination of the erodibility of local channel material undei. 
computed hydraulic conditions are presented in the ADWR's State Standard for Lateral 
Migration Setback Allowance for Riverine Floodplains in Arizona. These procedures 
are: (1) the allowable velocity approach; (2) the tractive stress approach; and, (3) the 
tractive power appfoach. One or more of these procedures can be used to demonstrate 
the adequacy of the material of which the channel is composed to resist the erosive - 

action of the flow under 100 year flow conditions. 

Armoring potential evaluation. 

An evaluation of relative channel stability can be made by evaluating incipient motion . . 
. parameters and determining armoring potential. The definition of. incipient motion is 

based on the critical or threshold condition where hydrodynamic forces acting on a 
grain of sediment have reached a value that, if increased even slightly, will move the 
grain. Under critical conditions, or at the point of incipient motion, the hydrodynamic 
forces acting on the grain are just balanced by the resisting forces of the particle. For , . 
given hydrodynamic forces, or equivalently for a given discharge, incipient motion 
conditions will exist for a sin.~le~article size. Particles smaller than this will  be^ - - 
transported downstream and particles equal to or larger than this will remain in place. 

SSA 5-96 CDE-3 September 1996 
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a 2 - s in  2 ,,?. 2-1 ['a1 ( cos a 

mponent of to ta l  scour '  

V = mean velocity of upstream flow ( f p s )  

Y = maximum depth of upstrea:m flow ( f e e t  
@z 
B Yh = hydraulic depth of upstream flow ( f e e t )  

, ~ Se = upstream energy slope (bed slope for  uniform flow conditions, 

fee t / fee t )  
a = angle formed by the projection of the channel centerline'from 

the point of cu rva tu re to  a poiti't which meets a l i n e  tangent t o  
. the outer bank i f  the channel (degiees,  see  Figure --. 5.25) . ~ 

Mathematically, i t  can be shown t h a t ,  fo r  a simple c i rcu la r  curve, the 
following relationship ex i s t s  between a and the r a t i o  of radius of curvature 

t o  channel topwidth. 

. . - .  where; rc .= radius of curvature go center l ine  of,  channel ( f e e t )  
. . . .  

y' = channel topwidth ' (feet)  . . . .  . .,.. . . . . . . 
> .  

i 
I f  the  b g n d  under evaluation deviates s ignif i~a.nt1-y from a simple c i r -  

cu l a r  ',curve,, the engineer sh9,uld Ggnsider divi.dj.p.g . . bend i n t o  a .  s h e s  of 

c i r c u l a r  curves and analyzing the bend as a com~ound c u r v e .  Under.this proce- 
dure, .?her? rpuld bg a -different  va1u.e of a' .determined for  each segment 
o'f th,e cbmpund curve. A scQur .depth.would then be computed for  ,each segment 

of t l i e  curve using the u determined f o r  t h a t  segmen?. 

,:Application 
. . . ...* . . 

. .. E$u$h-6n , 5.z5 can be $pilied to natural r iver 'bends-  to  get ,an approxi- 
:mat+o"":.~f t h e i c o u r  depth tha t  can. be expected i n  the: ben'd .during . a . spec i f ic  . 

water  'dis.charge. The impact t ha t  a ther  simultaneously occurring phenomena 

@ such as sand 'waver, local ~cau r , ,  l o n g - t e r ~ d e g r a d a t i o n ,  e t c . ,  might have on 
j 

bend 'scour . i s  not known for  cer ta in .  In order that '  the maximum scour in a 
~ 





shown in table  6 var ies  from a design flood estimated on a frequency basis 
from 50 t o  100 years .  This pertains t o  an adequate waterway for  passage of  
the  floodflow peak. The scour calculat ions  for these same s t ructures  are  
always made for  a 100-year flood peak. The use of t he  100-year flood peak 
fo r  scour i s  based on va r i ab i l i t y  of channel hydraulics, bed material ,  and 
general complexity of the erosive process. The exception in the use of 
t he  100-year flood peak for  estimating scour would be the scour hole immedi- 
a te ly  below a l a rge  d m  or  a major s t ruc tu re  where l o s s  of s t ruc ture  could 
involve 1 ives or represent a catastrophic event. In t h i s  case,  the scour for 
use in design should be determined for  a flow equal t o  5 0  percent of the 
s t ruc ture  design flood. 

Equation Types A and B (See Table 6 )  

Natural r iver channel scour estimates are  required i n  design of a buried 
pipe, buried canal siphon, or a bankline structure.  For most siphon cross- 
ings of a r i ve r ,  the cost of burying a siphon will d i c t a t e  e i ther  the selec- 
t ion  of a natural narrow reach of r i ve r  or a r e s t r i c t i o n  in width created by 
constructing canal bankline levees across a portion of the  flood plain. A 
summary of avail able methods for computing scour a t  cons t r ic t ions  i s  given by 
Neill (19?3). The four methods for estimating general scour a t  constricted 
waterway; described by Neill (1973) a r e  considered the proper approach for 
estimating scour for use in e i ther  design of a siphon crossing or where 
general scour i s  needed of the riverbed for  a bankllne s t ructure .  The four 
methods supplemented w i t h  Recl mat  ion ' s  procedure for appl icat isn are given 
be1 ow: 

Field measurments of scour method. - This method consis ts  of observing 
or measurinu the actual scoured deoths e i ther  a t  the r iver  under investi- - 
gati.on or a similar type r iver .    he measurementr.are taken during as high 
a flow as possible to  minimize the influence of extrapolation.  

. . 
A Reel ahatioii k p u b l  ished study by Abbott ( 1 9 6 3 ) ~ ' " & ~ y i e d ' '  u'.s: ~ e 6 1  oiical . '  ' 

Survey discharge measurement notes from several streams in '  the southwestern 
United States ,  including the Galisteo Creek a t  Domingo, New Mexico, and 
developed an empirical curve enveloping observed scour at the gaging 
s ta t ion.  This envelope curve for  use in siphon design was further sup- 
ported by observed scour from cres t - s tage  and scour gages on Gallegos, 
Kutz, Largo, Chaco, and Gobernador Canyons in northwest New Mexico 
collected during the period from 1963 t a  1969. The scour gages consisted, 
of a ser ies  of  deeply anchored buried f lex ib le  tapes across the channel 
section that  were resurveyed af ter  a flood to determine the depth of scour 
a t  a specific location. 'The r e s u l t s  o f  these measurements are shown on 
figure 8 along . w i t h  the envelope curve for Galisteo Creek t h a t  support 
scour estimates f o r  wide sandbed (050 varying from 0 . 5 t o  0.7 mm) ephem- 
eral streams in the southwestern Unlted States  by t h e  equation. 

ds = K (q)O.  24 - - (24) 

where: 

d s  = Depth of scour below streambed, f t  (m) 
K = 2.45 inch-pound units (1.32 metric un i t s )  
q = Unit water discharge, f t 3 / s  per f t  of width (ms/s p r  m 

of width) 



The use of equation 24 except as a check on other methods would b e  1 imitkd 1 to channels similar t o  those observed on r e l a t i ve ly  steep slopes ranging 
from 0.004 t o  0.008 f t / f t  (dm). Because of shallow depths of flow and 
medium t o  coarse sand size bed material the  bedload transport  should also 
be very high. 

Regime equations supported by f i e l d  measurements method. - This approach 
as suggested by Neil1 (1973) on recommendations b y  Blench (1969) involves 
obtaining fi'eld measurments.in an incised reach of r i v e r  from rhich the 
bankfull-discharge and hydraluics can be determined. From the bankfull 
hydraul i c s  i n  t h e  incised reach o f  r i ve r ,  the  flood depths can be computed 
by: , 

d f  = Scoured depth below design floodwater level 
d i  = Average depth a t  bankfull discharge i n  incised reach 
qf = Design flood discharge per u n i t  width 
qi = Bankfull discharge in incised reach per uni t  wid th  

m = Exponent varying from 0.67 f o r  sand to  0.85 fo r  coarse gravel 

This method has been expanded for  Reclamation use t o  include the empirical 
regime equation by Lacey (1930) and the  method of zero bed-sediment 
t ransport  by Blench (1969) i n .  the form of the Lacey equation: 

dm = Mean depth a t  design discharge, f t  (m) 
Q = Design discharge,f t3/s  (m3/s) 
f = Lacey's s i l t  factor  equals 1.76 (~, )1/2  where 4 equal mean 

grain size of bed material i n  m ~ l l i m e t e r s  

and the Blench equatio; fo r  ''zero bed factor":  

. where: 

d fo  = Depth for zero bed sediment t ransport ,  f t  (m) 
q = Design flood discharge per u n i t  width,ft3/s per f t  (m3/s pet m) 

Fbo = Blench's Iizero bed factor"  in  f t / s 2  (m/s2) from f igure  9 

1 The maximum natural channel scour depth for design of any s t ruc ture  placed 
below the  streambed (i .e. ,  siphon) or along the bank of a channel must 



) consider the probable concentration of floodflows i n  some portion of the  
natural channel. Equations 25, 26, o r  27 for  predicting t h i s  maximum depth 
a r e  t o  be adjusted by the empirical multiplying factors ,  2, shown for  
formula Types A and B ( t a b l e  6 ) ,  i n  t ab le  7. Pn i l lus t ra t ion  of maximum 
scour depth associated with a flood discharge i s  shown i n  a sketch of a 
natural channel, f i gu re  10. As shown i n  table  7 and on f igure  10, the d S  
equal s depth of  scour be1 ow streambed. 

d s  = i d p  (28) 

d, = Z dm c d, = Z d f h  
(29) 

(30) 

Table 7.  - Mu1 tiplying fac tors ,  2, f o r  use 
i n  scour depths by regime equations 

7 River Section Ac8 -'--, 

Condition 

Equation Types A and B 

Straight rear.f l  
Moderate bend* 
Severe bend 
R i g h t  angle bends 
Vertical rock b a n k  or  wall. 

-,-Equation Types C and 0 

Nose of p i e r s  
Npse of guide banks 
Small dam or control 
' across r iver  

NOTE: dfo z df w dm Point C is low point of noturol section. 
I 

Figure 10. - Sketch of natural channel scour by regime method. 

1 /  - Z-value selected. by USBR fo r  use on bends in r iver .  

Value of Z 
Neil1 

d s  = Z df 

0.5 
0.6 
0.7 

1.0 
0.4 t o  0.7 

Lacey 
d s  = Z dm 

i 

0.25 
0.5 
0.75 
1 .0  
1.25 

1.50 t o  1.75 
1.5 

51 enc h 
d s  = Z dfo 

L 

1/ 0.6 1 . -  1.25 

. .  , . . . .  .. 

0.5 to  i . 0  
1 . 0  t o  1.75 
,O. 75 to 1.25 

- 



The use of f igure  1 2  and t ab l e  8 recommended by Neill (1973) has had 
limited application i n  Reclamation, b u t  appears t o  be a potential useful 

Equation Type C (See Table 6 )  
, . 

The pr incipal  references fo r  design of midchannel structures for  scour 
such as a t  bridge p ie rs  a r e  National Cooperative Highway Research Progrm 
Synthesis 5 (1970), C. R. Neill (19731, Federal Highway Administration, 
Training and Design Manual (1975), Federal 'Highway Administration (1980), and 
S. C. Jain (1981). The numerous empirical relat ionships for  computing scour 
a t  br idge p ie rs  include one or more of the following hydraulic parameters: 
pier width and skewness, f low depth, ve loc i ty ,  and size of sediment. The 

,many r e l a t i ons  available ~ e r e . . ~ f u r t h e r  broken down by Jain (1981) ' to  two 
d i f f e r en t  approaches: (1) regime, and ( 2 )  ra t iona l .  

i n  the form: . ". , . . -  

. . .  . 

ds  = Depth of scour below streambed, f t  (in) 
.. 



Methods adopted by Recl anation fo r  computing local scour below a hydraul ic 
s t ruc ture  across the r i ve r  channel are based on e i ther  the  regime o r  rational 
approach. Scour computations should be made by several methods and engi- 
neering judgment used to  s e l e c t  the  most appropriate. In the regime approach, 
the  Lacey o r  Blench equations 26, 27, 29, and 30, respective1 y, w i t h  2 values 
frcm t ab l e  7 are applicable. 

The most appropriate empirically developed rational methods f o r  scour below a 
s t ruc ture  a re  those by Schoklitsch (1932), Veronese (1937), o r  Zimrnerman and 
Maniak (1967). Scour computations by.Schoklitsch are made by: 

where: 

d s  = Depth of scour below streambed, f t  (m) . 
K = 3.15 inch-pound uni ts  (K = 4.70 metric units) 
H = Vertical distance between the water level upstream and downstream 

of the s t ruc ture ,  f t  (m) 
q = Design discharge per u n i t  width, f t3/-s per f t  (rn3/s per m) 

Dg0 = Par t i c l e  s i ze  f o r  which 90 percent i s  f i ne r  than, mm 
d, = Downstream mean water depth, f t  (m) 

The Veronese (1937) equation f o r  computing the scour hole depth below a low 
head s t i l l i n g  basin design i s  a s  follows: 

h e r e :  i .  
. . 

. . .. . . . . . . 
d S  = Maximum'depth o f  scour below streambed, f t  (rn) 

K = 1.32 inch-pound uni ts  ( K  = 1.90 metric uni ts)  
HT = The head from upstream reservoir  to t a i l  water level ,  f t  (rn) 

q = Design discharge per un.i.t width, f t 3 / s  per f t  (m3/s p r  m) 
$, = Downstream mean water depth, f t  (rn)  

The Zimrnerman and Maniak (1967) equation f o r  local scour be1 or! a s t i l l  ing 
basin can be calculated by: 

where: 

ds  = Depth of scour below streambed, f t  (m) 
K = 1.95 inch-pound uni ts  (K = 2.89 metric uni ts)  
q = Design discharge per u n i t  width, f t 3 / s  per f t  (m3/s per m j  

D85 = Par t i c l e  size f o r  ~ i c h  85 percent i s  f i ne r  t h a n ,  mrn 
d, = Downstream mean water depth, f t  (m) 





Table 5.4 
Experimental Coefficients for Culvert Outlet Scour 

(USDOT, FHWA, HEC-14, 1983) 

Equations 

V-1. For Circular Culverts. Cohesionless material or lhe 0.15mm cohesive sandy clay: 

where lo = 316 min. 

V-2. For OUler Culvert Shapes. Same material as above: 

where b = 316 min. 

3 For Circular Culverts. Cohesive sandy - clay wilh PI = 5-16: 

V.4. . For Other Culvert Shapes. Cohesive sandy day wilh PI =5-16: 



Drainage Design Manual for Maricopa County, Volume 11, ~ y d r a u f i c ~  

The critical tractive shear stress is defined as: 

rc = 0.001(S, +180) tan(30 +1.73Z'1) (5.20) a 
where S, is the saturated shear strength in pounds per square inch and PI is the Plasticity 
~ndex  from the Atterberg limits.. 

It is recommended that Equations 5.16 and 5.17 be limited to sandy clay soils with a 
plasticity index of 5 to 16. 

Time of Scour: The time of scour is estimated based upon a knowledge of peak flow 
duration. Lacking this knowledge, it is recommended that a time of 30 minutes be used 
in Equations 5.10,5.12,5.16, and 5.17. The tests indicate that ap~roximate1~ two-thirds 
to three-fourths of the maximum scour occurs in the first 30 minutes of the flow 
duration. 

It should be noted that the ezponents for the .time ~ a r a m e t e p k  Table 5.4 reflect the 
relatively flat part of the scour-time relationship and are not applicable for the first 30 
minutes of the scour process. 

Headwalls: Installation of headwalls flush with .the culvert outlet moves the scour hole 
downstream. However, the magnitude of the scour remain essentially the 
same as for the case without the headwall. The headwall should extend a depth equal 
to the maximum depth of scour., 

. .. ....... .. .,, . ,  

 summa^: The prediction equations presented this section mintended to serve along 

with field reconnaissance as guidance for determining the need for energy dissipalors 
at culvert outlets. Remember that the equations assume that grade c?nkol exists whether 
it be mumade or natural, and do not include long-term channel degradation of the 
downstream channel. The equations are based on tests which were conducted to 
d e t e e n e  maximum scour for the given condition and therefore represent what might 
be termed worst case scour geometries. The procedure presented is from Hydraulic 

USDOT, FHWA, HEC-14, Design of Energy Dissipaters far Culverts and channels ( 
1983). 

5.3.3.2 ~cour'EIole Geometry Calculation Procedures: 

For Cohesionless and ~o ie s i ve  Soils: 
. . 

1. Using the appropriate methodoIogy from Volume 1. H~dro!Og~, perform a 
hydrologic analysis of the drainage path in which tbe culvert is located or is to 
be placed. Estimate the magnitude and duration of the peak discharge. Express 
the discharge in cfs and the duration in minutes then determine the discharge 
intensity and equivalent depth. 

~ 

5-70 January,28,1996 
. . 



Culverts and Bridges 

The discharge intensity is: 

112 512 D . I . = ' Q / ( g  D ) Circular culverts flowing full 

112 512 D.I. = Q l ( g  Y ,  ) for other shapes 

. . . . . . 
where Equation 5.1 1 is used to determine the equivalent depth: 

For Cohesionless Materials, or 0.15mm Sandy Clay: 

2. Compute the discharge intensity when the culvert is flowing at the peak 
discharge. 

3. Determine scour coefficients from Table 5.4. 

4. Use Equation 5.10 or 5.12 to compute the scour hole dimensions with t,=316: 

For Other Cohesive Materials with PI From 5 to 16: 

2. a. Compute the culvert outlet velocity in ft/sec. 

b. Obtain a soil sample at the proposed culvert location. 

' . c. ' Perform ~ t t e r b e r ~  limits tests and determine the plasticity index, PI (ASTM ' 

D423-36). 

p. d. ' Saturate a s h p l e  and perform an kconfined compressive test (ASTM 
D211-66-76) to determine the saturated shear stress, S,, lb l id .  

January 28,1996 
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UM KIRKHAM 
MICHAEL 

Client: FCDMC 

Project: NIC-South Channel 

Calculated By: PM 

Checked By: BJL 
Date Prepared: 29-May-07 

Subtotal, Construction Costs 
Contingencies, (10%) 

Probable Construction Cost 

NIC-SC FINAL Cost Estimate 040907.xIs Total CoSage 1 of 5 



Item No. Description I Unit / Quantity I Unit Cost Amount 
505 - 1 Excavation CY 9,626 $8.00 $77,008 
505 - 2 Backfill CY 7,125 $15.00 $106,875 
505 - 3 Concrete CY 559 $600.00 $335,400 
505 - 4 Reinforcing Steel CY 31,026 $0.65 $20,167 

$0 
$0 



NIC-SC FINAL 

UM KIRKHAM 
MICHAEL 

Cost Estimate 040907 .~1~  Sidewash Drop Structures Page 3 of 5 512912007 3 2 3  PM 

Sidewash - Drop Structures- Grouted Boulder 

Clrent: 
Project: 

Calculated BY: 
CheckedBy: 

Dare Prepared: 

FCDMC 
NlGSouth Channel 
BJL 
PM 
29-May-07 



@ K M  KIRKHAM 
Client: FCDMC 

Project: NIC-South Channel 

MICHAEL Calculated BY: PM 
Checked By: BJL 

Date prepared: 29-May-07 

NIC-SC Drop Structures 

100% Submittal 

3.0' DROP STRUCTURE 

NIC-SC FINAL Cpst Estimate 040907.~1s 3ft gr bolrldgedtasf5 5/29/2007 3:23 PM 
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. Drainage Design Manual for Maricopa County, Volume 11, Hydraulics 

Table 6.4 
Riprap Gradation Limits 

(USDOT, FHWA, HEC- 11) 

The gradation coefficient, G, should equal 1.5. 

G = 0.5(ds,ld5, + d,,,ld,,) (6.14) 

Table 6.4 provides design gradations for riprap. As a practical matter, the designer 
should check with local quarries and suppliers regarding the classes and quality of riprap 
available near the site. 

Percent of Gradation 

100 

85 

50 

15 

Stone Size Range 

1.5 d,, to 1.7 d,, 

1.2 d;, to 1.4 d,, 

1.0 d,, to 1 15 d,, 

0.4 d,, to 0.6 d,, 

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 ,m 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, 

1.0 W, to 1.5 W, 

0.1 W,, to 0.2 W,, 

. . Filter Blanket Requirements: The purpose of granular filter blankets underlying riprap 
' , :. - is two-fold. First, they protect the tinderlying soil from washingout; and, second, they 

provide a base on which the riprap will rest. The need for a filter blanket is a function 
of p&cle-size ratios between the riprap and the underlying soil which comprise the 

: cliannei bank. The inequalities that must be satisfied are as follows: 

January 28,1996 
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t o r  1930 ~ l o h r o ~  ! n t o r l o  ~ r l d o o s .  spos l f l ce t t ons .  Edir lon o t  1989 and ino 

s a t t e r  y.. ,a, t,. 
OUtslde faEe. Ooad Load - Xalqht of besktl l l = I 20  9. s. t. 
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h '  el+vminuous dolnt  F l  l i a r  

TYPICAL EXPANSION JOINT DETAIL 
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ARIZONA h t % : m  
TYPICAL ELEVATION 
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TYPICAL W ~ L C  'DETAILS CANTILEVER ,>..S..a - 
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FCD WHITE TANKS RETARDING STRUCTURES 

MARICOPA COUNTY, AZ 

DESIGN CALCULATIONS 

Prepared by 

Kirkham Michael Consulting Engineers 
12700 W. Dodge Road 

Omaha, NE 68154-8030 
402-393-5630 
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Caaa I 1  -  era^ f l ! !  , ,-- Z'r4' Naroa c o n s t r u c t l m  ~ o l n t  

B a t t a r  Y . pe 
..+.ld, 7.,.. 

SECTION A-A 

F o r  S t r u ~ t u r a I  Excdv.+I~n Ex~dnslon iolnt 
and St ruc tu re  Bosk t l  l l 

Fl"IBh*d Ground Ll".. 
\ So* Std. 8-19.10 d M  Std. 8-19.40 

TYP1CAL SECTION 

., 

TYPICAL ELEVATION 
OUtsldC Face Relnforclng 

TYPICAL ELEVATION 
l n l l d a  race Rolnforsln. 

T I P  ICAL WALL DETAILS 
Cd.. I. I I L I I I 

*-W,.,m- .*.," - ".- 

GENERAL NOTES: 

Construct Ian s ~ a c l f l c a t l o n  - Irlzona oa~ar+meo+ ot 
TransDOr747lon standard S D ~ S ~  f lcatlons t o r  R O ~ O  and 
B r l d w  construct lo^, Io$.r, fdrtion.  

Desllln I m s l  tlcdtlons - AISHTO Standard S ~ o s l f l c 4 t l o n s  
for  H l p h r d  Brldpes L d l t l o n  of I989 and tna 
lsso rn+.-lm soocl tisot~ons. 

I n !  concrete shall be C 1 . s ~  .I' unless noted other.lre. 

~elntorctng steel she l l  cantor. *o ,STY s ~ e s ~ f r c a t ~ ~ ~  
1615. ear S K Z O S  .s and m a i l e r  onall a* asnlvnea aa 
trade 40 but MY be furnlrhad as trade 40 o r  ~ r a e s  
60. Bar 1 1 1 ~ s  .1 and idroei  s h a l l  ba das1qn.d and 
fum!rhed as Crada 60. 

11, bend dlmenrlonr for relnferclno steel  shalt be 
O Y + - + O - D Y ~  o f  eors. rlr  ~~rsemsn+ d~rnmnslonr tw 
re!n?ors!np rrset mat, be 1 0  center of bars unlsr~ 
note., o t h o r r l r o .  

Chamfer a l l  exrrosaa cornor. % '  ar par s*.ndard 
8-19. 10 un1.16 noted o+herwlro. 

OIm~n31o", Shdl l no* be 3cat.a tro. *rar,n.,. 

3 0  INT NOTE: 

A l l  Retd lOiOO Wdl iS  6haII hare Con3tnlstlon i o l n t s  rodsod 
OI no+ more than 3V.0 cpor? or as m o m .  
s,.e, shal l  D'O,.S+ tbr0Y.h the lo,",. 

~ l ~ a n r l o n  ~ o l n + s  mall ba ilror!ded a* ~ n t s r ~ . ~ ~  ngt 
axcaedlng 90'-0. 

F o o t l n ~ r  may be c.ntlnuou. "lth no lo,",. 

TYPICAL EXPANSION JOINT DETAIL 

NOTE: - 
~ e -  ec+olninv x a i ~  a~menrlonr ane quanrit8or ras 8 - I B . ~  and B-  18.1o. 

ARIZONA scvwc. 
IDwARiMENT OF TRANsPuRTbrIoN 

HlGHWblS O l V l S l O N  L i. 

l!.&?x!m!mL?.. . . ..... .. . . . . 
CANTILEVER .f..%..V w. 

RETAINING WALL D E T A I L S  8 . 1 8 .  : 3  





GENERAL NOTES: 

1. ALL GENERAL NOTES IN ADOT 
STANDARD 8 18.10 ARE APPUCABLE 
FOR THESE SHEETS. 

2. FOR RETAINING W A L L  REINF.AND 
SIZE, REF. ADOT STANDARD 8 18.20. USE 
TABLE FOR CASE III-SLOPING FILL 

3 ALL EX?C)SED VERTlCAL SURFACES 
TO aE FORMED USING OREGON BASALT 
FORM LINER #I75 BY SCOTT SYSTEMS 

4. REFER T O  ADOT STANDARD 806.20, 
8-06.30 AND 8-06.40 FOR EXISTING APRON 
REINFORCEMENT. 

5 . M  REINFORCING STEEL HAVE 2 INCH 
CLEAR COVER UNLESS NOTED OTHERWISE. 

STRESS 
CLASS 'S' CONCRETE ....................... f'c = 3000 psi 
GRADE 60 REINFORCING STEEL ..... fs = 24000 Psi 





STEP B STEP A- D 

DROP STRUCTURE STEP DETAIL 
NTS 



NOTE: SLOPE BEHIND WING WALL TO 
BE 2:1 WHERE RIPRAP IS TO BE 
PLACED TRANSITIONING INTO 
5-1 FOR NATIVE SEEDING AREAS. 

#4 @ 1'-0" 
EACH DIRECTION 

EXISTING CULVERT APRON 

GEOTEXTILE FILTER ; 
DRILL AND GROUT 
#5 DOWELS @ 1'-0" FABRIC PER SUBSECTION 

796.1 OVER SECURED PIPE END WITH i WIRE 

2 CF OF COARSE AGGREGATE 
SECURELY TIED IN BURLAP SACK 

LOCATION. AGGREGATE TO MEET 
REQUIREMENTS OF SECTION 797, 
TYPE I1 

7h,w L> eC-w 
&L PA-PCIL F4r 

M ~ . A D P A I C P  DLW~AIL.' - 
PRELIMINARY 



From: 'e To: 
"Ed Raleigh - FCDX <ear@mail.maricopa.gov> 
<bling@kirkham.com> 

Date: 5/21/2007 537 PM 
Subject: Grouted rock details 

CC: "Bobbie Ohler - FCDX <BAO@mail.maricopa.gov>, "Gary Shapiro - FCDX <gh 
Urban Drainage and Flood Control District Manual 

Shortcut to: http://www.udfcd.org/downloads/down~critmanual.htm 

Barry, 

Our FCD Hydraulics manual for grouted rock structures references and is 
based on Colorado's Urban Drainage Flood Control District details. 
UDFCD has investigated grouted rock drops quite thoroughly and have even 
updated their criteria based on past failures. Their details are 
contained in the above shortcut. We would like to see the details in 
the plans match with those from the manual, which essentially is the 
rock placed on compacted subgrade with full depth penetration grout and 

. "weepholes' where the drop height exceeds 5'. 

Thanks, 



From: @ To: 
"Bobbie Ohler - FCDX <BAO@mail.maricopa.gov> 
"Barry Ling" <bling@kirkham.com> 

Date: 4/3/2007 8:55 AM 
Subject: WTFRS #3 NIC South 

Barry - we discussed fibermesh in grout today, with Ed, Fritz, Shewa, 
and Charlie Klenner. Ed says rock grouting was done for years with no 
fibermesh, and it was thrown into the specs of one of one of our 
contracts about six years ago upon the recommendation of a fibermesh 
sales rep, and just kept getting copied. He thinks Denver copied our 
specs too, since they all say the same thing (1.5 pounds of fibermesh 
per cy) and don't even say what type of fibermesh to use. Ed is taking 
it out of our drainage manual. At this point, we would like to delete 
it from the NIC South specs. Are you OK with that? 



UNITED STATES DEPARTMENT OF AGRICULTURE 
NATURAL RESOURCES CONSERVATION SERVICE 

ENGINEERING STAFF 
Phoenix, Arizona 
February 13,2007 

DESIGN REVIEW REPORT 

Job : White Tanks FRS No. 3 Phase 4 
North Inlet Channel - South (NIC-South) 

Project : White Tanks Watershed 
Location : Maricopa County, Arizona 

through culverts under Olive Avenue 

The FRS and appurtena 

reach of the NIC between Phase 1 and 
the FRS. 

d engineering practice. 

A" 
3. Construction Drawings, 32 of 32 Sheets. 

Basis for Review: The following references were used in conducting this review: 

1. NRCS, National Engineering Manual 
2. NRCS, National Engineering Handbook 
3. .NRCS, Technical Guide 

2-13-07 John Chua 90% review comments.doc 



White Tanks FRS No. 3 Phase 4, North Inlet Channel (South) 
Page 2 of 3 

REVIEW COMMENTS: 

General: To expedite reviews, recommend dating documentation so that time is not spent 
reviewing previously approved items. 

DESIGN CALCULATIONS AND ANALYSES 
Structural Calculations: 

The design for the outlet structure recommends that 1-foot thick slab on grade (as well as 
the drop structure steps) should be reinforced using #4 bars at ]'-On spacing. It is unclear 
what references and design assumptions were used for this design. Based upon what is 
shown in the drawings the steel reinforcing required is what is provided. 

We had initially used the AZ standard apron details for 
350-01 10.5.1. (10-3) and assuming the slab on grade 
required reinforcing is #5 bars @ 10" (not #4 
reference. Please clarify. 

drawing sheet ST4). Please provide this doc 

Calculations for the end sill reveal a 

calculations have been prepared. 

on our set but the DS sheets inadvertently were 

ets? You may be looking at an 'old DS2 drawing?? Please 

Sheet 12 of 32 (C5) 
CONSTRUCT item 20, Outlet Drop Structure, references drawings DS1 and DS2. It is 
unclear whv these have been referenced as DSl is titled Rip Rap Detail and DS2 has been 
omitted. ~kl ieve that this item should reference drawings S T ~ , S T ~ ,  ST3, and ST4. 
CONSTRUCT item 19: Check that the referenced drawing is correct. 

We will reference the drawings correctly on the 100% submittal. 

0 Sheets 13-16 of 32 (ST1-ST41 



White Tanks FRS No. 3 Phase 4, North Inlet Channel (South) 
Page 3 of 3 

Section C (ST2) shows the Apron as being 12-inches thick; the structure plan view (STI) 
shows the steel reinforcement as #4 @ 1'4" each direction; and Sections B, D, and G 
(ST4) shows one layer of steel reinforcement for the Apron. Based upon the 
requirements of TR-67 (NRCS Reinforced Concrete Strength Design) and ACI 350-01 
(Code Requirements for Environmental Engineering Concrete Structures) for temperature 
and shrinkage reinforcement, the reinforcement provided for the structure may not 
adequate. Please provide supporting documentation for the apron design. 
Section G (ST4) shows the vertical reinforcement for the end sill as #4 @ 1'-0" for both 
upstream and downstream faces. Please provide supporting documentation for the end 
sill design as the current configuration appears inadequate. 

,""!"Py, 
CV - ate 

See comments under calculations above. 

Concurred: ILDEFONSO CHAVEZ, JR., PE 



FLOOD CONTROL DISTRICT OF MARICOPA COUNTY 

Ianuary 24,2007 

See below 

White Tad 
NIC-South 

cs F R S f  
I channel 

:.:;%.. ':$W;"i.';: . : ;:z$-, ,>,. ::<\?&$; 
,*.%.;"">sir**; 

':,%,$:& ,W,,.<*<.,W ;., 
Kukham Michael 

,;~,:~$'*c%78!:, y2*.;!:$$%pL$& %$$;%y$g$:* :*.*I .,.ii*.. . ... Bobbie Ohler 

ACTION CODES: 
A = WJLL CORRECTMODIFY B = CONSULTANT TO EVALUATE 
C = FCDMC TEAM TO EVALUATE D = TEAM RECOMMENDS NO FURTHER ACTION 

trao 
General 

B 

- - 

D D  

B 

-Will any tce be needed from State or from MWD? 

No additional easements are required 1 

Bao 

-How was excavation quantity determined, does it include locations shown as being over 
excavated and backfilled? 

Cross Section Calculations 

Geu. 

A 

A 

A 

A 

A 

A 

-Note 8 -what does this note mean. Suggest deleting it . Ok 

-Note 10 -delete "before removing benchmarks at Northern Avenue ... construction is 
complete". . Ok 

-Add note ‘WIG North - by others" at two locations north of Northem Avenue. Delete 
"futureee on note "future RIW for NIC South"; delete "200' NIC R / W  from channel north of 
Northern Ave. 

Ok 

Drawings 

1 

2 

3 

Sht 2 

Sht 2 

Sht 3 



-- - 
ngs 
I I I 
I 
I 

I 
-will drainage ditches be needed at any locations along the O&M roads? 

No. May cause more problems than it solves. 
Sht 5 

- delete the line between exist. rlw and additional rlw, and just show rlw. Does the east side 
O&M road start at the midsection line along the whole channel? 

Sht 6 

Sht 6 

-Profile west side - There are two "TW = 1226.04" at different locations - what is this for 
and one must be wrong. 

* Ok 

- Specs call for MAG handrail, and plans call for COP handrail -which is correct. Delete 
notes "Paint to match existing handrail" on both profiles. (Note 2 says paint per specs, which 
is what we want). Should probably also add a note to ground the handrails. 

Use COP Detail, MAG Specs 

Sht 6 

Sht 6 

Sht 7 

-Profile east side - fix incorrect dimension 31.93' 
Ok 

- O&M road - "minimum 15-foot radius" -need to check with O&M staff to see if this is 
adequate. 

e Increased to 20 feet with 40 foot setback at Northern to gate 

- Change quantity for 215-1, C1 to 108332 -and check to see iftotal quantity also needs to 
be changed. Add item 507-8 Drop Structures (H=3.0'), EA, quantity 2 under C4. Note at 
bottom of page has asterisks? 

Ok 
* Ok 

RemoveNote 



-we should not have O&M road at bottom of channel, and should probably stop O&M roads 
on both sides of channel at Station 5+11 or 5+12. 

Stop at Coordinates before going across channel 

-Delete "exist rlw" and lines. Profiles do not show new channel banks - it would be 
especially helphl to show the banks on this Sht, since they meet the invert at Sta. 508+55. 
Do specifications cover the holes shown on the invert that will need to be backfilled to 95%? 
May want to add notes here too. Add note to round corners of O&M roads. 

Shows on Cross Sections 

- Construct Note 4 -need to c o d m  that 300 feet is sufficient to daylight channel. 
Contoured. Ok 

A A 

-ramps go all the way to bottom but this material will wash out during floods. Get O&M 
input on this. 

14 Shts 9-12 Same as NIC north D D  

-Need to check contours since some holes have been backfilled by Ames. 
* Add note and Clarify in Specifications 

15 Shts 8-12 A A 

-Move "Flow" arrow and text to invert. 
Ok 

17 Sht 9 A A 

- Show entire RfW width and label it RIW; delete "exist. r/w" and line (this applies to all of 
the C drawings). 

1 8 Sht 9 A A Ok 



Sht 10 

-Low areas should have been filled in by NIC North contractor - Add note to these areas 
"backfilled by others". 

Ok 

- Some of the 2:l slopes on dumped riprap appear to be in wrong orientation. - On profile, 
label box south of Sta. 548+27 - does this box indicate riprap -if so it needs to extend further 
downstream. This drawing references DS6 for riprap details, but DS6 is for sidewash inlets; 

Sht 12 the riprap on this page is 30" deep, correct? Whereas sidewash inlets riprap is 5.5 feet deep. 
Need to provide a detail which shows thickness and filter fabric, and bedding if required for 
filter fabric. Add quantity (470?) for removal and stockpile of riprap. 

Ok 

Sht. 12 

- Not clear where existing riprap is removed, and where newiold riprap is placed - need two 
separate drawings showing both of these. 

0 Ok. Separate cross hatch? 

Sht. 13 

- 70 degree angles -I could not find these on the NIC North plans - is this the correct angle? 
Slope all steps slightly to avoid bird baths. Show which riprap is to be reused, and which 
riprap is to remain as-is. Where is back-fill needed? What finish(es) should be used on 
horizontal steps and concrete apron? Add to notes "It may be necessary to import backfill 
material". Show line at Sta 548+00, Begin Riprap. 

8 Field Verified - Will label as plus o r  minus 
Ok 

8 Specifications 
See Above #22 

Sht. 14 

-Profiles - will dowels near the top impact railing installation? Section C should have same 
elevation as Elevation D 1226.04, not 1225.33. If 1226.04 is correct, (I can't verify this from 
NIC North drawings), then the elevation ofthe wall at downstream end should be 1213.17, 
not 1212.48. Section C -the slope should vay, and provide elevations at bottom of last step 
and at base of downstream wall. 

No 
Approx. 2:l Slope 



- 

A 

D,A 

A 

A,D 

A,D 

A 

A 

Bao 

- Is the downstream wall necessary7 If so, we need to add note to use formliner on both 
sides. Weep drain- do we want to call out what was used for NIC North, instead? . Yes . OB 

We did 

- Section G -should waterstops be added?; Section B - should waterstop be added at floor to 
wall joint; should add requirement that kee-draining material be placed behind wall 

• No . Yes 

-Why all the l ies?  Does slope go outside of our RIW? (Hopefdly not, but RAN line needs 
to be corrected.) Delete " proposed" &om R/W. Show what riprap is to be reused and what 
is to remain in place. Are elevations shown at bottom or top of dumped riprap? 

Contours 
0 Ok 

- Section A is not shown on the plan. Need to cut back on width of O&M road at some 
locations? . Ok . ?? 

- Section C - concrete road should start and end at sidewash structures, or minimum 20 feet. 
(Otherwise the road will wash out when there are bigger floods.) What is dimension "10" for 
-should this be 15'? What is roadway thickness, and bedding thickness? Need for joints 
every 10 feet? Should joints have waterstops? Rebar needed? . Oli . ? 

816" . No . Rebar - #4@12"EW 

- Section B -What are El #I and El #2 pointing to, top of grout? Is top of dumped riprap to 
be at channel invert, and also equal to top of grout at bottom of structure? . Yes 

- Is filter fabric required under riprap? Bedding for filter fabric? 
Yes . No 

Drawings 

25 

26 

27 

28 

29 

30 

3 1 

A 

D,A 

A 

A,D 

A,D 

A 

A 

Sht 16 

Sht. 16 

Sht 17 

Sht. 18-19 

Sht. 21 

Sht. 21 

Sht. 21 



Will Show 

No. Need note 

excavation, the Contractor shall import backfill material as needed. 

third paragraph: Revise last two sentences to read as follows: "All acceptable material 
excavated will be used on the Project. See paragraph 350 for removal and disposal of 
unacceptable material." 

4 Section 
215.8 

Section 
220.5.2 

a I 

required.. . .." . 

- Should this section apply to ST1 outlet drop structures also. Need material spec for drain 
material behind vertical walls. 

Added to Section 505.1 referring to geotechnical report 

A 

A 

A 

A 



Special 

9 

10 

11 

l2 

Bao 

tb * 
-Delete 6 paragraph. 5 paragraph -not sure what is meant by "avoiding flagstone 
appearance" so we probably should delete this. . 

-Add "The engineer's representative will direct placement of the boulders, for the boulder 
drop structures and the sidewash inlets." 

Reworded 

- Add "Boulders and riprap shall be a tan or brown color and blend well with the surrounding 
Project terrain. The Contractor shall provide samples and obtain approval fiom the engineer, 
prior to bringing the boulders or riprap on site. 

Added to 220.5.1 

nd 
- 2 paragraph, last line change to read. .. ..required to excavate, move, and install the 
riprap." Delete blank space following this line. 

- Add to end of second paragraph: "The color shall he desert gold, or other approved by the 
Engineer." 

a 

- first parag aph, revise to read: "Payment shall he.. . . . . ... bid for traffic control." Add at 
end of next sentence: ".........officers, as needed " . 

- second paragraph, can't hydroseeding occur in the s m e r ?  
Added unless approved by the engineer 

Provisions 

Section 
220 5.2 

Section 
220.5.2 

Section 
220.5.2 

Section 
220.8 

Section 
344.2 

Section 
401.7 

Section 
430.2 

A 

A 

A 

A 

A A  

A 

C 

A 

A 

A 

A 

A 

C 



Bao 

Special Provisions 

- third paragraph, revise fust sentence to read: "Payment for native seeding shall be made at 
the unit price bid per acre, and shall be considered.. . . . . . . . incidental to the seedbed 
preparation, rock removal, application.. . ." 

Section 
l3 430.10 

. A A 

-Paragraph 3 -this says concrete shall conform to Section 725 of MAG - should it say 
instead that concrete shall conform to ADOT Class "S'3000 psi? Or both? 

14 
Section Left both specs in 
505.1 

B A 

- Revise secoud sentence to read "The form liner shall be Oregon Basalt #I75 as 

15 
Section manufactured by Scott Systems.. . ." 
505.3 Using chiseled limestone on walls and Oregon Basalt on steps 

C D 

"d - 2 paragraph -is Tamms Adobe the color we want to stain the concrete? Need to check 
with Scott Peters. 

16 
Section a 

505.3 
B A 

- delete stain; and riprap, boulders, bedding, fabric. . 
17 

Section 
507.4 

A A 

-Do handrails need to be grounded? 

Section ? Is there a detail or spec? 
18 520 

C D 

st nd - 1 paragraph -delete 2 sentence, and delete next paragraph. 

Section . 
19 520.1 

A A 



Bao 

Special Provisions 
I I I I 

A I  I - if NIC North contract chooses railing paint in next few weeks, replace "tan color" with 1 I ) 

1 20 

specific paint 
Section Using Toboggan #PC 764 
520.2 

- delete "and aesthetic and decorative treatments". . 

I - f i s t  paragraph: Bank run material, but OK to crush? I l l  

Cnst Estimate I 
- Change description of Item 350-1 to "Remove, Store, and Reinstall Existing FRS#3 
Channel Gate" 

Item . A A 

- Change description of Item 401-1 to "Traffic ControP' . 
2 Item A A 

401-1 

I I I I 
Bao 

O&M Manual 
I I I I 

- Settling - Who should settling be reported to? 

1 
Section MWD management 

2 



Bao 
O&M Manual 

- Vandalism and Railing paragraphs - Add paint specs for concrete and railing paints, and 
colors used. 

Section Referred to Section 505 and 520 of Special provisions 
2 

A A 

-Animal burrows - need to add palagraph about burrowing owls (which are a protected 
species) - the one in our NIC specs should be OK 

Section Added verbage about burrowing owls 
2 

A A 

- Soil cement - report to who? 

Section MWD management 
4 2 

C A  

-Animal bunows - add same paragraph for burrowing owls as for Section 2, Animal 
burrows. 

5 
Section . 

3 
A A 

. 

-Vegetation removal - in first sentence, change "developer " to "MWD. 
e 

6 
Section 

6 
A A 

- fix n values, all are missing a 0 (n-0 3 should say n = 0.03) . 
7 Section 

6 A A 

- Vegetation removal - our n value allows sparse trees and shrubs, yet following paragraphs 
say to remove all trees and shrubs. I would think the list of native trees would be the ones we 
want to keep. Deep roots are needed for any tree that is to survive without regular water. 

8 
Section 

6 Allowed vegetation and sparse trees and shrubs A A 

- Add page numbers to document. . 
9 Gen. A A 



- 
Carol Uraine 

General 

1 Gen A 

In the Supplementary General Condit~ons, Subsection 105.6 - Cooperation 
with Utilities -the contact under Maricopa Water D~strlct should be me 
and the contact phone number should be 623-546-8266 

• Ok. 

Don Rerick 

A 

-this is the text we have been using in the SGC's Stibsection 105.8 for record drawings. The 
Contractor does not prepare the actual as-built record drawings The Engineer of Record now 
w ~ l l  do that under this PDS contract The specifics of how the record drawings are to be 
prepared will be described in the PDS SOW. Please use the following text for the SGC's 
- Record Drawings shall be prepared by the Engineer of Record ut~llzlng red-lme working 
drawings maintained on the project site by the Contractor The paper red-line wo~king 
drawings shall be maintained by the Contractor in a current condltlon at all times, and 
updated at least weekly unt~l completion of the work and shall be available for review by the 
Engineer and the Engineer of Record at all times. The fmal red-line working drawings shall 
be provided by the Contractor to the Engineer prior to project dose out and prior to the final 
contract payment. Fmal contract payment may be delayed if it is found that the red-lme 
working drawings are incomplete or inaccurate, and until appropriate corrections are made by 
the Contractor to the red-line working drawings . 

A 

Special 

1 A 

Provisions 

Section 
105'8 

Gary Shapiro 

General 

1 

1 2  

0 

A 

B A  

A 

Gen. 

Gen. 

- There was no mention or an analysis for a changing chamlel. Ge~~erally a low "n" value is 
used to analyze the velocity component that has an effect on the scour potential. Also a high 
"n" value is used to determine if the channel has adequate capacity. With using or analyzing 
one "n" valuc a maintenance plan needs to he developed to insure that the channel remains at 
the designed "n" value. 

Allowed 0.03 to 0.035 

- There is mention of reno mattress through out the specs should this be deleted? Did not see 
reno mattress in the plans 

Yes 



Gary Shapiro 

I l l  

Drawings 

- Add 350-1 Remove gate and reinstall lon C5 
- Add 350-4 Remove handrail 28lfon C5 
- Add 420-1 new gate west side O&M on C5 
- Add 507-8 3' drop structure 2 on C4 
- For item 520-1 handrail change quantity from 146 to 171 
- The stockpile riprap is by the SY the bid tab and spec is by the CY 

Ok 
* Ok 

Added 520-1 
Ok 

General 

- 

1 

Will use SY. Change Specification I ' O k  

-For the side wash drop structures the plans and specs indicate two different scenarios. On is 
that the drops are grouted boulders and the other is grouted riprap. Please make necessary 
corrections to clarify this discrepancy. Some suggestions are incoqorated in the comments 
below. 

Ok 

Section 6.0 Vegetation Removal it points out that the range of "n" 
values are between 0.25 to 0.35 this should be changed to 0.025 to 
0.035. This range of "n" values should allow for some growth of grass 
and weeds, as well as sparse growth of bushes and trees. . 

I 

Gen. 

Gen. 

I II 

G4 

A 

A A  

I 

3 

4 

I 

4 

A 

- Provide street names 
Ok 

Cl  

A A 

- Provide a turnaround some where in the vicinity of station 513 
- In note 4 include from station 5 11 

Deleted maintenance road across channel and added ramps into channel 
D D  



Gary Shapiro 

-Include a gate with a 40' set back for the west O&M road 
- Should there be a guard rail betweenNorthern and the drop structure? 
-Add a removal note and call out indicator #3 remove existing handrail 282f A A 
-Note 14 reinstall stock piled 18" riprap, drawing ST1 shows the same configuration hut 
calls it existing. Is this really a stock pile or is it actually bank protection? If it is bank A A 

C5 protection --why reinstall it? 

Ok. Need Detail A A 

NICNorth 
* Ok A A 

New Cut Line & Drop Structure. Will show Detail 

6 

7 

8 

9 

ST2 

ST4 

D S ~ - D S ~  

DSS 

. 
-Downstream cut off wall is indicated as 6'. In the design report it is indicated as 10'. This 
probably should be 10' 

Ok 

- Same comment as ST2 
Ok 

-Should the upstream cut off wall be 6' instead of 3.5? 
-Provide notes as shown on drawing DS4 
-Note 2 states, 24" boulder for slope and apron with 36" for sill. Based on the design report 
a 2.5' sill is required. This would need a 42 "boulder. 
-Provide a cut section or call out indicator in the plan view where section A is 
-At the upstream center line there is an elevation that is 1206.1 on sheet DS4. This elevation 
should be 1209.1. 

Yes 
Ok 
Ok 

* Ok 
Ok 

-In the downstream cutoffwall detail change the riprap thickness from 30" to 5.5' 
-The grout line for the sill 42" boulder should be 1' higher than the grout line for the apron 
24" boulders 

ok 
Not needed for such a large boulder 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A,D 



Gary Shapiro 

rigs 

-In the table provide 2 more columns one for the dumped riprap (D50) and one for the bed 
thickness. The DL4 column is for the grouted boulders. See Spec comment section 220. 
-The sill height should be 1' is this to he a larger boulder or a concrete sill? Provide 
necessary info for clarification. B B 
-There are notes for gravel bedding in section A & B (9" for D50 =24") these should be 
deleted with the addition of the 2 columns in the table. This was probably meant to say (9" B A 

DS6 for 24" boulder) 
- The ford road detail and the ford road notes do not make sense when compared to the B B 
elevation shown on the C sheets for the O&M road. . Not needed. Shown on Detail B A 

Call out diameter as Boulder diameter 
Ok. Clearer with notes 
Ok. Will revise 

- Show O&M roads and Water surface 
- The backside of the fill areas need to have a min slope of 4:l 

Showed water surface-Decided to not show the O&M roads since the locations 

XS1-XSll 
are approximate and the Engineer wi11 field locate A A,D 
Existing slopes already at 4:l 

Gary Shapiro 

Special Provisions 

- The gradation for the D50 = 6", 12" and 36" can be deleted 
- Include the gradation for the 24" 

1 
Section . A A 
220.4 

- The sentence that states that boulders vary from 24" to 48" should be reworded. Boulders 
should not vary more than 6" +- from the prescribed size. It appears that boulders vary fiom 
18" to 42" with the 6" variance this would be 12" to 48". 

Section . A A 
220.5.1 

-The stockpile dumped riprap is by the C Y  the quantity sheet has it by the SY and the bid tab 
has it by the C Y  

3 Section 8 Will use C Y  A A 
220.8 

- Include the removal of the handrail . 
4 Section A A 

350.1 



- Change the %st paragraph for item 350-1 to read as follows. 
-Payment for the removal and storage of the existing gate shall be made on the basis of the 
price bid per lump sum, and shall include all labor, materials and equipment necessary to 
remove, store and reinstall the existing gate. 

- Remove the grouted riprap &om this section. 

-Boulders shall meet the same requirements as riprap. Does this include the same gradation? 
Should the boulders be h6" fiom the specified size? There appears to be intermingling 
between boulders and grouted stone 

* Deleted B B 

-There should be a gate for the west O&M road. Provide a bid item and a detail for the plans. 
* Item 520-2 

A A 

Jeff Riddle 

Special Provisions 

- In Subsection 703.3 Concrete delete the following sentence. "Fibermesh, or equivalent, 
shall be added to the grout mix at the rate of 1.5 pounds per cubic yard of grout" We do not 
want any fibemesh added to the grout. 

1 
Section 
703.3 Our concern with removing the mesh is that the fiber mesh gives the grout C 

some tensilestrength and helps hold the grout and the boulders together. Plain 
grout will crack much easier. 

Joel Rossman 

Drawings 

- Should we have some direction on how to rnn the rebar for the steps - I don't see anything 
in the plans. 

1 
. 

C 



-To expedite reviews, recommend dating documents so that time is not spent reviewing 
previously approved items. 

I 

Gen 

ST4 

I 

1 

2 

@ 
John Chua 

-The design for the outlet structure recommends that 1-foot thick slab on grade (as well as 
the drop structure steps) should be reinforced using #4 bars at 1'4" spacing. It is uncIear 
what references and design assumptions were used for this design. Based upon what is 
shown in the drawings the steel reinforcing required is 360% more that what is provided.. 

We had initially used the AZ standard apron details for reinforcing. 
Considering ACI 350-01 10.5.1. (10-3) and assuming the slab on grade is a 
flexural member the required reinforcing is #5 bars @ 10" (not #4 @ 1'-0"). 
We're unclear as to the 360% reference. Please clarify. 
Do we use this Criteria - 1 layer #5@5" - 2 layers #4@ 

- There are no calculations included for the design of the 3-Feet high end sill (shown on 
drawing sheet ST4). Please provide this documentation to justify the design shown 

Calculations for the end sill reveal a F.S. of 25 with #4 bars a t  1'-0". We will 
use the minimum reinforcing preciously referred to in each face or #5 bars at 
10". Supporting calculations have been prepared. 
Same 

C 

C 

A 

A 

Drawings 

L 

1 

2 

DS2 

C5 

- One of the vertical depth dimensions for the downstream cutoff wall at station 548+27.08 
appears to be incorrect. The 6'-0" dimension shown for the entire wall should be between the 
surface of the floor slab and the invert of the cutoff wall as shown on Sheet 17 of 27-Sect~on 
A. 

Sheet DS2 was omitted from the plans on our set but the DS sheets 
inadvertently were not renumbered. The 6 foot dimension on the downstream 
cutoffwall seems to he shown correctly on the ST sheets? 

- CONSTRUCT item 20, Outlet Drop Strucke, references drawings DSl and DS2. It is 
unclear why these have been referenced as DSl is titled Rip Rap Detail and DS2 has been 
omitted. Believe that this item should reference drawings STI, ST2, ST3, and ST4. 
- CONSTRUCT item 19. Check that the referenced drawing is correct. . We will reference the drawings correctly on the 100% submittal. 



11 John Chua 

- Section C (ST2) shows the Apron as being 12-inches thick; the structure plan view (STI) 
shows the steel reinforcement as #4 @ 1'-0" each direction; and Sections B, D, and G (ST4) 
shows one layer of steel reinforcement for the Apron. Based upon the requirements of TR-67 
W C S  Reinforced Concrete Strength Design) and AC1350-01 (Code Requirements for 
Environmental Engineering Concrete Structures) for temperature and shrinkage 
reinforcement, the reinforcement provided for the structure may not adequate. Please provide 
supporting documentation for the apron design. 
- Section G (ST4) shows the vertical reinforcement for the end sill as #4 @ 1'4" for both 
upstream and downstream faces. Please provide supporting documentation for the end sill 
design as the current configuration appears inadequate 

See comments under calculations above. 

John Griffin 
F .P ..-.-. 

- We need to add a sentence to the formlmer specs "The f o ~ m  liner shall be oriented to obtain 
the most shadows, per direction of the engineer's representative". 
- We should spec@ that on all steps the direction of the texture follow the curve of the step 
to accentuate that form. That would also include the portion of the top apron above the frst 
step. For the bottom apron, the texture should be in line with the flow of water. 

Added notes to plans 

J. Loxley 
Drawings 

I I I I 

Gen. 

- Add hdscp plans for seeding area. Recommend M i  B for outside of O&M road 
Notes will be placed on drawing to clear, grub and excavate area within cut/fill 
line shown on the drawings. Areas ouside the cutlfill line shall be kept 
undisturbed except as needed to grade the mainterlance road. Those areas 
between the cutfill line and tbe right of way shall be overseeded with a Type B 
mix. 

0 Please provide seed mixes and special provisions 

Gen. 

Sht. 4 

- Add callouts or labels for shown features: drops, O&M road, access ramps, side wash drops, 
etc. I I 

-Add construction limts to DWGs 
Cut fill line is the construction limit except for maintenance road 

Ok. I A I A  

D D 



-Colors of railings should match NIC North. 

- More complete label for drop plan. 

- Draw proper radii for O&M road. What is design vehicle? (This comment valid for all plan 
sheets) Special attention for Northern Ave. access is suggested. 

Will round "sharp bends" on plans using 20 and 35 foot radii on edges. Road L 
15 feet wide giving vehicle ample room to turn on curves. Road location will be 
described as approximate on plans. Landscaping representative of F'CDMC will 

D,A D,A determine finaI location of maintenance road. 
e Use 20 foot radius at Northern 

- Is O&M road layout accounting for slope changes and drainage crossings? Ifnot 
recommend O&M road alignment be designed and drawn accurately. (This comment valid 
for all plan sheets) 

See previous comments A 

- At Northern Ave. is entrance gate installed? If so show. Account for design vehicle and gate 
clearance issues in design. 

e Will add gate set back 40 feet from northern using detail provided by FCDMC. A A 

. 

- Recommend form limer and colors to match NIC North. 
See EPG notes. 

A A 

- Recommend drainage design for O&M road. Concentration points will erode channel banks. 
See previous comment 

D D  



11 

12 

- 
J. Loxley 

Sht. 16 

Sht. 18 

-Recommend rounding of step edges. If not will chip and flake off. If only stain not integral 
color this will be an issue. 

Will provide %" chamfer on all exposed edges? 

- Call-out varying boulder sizes. 
See Landscape Plan by EPG 

Drawings 

13 

) 14 

A 

A 

- Copy notes to previous page. Indicate what percentage of big vs. small boulders. 
See Specifications 

- Callout broadest face of boulder to be placed up and horizontal 

- copy appropriate notes and callouts to each drop structure sheet (comment applicable to all 
drop sheets. Provide consistent direction on each sheet) 

Sht. 18 

Sht. 18 

A 

A 

-Add berm between pinch and O&M road 
See Landscape Plan by EPG 

- Refme notes to include: (copy to pages 19,20,21) 
a. Grout level to 6"of top face of boulder on upstream side and grout level 

to12" of top face of boulder on downstream side. 
b. Top surface of boulder placed with broadest face up a d  horizontal 
c. The design intent is to place the bouders so as to present a stepped structure 

surface rather than a sloped surface (Recommend spot elevations on plan to 
assist) 

Not practical 
O k  
O k  Spot elevations not practical. 

A,D 

A A  

A,D 



18 

- 
J. Loxley 

- I need clarification on cross sections. Bobbie I will speak with you. 
Barry clarified 

Sht. 22-32 

J. Loxley 
Specifications 

- need confirmation that all riprap is angular 
* This will not allow the rip rap to "launch" as well as rounded. Need further 

direction from FCDMC. Used MAG Spec 

A 

C 

A 

D,A 

A 

3 

4 

5 

A 

1 

D 

D 

D,A 

D 

Section 
201 

-How is clearing grubbing limits delineated? Where is topsoil salvage? 

No topsoil salvage is included in this o r  the NIC North project. Discussion was 
held with EPG and JAL concerning the possibility of using drilled seeding. 
Awaiting further direction and special provisions 

* Special Provisions will be revised to describe clearing and grubbing only witbin 
the cufffill line shown on the drawings and as needed to grade the maintenance 
road as directed by the FCDMC landscaping representative. EPG to provide 
KM with a detail of the T bar to be used to stake the clearing and grubbing 
limits. 

Section 
220.4 

Section 
220.5 

Section 
430.2 

A,C 

- selection of source to be approved by ENGLA. . See 220.5.1 

- 6"paragraph - include comment above and change to read "Top of boulders to be set at 
design grade. Place broadest face up and set horizontal. The design intent is to place the 
boulders sa as to present a stepped surface rather than sloped. 

8 We have had problems with setting the boulders a t  design grade of getting too 
low because of the variance in boulder sizes. Consequently we have beed 
specifying that the subgrade for the ABC be placed a nominal boulder 
diameter below the profile grade meaning some of the boulders will be above 
grade. 

0 We will add note on the stepped surface appearance. 

- 14"- 16" paragraphs- Native seeding areas need to be leR in a roughened condition. 
This is specified clasewhcre 



4 

Section 
430.3.4 

Section 
430.3.5 

Section 
430.3.5 

Section 
430.3.5 

- 6" paragraph- add Leyman's Lovegrass to list of seed not acceptable. 

- Recommend multiple step process for Hydroseeding. In a single step process as specified, 
the seed rate should be increased to compensate for all seeds not having direct contact with 
the soil. 

Please provide us with updated special provisions 

- 2"d paragraph- modify to read "all seeded areas shall be roughed to a minimum 6" depth 
following plating of salvaged topsoil. Tillage shall be parallel to the contour of the slope. 

See comments above 

- Slurry Mix -Recommend Fertilizer by slow release s u l k  coated. 
Please provide a special provision 

J. LoxIey 

C 

A 

A 

lo 

11 

l2 

13 

A A  

U 

Specifications 

, . 

Section 
430.10 

Section 
505.3 

- Section 
703.1 

Section 
703.3 

- Why are cut and fill slopes outside and adjacent to the O&M road excluded. I recommend 
they be included as hydroseeded and provide additional over story species for the mix of 
those areas. 

* Please provide special provision for new mix 

- Recommend the same forms and colors be used as NIC N. . 

-Recommend all rip-rap be angular "durnpeB' 
a. All rock for all drops come from same source 

* See previous comment 

- Change to read "grout color shall blend with surrounding soil color". 
TO be approved by Engineer's representative 

A 

A 

A 

A 

A 

D 

A 



I Kumar Hanumaiah 
Drawings 

1 

2 

3 

-Include Two 3'-0" Drop Structures under Bid.No.507-8 
Ok 

- General note3 refers to Form liner. Recommend to show a Part plan and short section of 
the Form Liner Details on one of the plan sheets. 
-Recommend Expansion joints at the junction of the South Sill wall and Standard ADOT 
walls at each end. Show a Detail of expansion Joint with %" Joint material with joint sealing 
compomd. Also show a Construction joint detail with a minimum bar lap of 2'-0". Spacing of 
constmction joints can vary fiom a minimum of 30' to a maximum of 50'. 

Contractor is to provide shop drawings 
Will show joints 

- Indicate Approximate quantity of Concrete in cyds. and the Reinforcing steel in lbs. 
infoming the contractor about the total approximate quantities. . Our experience is that this can cause cootractural problems if there are errors. 

Bobbie to discuss with Don Rerick 

Q1 

ST1 

ST2 

Kumar Hanumaiah 
Drawings 

A 

A 

C D 

A 

-Referring to Step Detail-E, # 4@ 12" bent bars, recommend extending the vertical leg of the 
bent bar to the bottom of the slab and then show a bend to provide sufficient development 
length. Same comment for the bottom diagonal bent bar, recommend extending to the top of 
the slab and then show a bend 
- Construction Cost: Cost of $400.00 per cyd. is used and this appears to be on the low side 
and recommend using between $600.00 to $650.00 per cyd. 
-Reinforcing steel of 3 1026 lbs. is used for the cost estimate which is also on the low side, 
recommend using 100 lbs. to 120 ibs. per cyd. of concrete which will increase the cost of the 
reinforcing steel. . 

4 ST4 

Larry lambert 2-01-07 
Drawings 

D D  3 ST3 

- This construction drawing has dimensions to 0.01'. Some of the 
dimensions are 1.74' or 25.02' (these should be 1'-9" and 25'-0" 
respectively). Please consider changing the dimensions to feet and 
inches (suggest strongly that the dimensions be no tighter than nearest 
inch). The structure is fiee form and shouldn't require dimensions to 
0.01'. 

Team decided this was ok for the step details since surveyor will be staking out. 



Richard Waskowsky 
Drawings 

1 

2 

Sht. 20 

-the downstream cutoffwall detail lists a 30 inch thickness for the dumped riprap. This 
should actually be 5.5 feet . Ok 

-In the plans the 3 foot drops both have launchable riprap extending 25 feet, however, in the 
scour analysis for the drop shcture at station 538 the recommended scour is 5 feet deeper 
than the first 3 foot drop structure because of the inclusion of long-te~m scour. W~th this 
added scour, should the scour protection be extended? 

e 25 feet was determined to be OK 

Richard Waskowsky 
General 

B,C 

1 

A A  

D 

-All digital fdes (Excel spreadsheets, HEC-RAS files, etc ) used in the analyses should be 
included with the submittal . Ok 

Richard Waskowsky 

A A 

General 

2 

3 

- For clarity, in the Scour Analysis section of the report, please only submit the necessary and 
final calculations for NIC south. For example, the report still contains the scour calculations 
for the drop structure at station 535. It also contains the initial scour analysis for NIC north 
from November 2006. 

I t  would be adviseable to i~~c lude  it all here since the NIC North calculations 
were performed during construction. 

- In the scour analysis for the side washes, the Schoklitsch drop structure scour has an Excel 
error. This scour should be calculated or explained why it 1s not used 

No data was available for the SchoMitsch drop. Even if data was available it 
would have a negligible effect. 

C 

A 

D 

D 



- In the Total Scour spreadsheet, the 8 foot drop structure is calculated to have launchable 
riprap; however, in the plans (sheets 12-17) the scour protection at this drop is in the form of 
an apron (the thickness is shown as 30 inches). Will the apron provide enough protection or 
should launchable riprap be used? 

It was decided to provide 27 feet of 5.5 foot dumped riprap on the channel 
bottom as  a precautionary measure. The apron provides an added level of 
protection. 

-In the costs, dumped riprap @50 = 18") is listed at both $50/cy and $ 6 5 1 ~ ~  for item 
numbers 220 and 206, respectively. Are these two distinct items or should there only be one 
price? . 



From: "Bobbie Ohler - FCDX <BAO@mail.maricopa.gov> 
To: <bling@kirkham.com> 
Date: 4/16/2007 7:09 AM 
Subject: FW: Survey Text for the SGC's 

Barry - can you please add this new language into the SGC's - need to 
make sure the cost for this survey verification is covered in other 
items of work, too. Thanks. 

From: Don Rerick - FCDX 
Sent: Monday, April 16,2007 7:00 AM 
To: Scott Vogel - FCDX; Bobbie Ohler - FCDX; Raju Shah - FCDX 
Cc: Fritz Huber - FCDX; Don Rerick - FCDX 
Subject: FW: Survey Text for the SGC's 

Please include the added survey language below in red into all future 
SGC's. Thank you. 

From: Fritz Huber - FCDX 
Sent: Tuesday, March 20,2007 557 AM 
To: Don Rerick - FCDX ~ - 

Subject: RE: Survey Text for the SGC's 

see below 

Fritz 

From: Don Rerick - FCDX 
Sent: Monday. March 19,2007 3:03 PM 
To: Fritz Huber - FCDX; John Stock - FCDX 
Cc: Don Rerick - FCDX 
Subject: Survey Text for the SGC's 

Based on our collective discussions today I would like to propose the 
following text to be included as a Part D to SGC 105.8 Construction 
Stakes, Lines, and Grades. The present Part Don Record Drawings will 
then become Part E. 

It is mandatoty that prior to the commencement of any construction 
activities, the Contractor, the Engineer and the consultant who prepared 
the plans will field verify project control identified on the plans. 
The physical location and description will be verified. The horizontal 
and vertical monument data relative to the assigned datum's w~ll be 
verified using conventional electronic measurement techniques. 
Traditional field notes will be compiled and the original field notes 
will be provide to the Engineer. Such field verification will not be i 
accomplished solely using GPS technology and equipment. 



'0 Let me know of any edits or changes you may recommend and I will then 
put this in final form and provide to the PM's for use in all future SGC 
documents. Thanks. 



:* - - -i -. .-.: --- : - . ., .- . .. . , - .- . . - ... . -." .. -, .... -. -.. .. , . . .. . .. -- .. .. 
(51812007)  try Ling - FW: NIC -Annual lnspections and Survey - . - - . - - . - . . . . . -. . . . . . - . - . . . . . - - .. . - . . . . . -. . . . . . . - - . -. . . . Page I] 

. . . . . . . 

From: .,a To: 
"Bobbie Ohler - FCDX <BAO@mail.maricopa.gov> 
<bling@kirkham.com> 

Date: 411 812007 1:22 PM 
Subject: FW: NIC -Annual inspections and Survey 

Hi Barry -we will be adding a document to the O&M manual, per Carol's 
email below. 

From: Carol Uraine [mailto:carolu@mwdaz.com] 
Sent: Wednesday, April 18, 2007 1:21 PM 
To: Bobbie Ohler - FCDX 
Cc: Glen Vortherms; Koko Kvistad; Jim Sweeney 
Subject: NIC -Annual lnspections and Survey 

Hi Bobbie! 

Our properties and contracts people have pointed out that although the 
annual inspections are addressed in the IGA, there is no mention of 
Notice to MWD, prior to entry on the property, or the fact that 
certificates of insurance must be in place prior to FCD entering for 

@ 
those inspections 

I will write a formal letter of agreement to you explaining the 
procedure and then if you would send an acceptance letter back we will 
be set. We could put this information in the 0 & M Manual to make 
certain that the proper procedures are followed for these annual 
inspections and survey. 

I will foward that to you as soon as I get it ready and approved 

Sorry about the mix up Bobbie! 

Carol Uraine 

Project Engineer 

Maricopa Water District 



e Zm: Barry Ling 
I tornnase@rnail.maricopa.gov 

Date: 4/3/2007 3:08 PM 
Subje&. survey bench mark 

CC: Bobbie Ohler - FCDX 
Tom 

Are the notes regarding project bench mark and basis of survey on sheet G4 still good to use on NIC South or were there 
problems? 

Thanks 
Barry 



"Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 
"Barry Ling" <bling@kirkham.com> 

Date: 4/3/2007 855 AM 
Subject: WTFRS #3 NIC South 

Barry - we discussed fibermesh in grout today, with Ed, Fritz, Shewa, 
and Charlie Klenner. Ed says rock grouting was done for years with no 
fibermesh, and it was thrown into the specs of one of one of our 
contracts about six years ago upon the recommendation of a fibermesh 
sales rep, and just kept getting copied. He thinks Denver copied our 
specs too, since they all say the same thing (1.5 pounds of fibermesh 
per cy) and don't even say what type of fibermesh to use. Ed is taking 
it out of our drainage manual. At this point, we would like to delete 
it from the NIC South specs. Are you OK with that? 
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From: "Richard M. Waskowsky - FCDX <rmw@mail.maricopa.gov> b ,TO: <bling@kirkham.com> 
Date: 3/7/2007 4:16 PM 
Subject: NIC South Channel Comment Clarifications 
Attachments: NICSouthChannel~rcvdJan252007~sentFeb2007.doc 

... CC: "Bing Zhao - FCDX <biz@mail.maricopa.gov>, "Bobbie Ohler - FCDX <BAO@m 
Barry: 

Here is a clarification for comments 4, 5 and 6 in the attached comment 
letter (dated February 12, 2007): 

4) In the report in the section titled "Sidewash Drop Structures" in the 
Excel printout "Sidewash Scour Analysis.xls", the Schoklitsch local 
scour column shows a "#DIV/O!" error. Does this error change any results 
in the spreadsheet?, If yes, please correct this error and use this 
value in the average of local scour column in the same printout. If 
not, you may keep them in the report. 

5) In the spreadsheet "NIC-Total Scour Analysis.xls", the two 3 foot 
drop structures have estimated scour values of 16.77 ft and 21.66 ft, 
respectively. However, in the plans on sheet 20, both these drop 
structures have launchable riprap protection extending 25 ft. With this 
difference in scour, the question arose whether the protection was 
adequate for both drop structures. However, it appears that when the 
launchable riprap was sized the more conservative scour depth estimate 
of 21.66 ft was used, since when the length of launchable riprap is 
calculate with this depth the length becomes 25.4 ft, which is close to 
the 25 ft shown in the plans on sheet 20. Comment resolved. 

6) In the plans for the 8 ft drop structure (sheets 12-17), there are 
some errors. Sheets 12 and 17 show a length of riprap protection of 
-75ft;'however, on sheet 14 the length is listed as 27 feet and 1 inch 
with the thickness shown as 3 ft. For launchable riprap, the thickness 
should be 5.5 ft and the length should be 27 ft (based on my check). 
Therefore, the length needs to be corrected on sheets 12 and 17, so that 
it shows the 27 ft of length, and on sheet 14 the thickness needs to be 
5.5 ft. Please adjust the length for other sheets if necessary. 

Hopefully this clarifies the comments. Please call if you have any 
questions. 

i Thanks. 



Richard Waskowsky 

Hydrologist 

Flood Control District of Maricopa County 

Tel: 602-506-41 13 

Ernail: rrnw@rnail.rnaricopa.gov 



From: "Richard M. Waskowsky - FCDX" <rmw@mail.maricopa.gov> 
To: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov>, "Bing Zhao - FCDX" 
<biz @m... 
Date: 12/12/2006 8:38 AM 
Subject: RE: NIC 

CC: <rdurkee@kirkham.com>, "Jeff Riddle - FCDX" <jrr@mail.maricopa.gov> 

Yes, the 5.5 R was for the launchable riprap at the drops and the 30 
inches was for the apron at the culvert. 

Thanks, 
RW 

From: Bobbie Ohler - FCDX 
Sent: Tuesday, December 12,2006 7:24 AM 
To: Bing Zhao - FCDX; Ijgagnon@kirkham.com' 
Cc: Richard M. Waskowsky - FCDX; 'rdurkee@kiam.com'; Jeff Riddle - 
FCDX 
Subject: RE: NIC 

One question and one correction - are we still looking at going with 5.5 
feet thichess at the drops? 

n The 30 inches was not a field change, it was a conhact addendum. 

From: Bing Zhao - FCDX 
Sent: Monday, December 11,2006 6:36 PM 
To: 'jgagnon@kukham.com' 
Cc: Bobbie Ohler - FCDX; Richard M. Waskowsky -JCDX, 
'rdurkee@kirkham.com'; Jeff Riddle - FCDX; Bing Zhao - FCDX 
Subject: NIC 

Jen: Are you done with the scour computation? We did our preliminary 
estimates. Our estimate for the extra riprap for the 8 drops is 106 
cubic yards. Our estimate for culvert outlet protection is 406 cubic 
yards. Here are the procedures and assumptions. 

For 8 Drops: 
1. For the 8 drops, we use Lacey method for general scour. We use 
average of Scholitisch and Zimmerman for downstream local scour. 
2. The thichess for the original design is 30 inches instead of 24 
inches (Bobbi mentioned to me that it was a field change and some sheets 
in your plan also indicate that) 
3. The side slopes below drops do not need the exha extension. 

For culvert outlet: 
1. Fill the hole with liprap of 30 inches thick instead of 5.5 feet. 
5.5 feet is for launchable riprap (it is not the case here since we are 
designing the apron.) Please estimate D50 per our manual. If it is 
less than 18 inches, then just use 18 inches diameter. Our estimate 
for apron length per FCDMC 1996 Hydraulics manual indicates that it will 
require 115 feet length of apron (is yours also 115 feet). The length 



Sheet 17 of 27 

Please provide an ABC backfill behind the wall for water migration along 
with a drainage fabric at the face of the back side of the retaining 
wall. Please show a method for draining the last 8 foot of wall if the 
first weep hole is to be placed at 8 foot or show in the structural 
calculations that the wall is designed to retain the bottom 8 foot of 
saturated soil. 

5. Sheet 7 of 27 

Please include detail of handrail in drawing along with an attachment 
detail for the wall. Preferably core drill and grout in place instead of 
using embed plates. Please do not refer to a standard COP detail without 
inserting it in the drawings. 

6. Sheet 6 of 27 

Please provide a drainage ditch at side of maintenance road to keep 
water off of the MWD lands as discussed in the walk thru. 

el. ...a Mark Lewis, P.E. 
::{ 
.I 

Construction Project Manager 

Maricopa County Flood Control District 

2801 W. Durango 

Phoenix, AZ 85009 

Ernail: Marklewis@mail.maricopa.gov 

Ofice: 602-506-4703 

Mobile: 602-525-6786 



now is about 95 feet. So we will need another 20 feet of 30 inches 
thick. 

We will discuss this tomorrow. 

Bobbi: this is at the technical level discussion. Maybe we can let 
others know the result once KM finalizes the computation. I think we 
are getting very close. 

Thanks! 



From: "Bing Zhao - FCDX <biz@mail.maricopa.gov: 
To: "Jennifer Gagnon" <jgagnon@kirkham.com> 
Date: 11/8/2006 2:19 PM 
Subject: RE: Scour Analysis 

CC : "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov>, "Jeff Riddle - FCDX" <jr ... 
Jennifer: 

Are those soil sample sites on NIC area? Do you have a map showing where they are? Also, the 
construction of the channel will involve a lot of fillhut. Do we know the soil material sizes at the drop for 
the post-channel condition? 

Thanks! 

Bing 

-----Original Message----- 
From: Jennifer Gagnon [mailto:jgagnon@kirkhmam .corn] 
Sent: Wednesday, November 08,2006 1:31 PM 
To: Bob Durkee; Bing Zhao - FCDX 
Cc: Bobbie Ohler - FCDX; Jeff Riddle - FCDX; Richard M. Waskowsky - FCDX 
Subject: RE: Scour Analysis 

Hello, 

Attached please fmd the geotechnical gradation test results that were used to determine estimates for the 
bed material size information used in the scour analysis. 

Thank you, 
Jenn 

>>> On 11/8/2006 at 954 AM, in message 
~EF49FB912992D47A418AEBF697226390185F154@evs3enterismcopagov, "Bing Zhao - 
FCDX" <hiz@mail.maricopa.gov~ wrote: 

Bob, 

Thanks a lot! We will take a look at your calculations. By the way, where did you get the bed materials 
size information? Is there any reference? The geotechnical report does not cover the NIC. Did you do any 
soil sampling or estimate the sizes based on geotechnical report? 

Thanks! 

Bing 

-----Original Message----- 
From: Bob Durkee [mailto:rdurkee@kirkham.com] 
Sent: Wednesday, November 08,2006 852 AM 
To: Bing Zhao - FCDX 
Cc: Jennifer Gamon; Bobbie Ohler - FCDX 
Subject: Fwd: ~ i o u r  Analysis 

(0 
Bing: 



Attached are Jenn's scout calculations on the North Inlet Channel 
Project for your review. The hand calculations will be typed up and 
included in our report on scour. 

Bob 



From: "Bobbie Obler - FCDX" <BAO@mail.maricopa.gov> 
I To: "Bing Zhao - FCDX <biz@mail.maricopa.gov> 

Date: 12/28/2006 2 5 3  PM 
Subject: RE: WTFRS #3 NIC Scour protection 

CC : "Barry Ling" ~ l ing@ki iam.com>,  "Jennifer Gagnon" <jgagnon@kirkham.com ... 
I did subtract off the grout - and it still looks l i e  a cost of about 
$50K for the boulder drops alone. 

>From: Bing Zhao - FCDX 
> Sent: Thursday, December 28,2006 2:46 PM 
> To: Bobbie Ohler - FCDX 
> Cc: 'Bany Ling'; 'Jennifer Gagnon'; Jeff Riddle. 
> - FCDX; Bing Zhao - FCDX 
> Subject: RE: WTFRS #3 NIC Scour protection 

. FCDX; Don Rerick 

> 
>Bobbie: There must be some mistakes in the contractor's proposal 
> because they even included grouts (color) in the estimation and their 
> quantity estimation does not make sense. Let's correct the mistakes 
> fust and then consider deletion. 
> 
> Thanks! 
> 
>Sing 
> 
> -----Original Message----- 
> From: Bobbie Ohler - FCDX 
> Sent: Thursday, December 28,2006 2:26 PM 
> To: Bing Zhao - FCDX; 'Barry Ling'; 'Jennifer Gagnon'; Jeff Riddle - 
> FCDX, Don Rerick - FCDX 
> Subject: WTFRS #3 NIC Scour protection 
> . .  - ~. ., ...~. 
> Since contractor's proposal is very high, I'm we consider 
>the following: 
> 
> 1. Either live with an FS of 1.1 to 1.2, or delete low flow 
> incisement scow and include requirement in O&M manual that any 
> incisement after channel flows be regraded. This would allow us to 
>pretty much balance out the deletion from the upstream of the drop 
> structures with the addition to the downstream of the drop structures, 
> thus avoiding a major change order cost. Also, can we maintain a 
> 30-inch thickness in the event contractor claims a change (however we 
> can point out to contractor that less filter fabric will be required 
> if we go to 5.5 feet depth). 
> 
> 2. Can we delete some of the temporary dumped riprap and filter 
> fabric from downstream of the Northern boxes, to compensate for adding 
> dumped riprap and filter fabric downstream of Olive box? The quantity 
> ds of Northern is currently 1454 CY and the quantity needed at Olive 
> i s  413.6 CY. 
> 
> 
> 



From: 
To: 
Date: 

Bany Ling 
bling@kirkham.comjgagnon@kukham.com,BAO@mail.maricopa.gov 
12/20/2006 7:15 AM 

Subject: Re: NIC Revised boulder drops 

CC: jgagnon@kirkham.com,mch@kirkham.com 
Bobbie 
I know you are off tomorrow- this will add considerable cost. Might check with Fritz on the 
constructability issue. Perhaps if they did it in small segments it could be done. Of course if the hole opens 
up that Bing says we will get we would lose everything with the shorter wall. Are we sure we need this? 

PS- we are charging this redesign to the post design contract- only 10,000 left in there. 
Barry 

>>> Barry Ling >>> 
Now that Tom mentions it- I am concerned about the wall tipping over while excavating for the rip rap. I 
don't know if we need to go to 20 feet- Bing should answer that; but we probably need to go deep enough 
to give the wall stabiiity- I would guess 12 feet. Jen- please coordinate with Mantu to recommend a 
minimum cutoff wall depth and c o n h  with Bing. 

Thanks 
 ban^ 

>>> Jennifer Gagnon >>> 
Bobbie, 
I am attaching the most up-to-date excel sheets &om the scour analysis, which now includes computed cut 
off wall depths. The calculated cut off wall depths for these drops are around 8 feet (including factor of 
safety). For drops 7 and 8 of NIC Channel the calculated cut off walls are about 20 feet. Whether or not this 
increase in cut off walls is needed due to the additional rip rap protection we are now adding, Barry will 
have to answer this. But the rip rap is 5.5 feet thick in depth here, so the 6 foot cut off walls would still be a 
half foot deeper than the rip rap. 
Call if you would l i e  to discuss this, or have any questions regarding the excel sheets. 
Thank you, ~ ~ ~ ~ - . . 

Jennifer Gagnon 

Kukham Michael Consulting Engineers 
StonnwaterDrainage EIT 
9201 N 25th Ave, Suite 195 
Phoenix, AZ 85021 
602-328-5728 
jgagnon@kirkham.com 

Your Success is Our Passion! 

>>> On 12/19/2006 at 4:24 PM, in message 
<EEF49FB912992D47A4 lSAEBF6972263902196D48@evs3 .enterprise.maricopa.gov>, "Bobbie Ohler - 
FCDX" <BAO@mail.maricopa.gov> wrote: 

Bany and Jen - I gave Tom a set of the marked-up plan sheets that Jen sent, so contractor can start thinking 
about revised excavation. Tom has a question - the cut-off wall at downsheam side of drops is 6 feet, but 
the dimensioning starts at the top of the boulder. It appears the riprap will he deeper than the cut-off wall. 
Do the cut-off walls also need to be revised? 



'D From: "Bing Zhao - FCDX" <biz@mail.maricopa.gov> 
To: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov>, "Jennifer Gagnoo" i j g a p o  ... 
Date: 12/5/2006 1.03 PM 
Subject: RE: NIC Rip Rap Protection 

CC: "Jeff Riddle - FCDX" <jrr@mail.maricopa.gov>, "Richard M. Waskowslg. -PC... 
Bobbie: We will take a look at KM's quantity calculations. My impression was that the quantity should not 
change much. It is not related to 2-feet issue since they are using volume. All of us are in a training class. 

Thanks! 

From: Bobbie Ohler - FCDX 
Sent: Tue 12/5/2006 12:58 PM 
To: Bing Zhao - FCDX; 'Jennifer Gagnon'; 'Bob Durkee' 
Cc: Jeff Riddle - FCDX; Richard M. Waskowsky - FCDX, Dave Degemess - FCDX; Don Rerick - FCDX; 
Ed Raleigh - FCDX 
Subject: RE: NIC Rip Rap Protection 

According to Jen's calcs, this will add over 3000 CY of riprap to NIC North, which will cost almost $200K. 
I was under the impression that we were leaving the 2-foot thickness as-is and extending it a bit, and 
decreasing it upstream which would compensate for the additional nprap needed at Olive Avenue. 

We will need another meeting with management on this - I will set one up. 

From: Bing Zhao - FCDX 
Sent: Tuesday, December 05,2006 1252 PM 
To: Bobbie Ohler - F D X ;  'Jennifer Gagnon'; Bob D ~ k e e  .. ~ .~ .. ~ 

Cc: Jeff Riddle - FCDX, Richard M. Waskowsky - FCDX, Dave Degerness - FCDX 
Subject: RE: NIC Rip Rap Protection 

Bobbie: The launchable stone design requirements may not allow 2 feet of thickness. The thickness H 
should be between 2*T and 3*T where T=1.5*d50 where d50=18 inches = 1.5 feet. So T=2.25, then H is 
between 4.5 feet and 6.75 feet. Therefore, 5.5 feet is okay. If you want a thinner layer, then maybe we can 
use 4.5 feet. Then, the length will acccordmgly increase so the total volume is the same. 

Thanks! 

Bing 

From: Bobbie Ohler - FCDX 
Sent: Tue 12/5/2006 11:42 AM 
To: 'Jennifer Gagnon'; Bob Durkee; Bing Zhao - FCDX 
Cc: Jeff Riddle - FCDX 
Subject: RE: NIC Rip Rap Protection 

Bing is in a class this morning, but hopefully he will check his emails at lunchtime. I t h i i  we should be 



A changing all of your 5.5 foot dimensions back to 2 feet. 

Bing, what do you say? 

From: Jennifer Gagnon [mailtn:jgagnon@kiikham.com] 
Sent: Tuesday, December 05,2006 11:39 AM 
To: Bob Durkee; Bobbie Ohler - FCDX, Bing Zhao - FCDX 
Cc: Jeff Riddle - FCDX 
Subject: RE: NIC Rip Rap Protection 

Changing the thickness allows for a much shorter length, the overall volume must stay the same, but length 
and depth can he adjusted. 

>>> On 12/5/2006 at 11 :29 AM, in message 
iEEF49FB9 12992D47A418AEBF6972263902196C2B@evs3.enterprise.maricopa.gov>, "Bobbie Ohler - 
FCDX" <BAO@mail.maricopa.gov> wrote: 

Why are we going fiom 2 feet thick to 5.5 feet thick - I thought the 
thickness stayed at 2 feet and the length just changed. 

-----Original Message----- 
From: Bob Durkee [mailto:rdurkee@kirkham.com] 
Sent: Tuesday, December 05,2006 10:30 AM 
To: Bobbie Ohler - FCDX; Bing Zhao - FCDX 
Cc: Jennifer Gagnon 
Subject: Fwd: MC Rip Rap Protection 

Attached for your comment are the proposed revisions to riprap 
quantities on the NIC project. 

Bob 



From: "Bobbie Ohler - FCDX <BAO@mail.maricopa.gov> 
To: "Bing Zhao - FCDX +iz@mail.maricopa.gov>, "Bany Ling" <bling@kirkham .... 
Date: 1/2/2007 7:39 AM 
Subject: RE: WTFRS #3 NIC Scour protection 

CC: "Jennifer Gagnon" <jgagnon@kiikham.com>, "Don Rerick - FCDX" <djr@mail.m.. 

Shewa is planning to have further discussions with them, with your 
redline drawings, and if they have W h e r  questions, or come up with 
different quantities, I'll set up a meeting with us all then. I also 
pointed out to Shewa that we will actually be using less filter fabric 
on the revised drop structures. 

-----Original Message----- 
From: Bing Zhao - FCDX 
Sent: Friday, December 29,2006 9:41 AM 
To: 'Barry Ling'; Bobbie Ohler - FCDX 
Cc: Jennifer Gagnon; Don Rerick - FCDX, Jeff Riddle - FCDX; Ed Raleigh - 
FCDX; Bing Zhao - FCDX 
Subject: RE: WTFRS #3 M C  Scour protection 

Bany: It is apparent that they did not figure out the quantity 
correctly. Their estimate for 8 drops alone is 21 10 tons while Jen's 
estimate (agreed upon by FCD) is 187 cubic yards. This different is 
tremendous. I wonder if you and Jen can sit down with them to go over 
the details with Ames so they will submit the correct quantity. 

Thanks! Happy New Year 

-----Original Message----- 
From: Bany Ling [mailto:blmg@kirkham.com] 
Sent: Friday, December 29,2006 8:39 AM 
To: Bobbie Ohler - FCDX, Bing Zhao - FCDX 
Cc: Jennifer Gagnon; Don Rerick - FCDX; Jeff Riddle - FCDX 
Subject: RE: WTFRS #3 M C  Scour protection 

I was at the patnering meeting and they said the change order was just 
a matter of figuring the quantity and multipling by the bid price($62?) 
and it was totalling aronnd $100,000. They were still figuring 
quantities and were having a little difficulty interpeting the redline 
drawings. I'm wondering if they used the entire riprap areas instead of 
just in the channel bottom downstream? The side slopes and upstream stay 
at 30". I have not seen the contractor's estimate. 

The color for the grout is $3/pound. The contractor may have submitted 
it just for your information. 

The drawings are nearly complete. We still need to decide what to do 
about the maintenace access to the box at Olive. I tend to think we 
should stay with the dumped riprap. There are a couple of other minor 



items to discuss on the drawings. 

I will be out of the office today but will be in on Tuesday. Jen is also 
out today. We can talk then. 

Thanks and Happy New Year! 
Barry 

>>> "Bing Zhao - FCDX" <biz@mail.maricopa.gov> >>> 
Bobbie: There must be some mistakes in the contractor's proposal 
because they even included grouts (color) in the estimation and their 
quantity estimation does not make sense. Let's correct the mistakes 
fust and then consider deletion. 

Thanks! 

Bing 

> -----Original Message----- 
> From: Bobbie Ohler - FCDX 
> Sent: Thursday, December 28,2006 2:26 PM 
> To: Bing Zhao - FCDX; 'Barry Ling'; 'Jennifer Gagnon'; Jeff Riddle - 
> FCDX; Don Rerick - FCDX 
>Subject: WTFRS #3 NIC Scour protection 
> 
> Since contractor's proposal is very high, I'm proposing we consider 
>the following: 
> 
> 1. Either live with an FS of 1.1 to 1.2, or delete low flow 
> incisement scour and include requirement in O&M manual that any 
> incisement after channel flows be regraded. Tnis would allow us to 
>pretty much balance out the deletion from the upstream of the drop 
> structures with the addition to the downstream of the drop structures. 

>thus avoiding a major change order cost. Also, can we maintain a 
> 30-inch thickness in the event contractor claims a change (however we 
> can point out to contractor that less Glter fabric will be required 
> if we go to 5.5 feet depth). 
> 
> 2. Can we delete some of the temporary dumped riprap and filter 
> fabric from downstream of the Northern boxes, to compensate for adding 

> dumped riprap and filter fabric downstream of Olive box? The quantity 

> ds of Northern is currently 1454 CY and the quantity needed at Olive 
>is  413.6 CY. 
> 
> 
> 



From: "Bing Zhao - FCDX" <biz@mail.maricopa.gov> 
To: "Jennifer Gagnon" ~jgagnon@kiukham.com~ 
Date: 12/7/2006 648 PM 
Subject: RE: [SPAM:] - NIC Scour Question - Sending ma11 server found on relays.ordb.org 

CC: "Bob Durkee" <rdurkee@kirkhm.com>, "Bobbie Ohler - FCDX" 
<BAO@maii.mari ... 
Jennifer: This week we have been out in a training workshop so we did not have a chance to review your 
calculations. We will do it the fmt thing in the morning next Monday. Richard and I will not be in 
tomorrow. 

Richard and I just briefly did some volume calculations. For the 8 drops, we found we would only need 
9500 cf instead of your 33210 cf. We used 2.5 feet for the old design (is that on the 100% plan?) Bobbie 
told me that it is 30 inches thick. We do not think it is necessary to extend the riprap on the side slopes. 
We only need to extend on the bottom. 

Regarding the general scour, we may use Lacey method. Lacey method gives the smallest general scour. 
The justifications are: Neill method is best for constricted opening; Blench method is best for clear water; 
Lacey method is best for sediment laden flow. In our case, the upstream weir will not stop much sediment 
since the weir height was designed very low. 

For local scour, we may use average of Schoklitsch method and Zimmerman as you suggested. 

I will call you on Monday. 

Thanks! Have a good weekend! 

Bing 

-----Original Message----- 
From: Jennifer Gagnon [mailto:jgagnon@kukhm.com] 
Sent: Thursday, December 07,2006 7:21 AM 
To: Bing Zhao - FCDX 
Cc: Bob Durkee; Bobbie Ohler - FCDX 
Subject: [SPAM:] - NIC Scour Question - Sendimg mail server found on relays.ordb.org 

Hello Bing, 

I was wondering your thoughts about an email I sent earlier this week. Before we can proceed any further 
on the NIC South Channel 90% design of the drop structures, I would l i e  us all to be in agreement on the 
length and thickness of rip rap scow protection. 

My earlier email read as follows: 

After last week's meeting, a few questions have risen about cutoff walls and therefore total recommended 
scour: 

For both the General and Local Scour calculations, the Maximum value from the different methods for each 
scour type has been used. To this max number, a factor of safety of 1.3 is still multiplied. We are 
wondering if this is necessary. 

Two options could be considered: 
1) take the average value of the different methods for each scour type and multiply that by the factor of 
safety (ie. under General Scow, take the ave value of the 3 USBR methods (Neill, Lacey, Blench) and the 
Zeller method, and multiply this average value by 1.3) 



2) just use the maximum value of the different methods of calculat~on for each scour type (as we are doing) 
and leave off the factor of safety because we are taking the most conservative method. 

I would l i e  to hear your thoughts on this, maybe talk it through with you over the phone? Feel 6ee to 
contact me any time throughout the day, thank you for your time and help! 
Sincerely, 

Jennifer Gagnon 

Kikham Michael Consulting Engineers 
StormwatertDrainage EIT 
9201 N 25th Ave, Suite 195 
Phoenix, AZ 85021 
602-328-5728 
jgagnon@kirkham.com 

Your Success is Our Passion! 



From: "Bing Zhao - FCDX" Biz@mail.maricopa.gov> 
To: <jgagnon@kii!&am.com> 
Date: 11/28/2006 10:02 AM 
Subject: NIC-Total Scour Analysisl.xls 
Attachments: NIC-Total Scour Analysisl.xls 

CC : 
FCDX ... 

"Richard M. Waskowsky - FCDX" <rmw@mail.maricopa.gov>, "Bing Zhao 
- -- -  

Jen: Good job! There are two errors in your Rip Rap Protection Sizing. Please see my revised spreadsheet. 

Also, can you do the riprap apron length computation based on our manual? This will show that the reno 
mattress is not long enough. 

thanks! 

s ing 

<<NIC-Total Scour Analysis1 .XIS>> 



From: "Richard M. Waskowsky - FCDX" <rmw@mail.maricopa.gov> 
To: <jgagnon@kukham.com> 
Date: 11/17/2006 1:52 PM 
Subject: NIC Scour Analysis comments 

CC : "Bing Zhao - FCDX" Biz@mail.maricopa.gov> 
Jennifer: 

Here are some comments about the analysis. There was nothing major, 
just some minor revisions. 

1. In the bend scour equation in the spreadsheet, the angle is 
given in degrees, but it should be in radians. However, it appears 
there are not significant bends in the channel and the equation may not 
be needed. Therefore, if there is no bend, then the Lacey, Neill and 
Blench equations will use coefficient for the straight reach. 
2. In the Blench Eqn worksheet in the spreadsheet, the D50 is 
labeled as feet but it needs to be in mm. 
3. There are some emors in the hand calcs, for example, on sheet 5 
the Schoklitsch estimate does not subtract the "dm" value. 

Thanks, 

Richard Waskowsky 

Hydrologist 

Flood Control District of Maricopa County 

Tel: 602-506-41 13 



From: "Bing Zhao - FCDX" <biz@mail.maricopa.gov> 
To: "Jennifer Gagnon" <jgagnon@kiikham.com> 
Date: 11/14/2006 12:38 PM 
Subject: RE: N.I.C. Scour Analysis 

CC: "Bob Durkee" <rdurkee@kirkham.com>, "Bobbie Ohler - FCDX 
<BAO@mail.mari ... 
Jennifer: Thanks for your updates. Could you please email me the values of D90 and D85 you used to see 
if we can reproduce it? 

Thanks! 

Bing 

-----Original Message----- 
From: Jennifer Gagnon [mailto:jgagnon@kirkham.com] 
Sent: Tuesday, November 14,2006 12:33 PM 
To: Bing Zhao - FCDX 
Cc: Bob Durkee; Bobbie Ohler - FCDX 
Subject: N.LC. Scour Analysis 

Hello Bing, 

Sony for the delay. We have been waiting response fiom Ninyo and Moore, but it appears that they do not 
still have the soil samples from the NIC project stored to be able to make an analysis of the bores at the 
depths we are excavating the channel to. In an effort to not have to go out and re-sample, I have tried to 
estimate the grain sizes of the soil at the depths of the bore holes that are equal to the planned excavated 
elevations of the new channel. 

I have been able to estimate a D50 grain size from the bore hole classifications at the bore hole depths 
equal to the planned channel elevations after excavation. Two bore locations (B-3 and B-6) on the NSC 
channel had the same soil classification at the depth of the planned channel elevation (about 20 ft) and at 
the depth Ninyo and Moore prepared a gradation test for (0-5 ft). It is assumed that because these locations 
have the same soil classification, they would have the same grain size distribution curve shape, so using the 
estimated D50 grain sizes at 20 ft of depth (equal to the planned excavated channel elevation) a grain size 
gradation curve was fit to parallel the curves generated by Ninyo and Moore. The same was done for the 
bore locations on the South Channel (B-9 and B-10) . 

From these new curves D90 and D85 values were determined. The resulting local scour values were 
lowered in the NIC channel from values in the 20 ft range to values in the 4 ft range. The South Channel 
remained the same with values for local scour of about 16 ft for the 8 ft drop at Northem Ave and values in 
the 8 ft range for the 2 three foot drop structures. 

I would like your opinion on my procedure of estimating the soil grain size. If you have any questions, or 
would like to see the gradation curves and other documents illustrating my procedure, please do not hesitate 
to contact me. I look forward to your response. 

Thank you, 

Jennifer Gagnon 

Kirkham Michael Consulting Engineers 
StormwaterDrainage EIT 
9201 N 25th Ave, Suite 195 



From: "Richard M. Waskowsky - FCDX" <mw@mail.maricopd.gov> 

i To: cjgagnon@kiikham.com> 
Date: 1 1/7/2006 2:5 1 PM 
Subject: Questions about Scour Analysis for NIC 

CC: "Bing Zhao - FCDX" Biz@mail.maricopa.gov> 
Jennifer: 

1 checked with Bing about your questions, and he agrees that the 
Schoklitsch and the Zimmerman and Maniak equations should still be 
included in the analysis, and that launchable riprap needs to be used as 
scour protection downstream of the drop structures. Also, he suggested 
that when you feel comfortable with the analysis, you could send it over 
for us to review before you write up the final results. 

If you have any other questions, please let me h o w .  

Thanks, 

Richard Waskowsky 

Hydrologist 

Flood Control District of Maricopa County 
-- - 

Teb 602-506-41 13 



From: "Bing Zhao - FCDX" +iz@mail.maricopa.gov> 
To: <jgagnon@ki!&am.com> 
Date: 10/26/2006 1:26 PM 
Subject: RE: Example Excel Spreadsheet for White Tanks NIC 

CC: <rdurkee@!&kham.com>, "Jeff Riddle - FCDX" <jr@mail.maricopa.gov>, "Bo ... 
Jennifer: The culvert outlet scour dimension computation method is in 
section 5.3.3.2 in ECD Hydraulics Manual (official one, not the draft 
one) as I mentioned to you in the meeting. It gives you the examples on 
how to compute the scour hole dimensions which are used in the riprap 
stilling basin design. Please see section 7.4 for conduit outlet 
structure design in our FCD Hydraulics Manual. It is based on HEC-14. 

Whenever you want to hold any discussions on the scour calculations, 
please feel kee to let Richard or me know. 

Thanks! 

Bing 

-----Original Message----- 
From: Richard M. Waskowsky - FCDX 
'Sent: Thursday, October 26,2006 1:09 PM 
To: ?gagnon@kirkham.cotn' 
Cc: 'rd~ukee@kirkham.rom'; Bing Zh:lo - FCIIX; Bohhic Ol~lcr - FC1)X 
Subject: Examplc Excel Sprcadsllcct for \hlhitc 'Tanks NIC' 

Jennifer: 

Here is the example spreadsheet for your reference. It is our internal 
tool that is stiU a draft, and is not intended to be used for this 
project. You may use as a reference to help you write your own 
spreadsheet. This spreadsheet does not calculate local scour at the 4 

drop structures nor does it compare the Zeller's bend and general scour 
with the US Bureau of Reclamation's methods. Also, it does not do the 
culvert outlet scour. 

Hopefully, it helps. 

Thanks, 
Richard Waskowsky 
Hydrologist 
Flood Control District of Maricopa County 
Tek 602-506-41 13 
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FDC Sco~r  ... ~n-is L. --- for N IC .  -.- ... .--.. . . .- Page 1 .. . 1 '  , I 
From: 0 To: 

"Bing Zhao - FCDX" <biz@mail.maricopa.govi 
i <rdurkee@kirkham.com>, "Jennifer Gagnon" sjgagnon@kirkham.coms 

10/1212006 11':30 AM Date: 
Subject: RE: FDC Scour Analysis for N.I.C. 

CC: "Bobbie Ohler - FCDX" ~BAO@mail.rnaricopa.gov~, "Richard M. Waskowsky - F... 
Bob and Jennifer: We will putt he USBR manual on our ftp site and will let you know once it is done. The 
manual contains the information on general scour and local scour below a structure. For long term scour 
component, the state standard method is okay, so you do not need to use the equilibrium slope method or 
HEC-6. 

Thanks! 

Bing 

-Original Message---- 
From: Bing Zhao - FCDX 
Sent: Thursday, August.17, 2006 6:06 PM 
To: 'Jennifer Gagnon' 
Cc: Bobbie Ohler - FCDX; 'rdurkee@kirkharn.corn'; Bing Zhao - FCDX 
Subject: RE: FDC Scour Analysis for N.I.C. 

. .  ~ . . .  - . . 
~ 

Jennifer: Here are the general procedures for estimating scotir. Some of them are in the current drafl 
hydraulics manual on FCD web site. 

\q 1. Long term scour: Use HEC-6 modeling or equilibrium slope method. However, equlibrium slope 
4 method requires downstream pivotal point. The equlibrium slope method can be found in ADWR 1985 

8 Fluvial system Design. It is for sediment-laden condition. When there is clear water (no sediment), the 
limiting bed slope method should be used (1984 US Bureau of Reclamation's Computing Degradation and 
Local Scour). 

. . . . . . . . . . . .  . . . . 
2. ~ e n e r a l ~ c o u r :  Select one most appropriate equation from   qua ti on ~ ~ p e ' ~  in the 1984 US Bureau of 
Reclamation manual (Computing Degradation and Local Scour). Note:these equations may already 
include bend scour. Discussion starts on page 29 in this manual. Also use Zeller's general scour 
equation, then choose the larger general scour between Zeller's method and US Bureau of Reclamation 
method. Zeller's general scour equation can be found in the Draft Hydraulics Manual on FCD's web site 
(chapter 10). 

--- ~ p-,,,,--p .. 
3. Bed form: See Draft FCD 2003 Hydraulics Manual on the web (chapter 10). 

4. Low Flow Incisement: See Draft FCD 2003 Hydraulics Manual on the web (chapter 10). 

5. Local scour: scour due to structures (such as bridges pierlabutment, culvert outlets, energy dissispator 
downstream) and sandlgravel mining pit headcufftailcut. Bridge scour method is based on FHA., Culvert 
outlet scour method is based on the current FCD Hydraulics Manual and the draft Manual. Energy 
dissispator downstream scour is the scour that happens immediately below the structures. The method is 
based on US Bureau of Reclamation Manual (Computing Degradation and Local Scour, page 40, 
Equation Type D). 

6. Bend scour: See Drafl FCD 2003 Hydraulics Manual on the web (chapter 10). ., . 

7. Add all scour components and multiply the value by 1.3 (safety factor). The final value will be the 
toedown for a channel bank protection. The toe down is measured from the channel thalweg. 

'. .. ' 



?. . ~ .-.r.... . . . .-.-..: ,- , ~ . . . . . . . --?. . -- .Tz - - 
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8. Sometimes, when the cost is an issue, the District may allow to use launchable riprap approach where 
there is no need to bury the riprap to the toe down depth. However the idea of launchable riprap is that if 
the erosion occurs the riprap will automatically form the toe down as the dirt is being eroded. The volume 
of the launchable riprap must be equal to the originally required volume of riprap for toe down design. The 
method is in FCD Hydraulics Manual and the draft manual on the web. 

If you have any questions, please let me know. 

Bing 

---Original Message--- 
From: Jennifer Gagnon [mailto:jgagnon@kirkham.corn] 
Sent: Thursday, August 17,2006 3:57 PM 
To: Bing Zhao - FCDX 
Cc: Bob Durkee; Bobbie Ohler - FCDX 
Subject: FDC Scour Analysis for N.I.C. 

R. 

Hello Bing, 

You had mentionedin one of our last N.I.C. project meetings that FCD has a new scour analysis 
procedure in the newer Drainage Design Manuals. When you have a spare minute, would you mind 
emailing the procedure over to us so we can include these computations with our design? Thank you 
again for all your help and time. 

Sincerely, 

Jennifer Gagnon 

Kirkham Michael 
StormwaterlDrainage EIT 
9201 N 25th Ave, Suite 195 
Phoenix, AZ 85021 
602-328-5728 
jgagnon@kirkham.com 

Your Success is Our Passion! 
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&M KIRKHAM Transmittal 

MICHAEL Arizona + Colorado 
Iowa + Kansas + Nebraska 

I- - 
%vww.kirkham.com 

To Flood Control District of Maricopa County Date 11/06/06 

Address 2801 West Durango Street 

Phoenix, AZ 85009 Phone. 602 506 2943 

Attention Mike Duncan Fax 

Project White Tanks FRS#3 NIC - FCD 2005C019 Job No 0406919 

Subject 60 % Submittal PCN # 470.04 31 

WE TRANSMIT: W herewith n under se~arate cover 
in accordance with your request I7 

FOR YOUR: ap~roval d~stribution otherldescribe 
n review and comment n recordlfiles 
€?I use n information 

THE FOLLOWING: drawings change order see below 
specifications shop drawings 

j *I*: n fax n deliveries W hand carrv 
overnight express pick-up mail 

Quantitv Description Dated Code* 

1 CD -VVTFRS #3 NIC South Channel 60 % Submittal 11/03/06 B 

'CODE A Action indicated on item transrn~tted D For signature and fowardlng as 
B. No action required noted below under REMARKS 
C. For signature and return to th~s office E See REMARKS below 

REMARKS: Mike: 

Enclosed is the 60% Submittal CD as requested. 

0406919 

' rransmitted by B& Durkee Approved by 

K\04\0406919 MCFCD NIC (S)\TransmiHalsIXMT FCD NICSC HH cd - mduncanllffiffidac 

9201 North 25th Ave Suite 150 + Phoemx, AZ 85021 (602) 944-6564 + FAX (602) 944-6592 



White Tanks FRS #3 
North Inlet Channel (NIC) Project 

Grouted Boulder Drop Structures 

The following comments are furnished as a general guide for construction of grouted 
boulder drop structures on the North Wet Channel. In part, it serves as a "lessons 
learned" summary fiom the construction of similar drop structures on other projects. 
These comments are intended to assist in constructing a functional, safe, and aesthetically 
pleasing structure at each required location, but do not replace the information provided 
in the Construction Drawings and Special Provisions, which still govern construction of 
these structures. 

1. Each grouted boulder drop structure has two important purposes in this project: 1) 
to dissipate energy in the water flowing over the drop, and 2) constricting the 
channel flow to raise the upstream water surface elevation, which lowers 
velocities in the channel and the potential for erosion. 

2. The DS drawings show the average size of rock that each drop structure was 
designed for. Each rock size can vary 6-inches larger and smaller than the 
average rock size. 

3. Careful excavation of the subgrade is crucial to the successful construction on 
these structures. The subgrade should be excavated to the boulder size shown on 

\ drawing DS1 plus 1-foot for bedding material. This will ensure that the top-of- 
rock elevations will be no greater than 6-inches above or below the required 
grades, and will average out to the finished grades shown on the drawings. 

4. Whenever possible, rocks should be placed with a flat side on top, with the flat . 
side generally horizontal (rather than parallel to the slope). Oblong rocks should 
be placed horizontally, rather than vertically. 

5. The grout cut-off walls on the upstream and downstream edges of each drop 
structure will be constructed with a 4' x 6" key on top. When the rocks are 
grouted in, the intent is to have the grout tie-in to the key on the cut-off walls, 
making a fairly watertight joint. When placing the rock around the cut-off walls, 
make sure that sufficient room is left to allow the grout to join with the cut-off 
walls along their entire length. 

6. Rock should be placed as close to one another as possible. However, it is more 
important to have sufficient room for the grout to encircle each stone, with at least 
6-inches of grout between each stone. 

7. Large stones should be scattered throughout the structure and surrounded by 
smaller stones. Staggering the sizes throughout the structure will give the surface 
a more "natural" appearance. 

8. The drop structures are designed such that the top-of-grout in each downstream 
apron area will be lower than the channel invert. This was done to allow sediment 
to collect on top of the grout and generally make the structure blend into the 



surrounding area. Water will tend to collect on this area, and either evaporate or 
infiltrate into the ground through the dumped riprap. When grouting the rocks, 
make sure that the top-of-grout slopes downstream, towards the dumped riprap, to 
assist in drainage. Avoid making pondiig areas in the grout surface if at all 
possible. 



.JIM KIRKHAM Transmittal 
I 

MICHAEL Arizona + Colorado 
Iowa Kansas + Nebraska 

L 
www k~rkharn corn 

To Flood Control D~strict of Maricopa County Date 09/21/06 

Address 2801 West Dtirango Street 

Phoenix, AZ 85009 Phone: 602.506 2943 

Attention Bobble Ohler Fax 

Project White Tanks FRS#3 NIC - FCD 2005C019 Job No. 0406919 

Subject Hydrology and Hydraulics PCN # 470.04.31 

WE TRANSMIT: W herewith n under separate cover 
in accordance wlth your request 

FOR YOUR: approval [XI distribution otherldescribe 
n revlew and comment n record/f~les 
El use - n information 

THE FOLLOWING. drawings change order [XI see below 
specifications shop drawings 

(0- n fax f l  del~veries W hand carrv 
m overnight express pick-up mall 

Quantity . Descript~on .. Dated Code* - - 
2 CD - Revised Hec-Ras and Hec-I F~les 911 9/06 B 

*CODE A Action lndlcated on item transmitted D For s~gnature and forwarding as 
0. No actlon required noted below under REMARKS 
C. For signature and return to thls office E See REMARKS below 

REMARKS: Bobbie: 

Enclosed are two CD's with revised Hec-Ras models and the 2005 Hec-1 model. These were requested by 
Mke Duncan in his 9/20/06 e-mail 

cc: 0406919 

@Transmitted by Approved by 
-uw- 

K\04\0406919 MCFCD NIC (S)\TransmmslsIXMT FCD NIC-SC HH cd - 80hlem92103 dm 

9201 North 25th Ave Suite 150 + Phoenix, AZ 85021 + (602) 944-6564 F A X  (602) 944-6592 



From: 
To: 1 
Date: 

Bob Durkee 
Bobbie Ohler 
9/13/2006 6:30 am 

Subject: e ~ S # 3  - NIC - Scour Analysis 

Bobbie: 

I did some research yesterday and had a chance to talk to Barry about the Scour calculations done in the 
NIC project. Here is what I found out. 

1. The ADWR SSA 5-96 Level 1 methodology is an approximation method for determining a scour depth, 
based solely on the 100 year velocity. The total scour depth by this method uses empirical equations to 
determine general degradation and long term degradation. Adding those two amounts together yields 
the approximate scour depth. There is no Factor of Safety specified for this calculation. 

2. I asked Barry why the scour analysis only included the Level 1 analysis, rather than the more detailed 
scour analysis used on Chandler Heights and Rittenhouse Basins (as requested by Bing). Barry couldn't 
remember all of the details, but said they had questioned that part of the scope of work as well. The 
Level 1 analysis was put into the scope by a hydrologist at FCDX, who said that level of analysis would be 
sufficient for this project. 

3. When the Level 1 scour analysis was performed on the NIC channel, the principal concern was in the 
grouted boulder drop structures. The calculated scour depth for the NIC channel at 1600 d s  was 4.7 
feet. A cut-off wall depth of 6 feet was used for design, which is about a 1.3 factor of safety. We will 
also add a 1.3 factor of safety onto the calculated scour depth for the South Channel improvements as 
well. 

4. You were correct in your assessment that the grout cut-off wall was upstream of the drop structure 
contractions, thereby mintmizing the potential scour effects due to the contraction. The contraction 
effects will occur on the riprap and grouted boulder sections, rather than on the unlined channel. 

I hope this answers all of the questions you had yesterday. I f  not, give me a call and we can talk about it 
some more. 





Exhibit ''A" 

SCOPE OF WORK 
North. Inlet Channel and Perryville Road Wash CLOMR 

Wl' #042284.02 

The District requested Wooflate! pro-*ide engineen'ng services to prepare a Conditional Letter of Map 
Revision (CLOMR) for the North Inlet Channel and Perryville Road Wash in support of the District's 
construction project, The work standards for these services are the Disbict's Consultant G~tidelineg, of 
December 1,2003, Sections 9-H~'drology, 10-HydrauIics, and 11-Floodplain Delineation. The scope of 
work is limited as defined below based on thc following sub-tasks: 

I 
1. Data Collectton and Coordination 

Woodmatel will collect the survey and mapping data, hydrologic models, hydraulic modcls, and 
constructian plans for the proposed improvements for the Norlh lnlet Channel. Two meetings 
with the District's dcsign consultant, one with Kirkham Michael and one with URS, are 
anticipated to coordinate and transfer t11e data request. Wood/Patel will also perfom a field, 
review and photograph the study limits for project documentation. 

Thc District and/or their design consultant(s) will provide the rcqucsted electronic files for the 
hydrologic modcls, hydraulic models, floodplain work maps and design plans for developing 
exhibits for the CLOMR. Field surveys are not ~ncluded in the scope of work. 

It i s  our understanding that the District will perfom the public notification for the floodplain 
redclineation. WoodPatel will prcpare exhibits and participate in a public mceting organized by 
the District. 

2. Bydrology 

WoodRateI will update the hydrologic model for the Pergville Road Wash floodplain using the 
updated dcsign hydrology for the North Inlet Channcl (Rrl00-24.dat). The hydrologic model will 
remove the original d~versiolls for flows overtopping the Beardslcy Canal at Olive Avenue, 
Cholla Wash, and Northem Avenue. It i s  assumed that tho hydrologic model will be modified for 
the 100-year, 24-hour or the 100-year, 6hour desim storms. Modifications may be required for 
the hydrologic routing variables (such as NSTPS). 

WoodPatel will modify the original hydrologic study exhibits (2) to reflect the revised 
hydrologic model for supporting study documentation. 

This proposal does not include checking the basic hydrology input data for thc contributing 
watershed. It is assumed that this data has already been revicured and approved by the District. ) 1. Hydraulic Modeling 7 

Woodmatel will review an update e North Inlet Channel hydraulic model to be submitted with Q thc CLOMR. It is assume at a hydraulic model will be provided by the Disgict's desim 
consultant (Kirkham Michael Consulting Engineers) for incorporation into the CLOMR 
documontation following the submitfa1 of the 60% plans for Phase IT of the design. T h e  Cholla 
Wash reach is not included in this scopc of work. This proposal assume8 that a stcady state 
hydraulic analysis and supporting documentation w ~ l i  be provided as part of the CLOMR 
package. WoodRatcl will provide a cursory renew of the hydraulic models. This proposal 
assumes that the design hydraulic model developed by the District's consultant a approved. 
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WoodPatel will delineate the new flwdplzins/floodways for the Beardsley Canal Wash (2 miles, 
&om north of Olive Avenue to approximately the Glendale Avenue alignmcnt), the new channel 
east of the canal (1 mile, from Olive Avenue to Northern Avenue), and the Penyville Road Wash 
floodplain (3.75 miles, &om north of Norfhem, Avenue to east side of the 183rd Avenue 
alignment). fho total floodplaidfloodway deIineqion length is estimated at 6.75 miles. 

WoodRatel will defme the revised beginning of the Perryville Road Wash floodplain based on 
the updated, hydrology for thc North Inlet Chmcl .  The following hydraulic models for 
Pcrryville Road Wash, preparcd by V R S  as part of the Loop 303NVhite Tanks ADMP Update, 
will be revised based on the new hydrology. 

FJXGJhi.5 FILE NAME 
1efioverbanWowev2.prj 

185to3shalloweir.prj 

T!xihis scope assumes that the hydraulic models by Kirkham Michael Consulting Engineers and 
URS will be used with the updated llydralogy to redefine the floodplain. Since these fivc models 
are linked by lateral cascading from one model to the next, and since the hydrologic discharges 
will bo at decreased , ~~~. levels, all five models may not be necded. 

4. CLOIMR Package 

Woodfiatel will: 
Prepare a Technical Data Notebook WN) .  
Perform floodplain and floodway analyses, pcr FEMA standards and format. - Compiete F E W  applioation required forms. 
Preparc work mapi depicting the revised floodplains/floodw~ys described above. Tnc 
work maps will be prepared based on the topographic mapping dam. 
Prepare annotated FIRM panels (qty. 2), p a  F I N 4  standards. 
Revise the Draft TDN based on District comrnmts for submittal ~~,FEMA. 
Submit elcctwnic files of models, drawings, GIs data, and the TDN text to the District. 
Coordinate with the District fw the CLOMR prepam(<on and assist with nsponses to 
l%MA questions. 

Tlus proposal assumes that the District will take the lead on the formal submittal to FEMA. 
Please note that our scope o f  services does not include geotechnical data rcquests or certifications 
from FEMA during the'review process. It is also our understanding that the District will prepare 
any DFIRM that may be required for thc revised floodplaidfloodway delineation based on 
electronic files provided by Woodffatel. 

. . 



From: "Bobble Ohier - FCDX <BAO@mail.maricopa.gov> ~ (e TO: "Bob Durkee" <rdurkee@kirkham.com> 
Date: 5/22/2006 9:22 am 
Subject: RE: FW: COP andlor Eval Needed 

Great, thanks. I will push reviewers to get their answers back to meet 
this schedule also. 

--Original Message--- 
From: Bob Durkee [mailto:rdurkee@kirkham.corn] 
Sent: Monday, May 22,2006 9:00 AM 
To: Bobbie Ohler - FCDX 
Cc: Barry Ling 
Subject: RE: FW: COP andlor Eval Needed 

Bobbie: 

Yes, I can meet this schedule 

Bob 

>>> "Bobbie Ohler - FCDX" ~ ~ ~ ~ @ m a i l . m a r i c o ~ a : g o v ~  5/22/2006 7:50 am 

- ~ . ~  . 
>>> .~ ~.. .. . ~ ~ - 

Bob-just because this won't be constructed for some time doesnot make' 
the urgency go away - we always try to get projects designed in a timely 
fashion and this schedule is nottimely enough. Also, you told me 
recently that it may be beneficial to do a change order and have our NIC 
North contractor construct the NIC South upstream drop structure. Can {(IP you meet this schedule: 

60% Review Meetinglconatructability reviewlcomplete review - May 31, 
2006 
90% submittal - June 30,2006 
90% Review meetinglComplete review - July 17. 2006 100% submittal - 
August 11, 2006 Complete review and approval -August 31, 2006 

----Original Message--- 
From: Bob Durkee [mailto:rdurkee@kirkham.com] 
Sent: Monday, May 22,2006 5:56 AM 
To: Bobbie Ohler - FCDX 
Cc: Barry Ling 
Subject: Re: FW: COP andlor Eval Needed 

Bobbie: 

Attached is my proposed completion schedule for the South Channel 
Project Engineering and Design. Since there didn't seem to be the 
urgency on the South Channel as there was on the NIC project, I extended 
the times out somewhat for each milestone. The attached schedule adds 
67 days to the total (the 74 days remaining would be July 31, 2006). 
Several of these can be tightened up if necessary, including the review 
times, to complete the design work earlier than shown. 

Bob 

i @ ; Robert A Durkee. PE 



. StormwaterlDrainage Team Leader 
Kirkham Michael Consulting Engineers 
9201 N. 25th Avenue, Suite 150 
Phoenix, AZ 85021 
602.944.6564 
602.944.6592 (fax) 
602.328.5718 (direct) 
302.502.6792 (cell) 
rdurkee@kirkham.com 

>>> "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 5/18/2006 7:26 am 
>>> 

Hi Bob and Barry -can we get completely finished with NIC South in 74 
days? If not, can you give me a good estimate now on how much more time 
will be needed? If you want to see where we are a month from now, . 
that's fine, we just need to keep in mind that currently the contract 
end date is July 31. Thanks. 
----Original Message----- 
From: Contracts Branch [mailto:shm@mail maricopa.gov] 
Sent: Thursday, May 18, 2006 7:26 AM 
To: Bobbie Ohler - FCDX 
Subject: COP andlor Eval Needed 

Greetings, this contract requires your attention. 
This contract will end in 74 days. 

1@ The Contracts Branch requests the following: 

Contract #: 2003C059 
Title: White Tanks Flood Retarding Structure #3 North Inlet Channel 
Contractor Name: Kirkham-Michael Consulting Engineers . 

COP needed for Contract 
FCD Evaluation needed for Contract 
Consultant Evaluation needed for Contract 



From: 
, To: 

"Bobbie Ohler - FCDX ~BAO@rnail.maricopa.gov~ 
"Bob Durkee" <rdurkee@kirkham.com> 

L Date: 6/13/2006 8:40 am 
Subject: FW: Review of North Inlet Channel 60% 

Hi Bob -these all look pretty straight-forward, but let me know if you 
have any questions. Thanks. 

From: Mark Lewis - FCDX 
Sent: Tuesday, June 13,2006 8:19 AM 
To: Bobbie Ohler - FCDX 
Subject: Review of North lnlet Channel 60% 

Good Morning, 

The following is the list of my comments: 

1. Sheet 21,20,19,22 of 27 

The call out for Grout cut off walls. I would recommend that this be 
changed to a more economical alternative. 

= One option would be to use a Class El concrete and leave 
the detail as is but perhaps remove the reinforcing 

* The other more economical and easier to build option 
would be to use a 2 sack cement slurry in place of the more expensive 
grout. Specify the width to be 1'-6 which is the standard backhoe width 
and allows more surface area between the grout above and the cut off 
wall. Revise the keyway to be wider. Specify the cut off wall to be a 
specific depth period. Like 6 foot deep or whatever the designer is 
comfortable with. The purpose of the cut off wall is to prevent scour. A 
6 foot deep 2 sack slurry wall would provide the necessary protection 
without any reinforcing. 

2. Sheet 20 of 27 

Please do not dimension the depth of the cut off wall from the top of 
the rocks. Please call out a typical depth for the cut off walls such as 
6 foot. 

3. : Sheet 17 of 27 

Please provide reinforcing for the drop structure. Please provide joint 
details, Construction joints, ExpansionlContraction details, Contraction 
joints for concrete shrinkage for the walls and the slab. 



Sheet 17 of 27 

Please provide an ABC backfill behind the wall for water migration along 
with a drainage fabric at the face of the back side of the retaining 
wall. Please show a method for draining the last 8 foot of wall if the 
first weep hole is to be placed at 8 foot or show in the structural 
calculations that the wall is designed to retain the bottom 8 foot of 
saturated soil. 

5. Sheet 7 of 27 

Please include detail of handrail in drawing along with an attachment 
detail for the wall. Preferably core drill and grout in place instead of 
using embed plates. Please do not refer to a standard COP detail without 
inserting it in the drawings. 

6. Sheet 6 of 27 

Please provide a drainage ditch at side of maintenance road to keep 
water off of the MWD lands as discussed in the walk thru. 

Mark Lewis, P.E. 

Construction Project Manager 

Maricopa County Flood Control District 

2801 W. Durango 

Phoenix, AZ 85009 

Email: Marklewis@mail.maricopa.gov 

Office: 602-506-4703 

Mobile: 602-525-6786 



From: "Bobbie Ohler - ~ D X "  c ~ ~ ~ @ m a i l . m a r i c o b a . ~ o ~ ?  -:: ': 
To: "Bob Durkee" crdurkee@kirkham.com> 

,- 8/7/2006 3:46 pm Date: 
Subject: HEC Ras cross sections 

CC: "B'ing Zhao - FCDX zbiz@mail.maricopa.govz, "Mi ... 
Bob - It appears there are still a few extra crosssections that confuse 
the program -could you remove the following, then the critical flow 
lines make more sense and profiles look better: 

15152.87 (NIC) 
55033.91 and 54915.91 (BCW) 

Thanks. 
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From: ,#) To: 
"Bobbie Ohler - FCDX cBAO@rnail maricopa.gov> 
"Bob Durkee" crdurkee@kirkham.wm> 

Date: 6/12/2006 1:05 pm 
Subject: FW: SGC - Public Information Added Text 

Hi Bob - can you please add this to the SGC's for NIC South? Thanks. 

> 
> From: Don Rerick - FCDX 
> Sent: Wednesday, June 07,2006 10:13 AM 
> To: Scott Vogel- FCDX; Bobbie Ohler - FCDX; Raju Shah - FCDX 
> Cc: Don Rerick - FCDX 
> Subject: SGC - Public Information Added Text 

> For all new, yet to be advertised construction projects, in Subsection 
> 107.6.3 add the following: 

> 3. All public involvement and information activities will be in 
> accordance with the Owners "Public Involvement and Public 
r Information Guidelines, Latest Edition (August 2004)", a copy 
> of which can be obtained from the Flood Control District Public 
> Involvement Office at 602-506-2983. 
> 
> This text would follow the already existing bullets 1 and 2. 
> 
> Thanks. 
> 





From: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 
"Bob Durkee" <rdurkee@kirkham.com>, "Jennifer Gagnon" 

Tgagnon,,,am.com> 
Date: 11/30~2006 753 AM 
Subject: INTFRS #3 NIC - dumped riprap 

Bob - I discussed the meeting with Don, and he says we need to have you 
revise the drawings, for NIC North as well as NIC South. We looked at 
the drawings and it looks like only two drawings will need to be revised 
for NIC North - DS1 and the Olive box drawing C13. We also need to have 
the memo and drawings included in the final design reports for both NIC 
North and NIC South. Thanks. 
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From: A TO: 
Bob Durkee 
Bobbie Ohler - FCDX 

Date: 12/1/2006 7:52 AM 
Subject: ~ e ' :  h: WTFRS #3 NIC (470.04.31) Design - Invoice to MWD 
Attachments: prog rpt jul-sep 06.doc 

Bobbie: 

Attached is a summary of design activities performed on the subject project during July, August, and September - 2006. 1 
started to include a list of ail the meetings we had during that period, but thought I had better ask if you wanted that list, 
since Carol was not at most of them. I f  you do want the list, let me know. 

I also haven't included any of the work items associated with our post design services contract for the NIC construction 
(RFI's, submittals, site visits, partnering meetings). Do you want a summary of those activities as well? 

>>> "Bobbie Ohler - FCDX' <BAO@mai!.marico~a.aov> 11/29/2006 2:17 PM >>> 
Bob - can you please provide a brief summary of the design work done for 
July, August and September, for Carol Uraine? This is the first time . 
they have asked for this. Thanks. 

> 
> From: Carol Umine Irnailto:carolu@mwdaz.com~ 

- > Sent: Wednesdav. November 29.2006 2:15 PM 
>TO: Bobbie ohi i r  - FCDX 
> Cc: Glen ~ortherms; dmaouirefBlandsolutionsinc.com 
> Subject: RE: W R S  #3 NIC (470.04.31) Design - Invoice to MWD 
> 

@ > Hi Bobbie! 
> 
> You did actually send this to me on the 4th of October, and then again 
> on the 31st of October. The difficulty is, 2003C059 -total shared* 
> design costs invoiced to date = $795,624.1'1, is $55,154.14 nlorc than 
> the last invoice vou sent (Inboice 855. dared 6/26/06). Yet there is . . .  
> no documentatibn as to what the $55;154.14 was used for - other than 
> "design". It is the breakdown of the $55,154.14 that I need. Linda 
> sent me the latest Kirkham Michael invoice - but it does not reference 
> the $55,154.14 (or that amount plus $20,992.86 for aesthetics). So I 
> need to know what specific work was done this quarter. I also need 
> copies of change orders 1-5. 
> 
> Thanks! 
> 
> Carol Umine 
> Project Engineer 
> Maricopa Water District 
> (623) 546-8266 
> 
> 
> From: Bobbie Ohler - FCDX ~mai l to:BAO~rnai ! .marico~a.~v~ 
> Sent: Wednesday, November 29,2006 7:lB AM 

. . >To: Carol Uraine 
> Cc: Glen Vortherms; dmaouire@landsoiutionsinc.com 
> Subject: FW: W R S  #3 NIC (470.04.31) Design -Invoice to MWD 
> 
> Carol - this is the most recent invoice request that I sent to our 
> Finance Branch. I thought they sent this information on to you when 
> they invoice you, but perhaps they don't. I f  you don't get this info 

I > from them, let me know and I will send it on to you each quarter A ,- . .. . > (though I will probably delay the last invoice until January and just 



> send you one more invoice when the design is complete, if that's OK 
> with you). 
> 
> From: Bobbie Ohler - FCDX 
> Sent: Wednesday, October 04,2006 8:41 AM 
> To: Michael Alexander - FCDX 
> Cc: Linda Hannan - FCDX; Kelly Piesson - FCDX; Don Rerick - FCDX 
> Subject: WFRS #3 NIC (470.04.31) Design -Invoice to MWD 
> 
> October 2,2006 
> 
> Mike, per IGA 2003A009, invoice Maricopa County Municipal Water 
> Conservation District Number One (MWD) for their quarterly cost share 
> of the NIC Project design and utility relocation costs as follows: 
> 
> 2003C059 - total shared* design costs invoiced to date = $795,624.14 
> 2004C004, Asst 2 (VE facilitation by Sitetek) = 
> 3,518.75 
> 2004COl1, Asst. 4 (utilities potholing) = 
> 3,780.00 
> 2004COll. Asst. 10 (survey at box culverts) = 
> 1,470.03 
> Utility Relocation (APS at Northern Avenue) = 
> 24,873.79 
> 
> Total desian 'and utiiitv relocation costs to date = 
> $829,266.71 
> MWD's cost share to date @ 50% = 
> $414,633.36 
> 
> Previous invoices to MWD = 

> 

- 
> 34,459.50 
> 55,355.50 
> 20,049.51 
> 38,618.40 
> 
> Total previous invoices to MWD = 
> $387,056.29 
> 
>Therefore, please invoice MWD this amount = $ 27,577.07 
> 
> *Does not include $20,992.86 which is for aesthetic; coordination and 
> design only (not part of cost-share with MWD). Total costs to date = 
> $816,617 - 20,992.86 = $795,624.14. 
> 
> 
> 
> 
> 
> 
> 



PROGRESS REPORT 
Kirkham Michael & Associates Inc. 

White Tanks FRS#3 north Inlet Channel 
FCD 2003C059; PCN470.04.31 
Period: July - September, 2006 

The following is a summary of work performed during the months of July, August, and 
September on the subject project. 

Continued making corrections and changes per the 60% review comments. 
Hydrauli'c analysis of the entire project to include the revised culvert lengths and 
sizes. A detailed analysis was completed of the culverts under Northern Avenue 
to ensure that Northern would not be overtopped during a 100-year flood event. 
This analysis required a detailed Hec-Ras analysis with verification using 
CulvertMaster. The final hydraulic model was furnished to the CLOMR 
contractor. 
Prepared design of GrassCrete drop structures on side washes. This included 
hydraulic design of each drop structure, layout of GrassCrete surface, and layout 
of maintenance road crossing at top of slope. Conducted site visit to GrassCrete 
project sites to review performance of product. 
Completed layout of steps in 8-foot concrete drop structure per suggestions from 
EPG. 
Completed structural design of 8-foot concrete drop structure on the south side of 
Northern Ave. 
Completed layout of channel centerline, side slopes, and preliminary grading 
plan. 
Completed layout of maintenance road and access ramps. 
Prepared coordinates (northing, easting, elevation) for points along the channel 
and maintenance road. 
Calculated excavation quantities, including over-excavation quantities for 
collapsible soils, in preparation for the 90% submittal. 
Worked with EPG and the FCDx Landscape Group to develop concepts for the 
grouted boulder drop structures. 
Investigated the need for and sizing of culverts to drain potentially isolated low 
spots along east side of new channel. 
Started preparation of revised DC&AN report to include both North Inlet Channel 
and South Channel data. 
Completed uplift analysis for South Channel grouted boulder drop structures. 
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From: 
To: 

Bob Durkee 

i - Joel Rossman 
Date: 11/17/2006 7:39 AM 
Subject. 0406919 - W F R S # 3  - NIC South Channel 
Attachments: Dt01-RAD-111506.dwg 

CC: Jennifer Gagnon; Steven Kneip 
Joel: 

After about 4 months of wrangling with the Flood Control District and their landscape architecture department, we are 
finally able to proceed with the 90% design of the South Channel project. 

1 have the drawings and details you prepared for us inci~ded n the plan sct. I w;ll stdl need to get a copy of your structural 
caic~lations to include in our Design Calculations and Analysis Rcport to the District. 1 am targetng December 15, 2006 as 
our submittal date for the 9O0/" plans and documents, so we have some time before 1 need your caics. 

One issue that needs to be addressed is how we will join our new drop structure walls to the existing drop structure wing 
wails. 

The contractor has completed construction of the conjoined headwall, apron and wingwalis. Attached is a sketch showing 
those "existing" wingwalls, and the walls of our new drop structure. 

The length and height of wing wall on the east side is less than the length and height of wing wall on the west, due to the 
different sizes of concrete box being built. 
. . ... .. ~. ~ . ~ ~ . .  ~ . ~ 

I calculated the top of wall height on the west side to be 1226.04. On the east side, it will be 1224.84. We plan to go out 
and measure the completed wails early next week, but these elevations should be pretty close. I have raised the side walls 
of the 8' drop structure to match the west wingwall height of 1226.04. Does this impact any of the details you previously 
furnished us? 

Also, we need a detail showing how we will anchor our new walls to the existing wingwalis, and how we could install some 
typw of water stop in the joint to prevent jetting through the joint at h~gh veloc~ties. 

If you can provide me with sketches and /or details, I can get them drafied into the plans. We need this as quick as you 
can get it to us. 

Please call me i f  you have any questions. Thanks for you help. 

Robert A. Durkee, PE 
Stormwater/Drainage Team Leader 
Kirkham Michael Consulting Engineers 
9201 N. 25th Avenue, Suite 150 
Phoenix, AZ 85021 
602.944.6564 
602.944.6592 (fax) 
602.328.5718 (direct) 
302.502.6792 (cell) 
rdurkee@kirkham.com 



&M 
KIRKHAM Transmittal 
MICHAEL Omaha Des Moines Denver 

Phoenix Ellsworth & Louisburg, KS 

CONSULTING ENGINEERS www kukham.com 

To Flood Control District of Maricopa County Date 8/22/06 

Address 2801 West Durango Street 

Phoenix AZ 85009 Phone (602) 506-2943 

Attention Bobbie Ohler Fax 

Project White Tanks FRS#3 NIC-South Channel - FCD 2005C019 KM Job NO. 0406919 

Subject 60% Plans, Specs & Estimates PCN #: 470.04.31 

WE TRANSMIT: IX] herewith under separate cover 

in accordance with your request 

FOR YOUR: approval distribution otherldescribe 

review and comment recordlfiles 

IX] use information 

THE FOLLOWING: drawings change order see below 

specif~cations shop drawings Reports 

VIA: telecopier deliveries hand carry 

overnight express pick-up mail 

Quantitv Description Dated Code 
2 CD's containing F~nal HecRas plus Write-up 8/22/06 

REMARKS Bobbie. These CD's contain the final HecRas model for the NIC project. Also included 

on the CD's is a write-up about assumptions made and features in the model if you have any questions, 

please give me a call. 

cc: File 04069 19 

Transmitted by - ; Bob Durkee' Approved by 

t 0 

K\04W406919 MCFCD - NIC (S)\TraosmlftalsYMT FCO NIC fiml hems - BOhlem822C6 doc 

9201 North 25th Avenue Sulte 195 + Phoenix, AZ 85021 (602) 944-6564 + FAX (602) 944-6592 



KIRKHAM Transmittal 

MICHAEL 
Omaha Des Moines Denver 

Phoenix Ellsworth & Louisburg, KS 

E N G I N E E R S  www.kirkham.com 

To Flood Control District of Maricopa County Date 6/01/06 

Address 2801 West Durango Street 

Phoenix AZ 85009 Phone: (602) 506-2943 

Attention Bobbie Ohler Fax 

Project White Tanks FRS#3 NIC-South Channel - FCD 2005C019 KM Job No. 0406919 

Subject 60% Plans, Specs & Estimates PCN # 470.04.31 

WE TRANSMIT: IXI herewith 0 under separate cover 

in accordance with your request I 

FOR YOUR: approval distribution 0 otherldescribe 

review and comment record/files 

IXI use [7 information 

THE FOLLOWING: drawings 

specifications 

change order @ see below 

shop drawings Reports 

VIA: telecopier [7 deliveries 0 hand carry 

overnight express • pick-up mail 

Quantity Descri~tion Dated Code 
4 SideWash Sub-basin Delineation Drawing 

- 

REMARKS Bobbie: Here are 4-copies of the drawing in the 60% DC&AN Report that were supposed to 

be copied as 11" x 17" rather than 8-112" x 11" as submitted. 

cc: File 
. ..$ :.. ' 

Transmitted by ,,t>7.Bob;Durkee Approved by 

R104IC406919 MCFCD - NIC (SjlTan$mi~lsLXMTFCD NICSC 60% P8SE- WOhlem60106 doc 

9201 North 25th Avenue . Suite 195 . Phoenix, AZ 85021 + (602) 944-6564 FAX (602) 944-6592 





.RM KIRKHAM Transmittal 

MICHAEL Omaha Des Moines + Denver 
Phoenix Fllsworth & Louisburg, KS 

' CONSULTING ENGINEERS www.kirkham.com 

To Ninyo & Moore Date 5/26/06 

Address 3001 S. 3dh Street, Suite 6 

Phoenix, AZ 85034 Phone: (602) 243-2699 

Attention Tom MacDougall Fax 

Project White Tanks FRS#3 NIC-South Channel - FCD 2005C019 KM Job No. 0406919 

Subject 60% Plans PCN# 470 04 31 

WE TRANSMIT: IXI herewith under separate cover 

in accordance with your request 

FOR YOUR. 0 approval distribution • other/describe 

reView and comment record/files 
- 

[XI use [7 information 

THE FOLLOWING: drawings change order C] see below 

0 C] spec~fications shop drawings Reports 

VIA: telecop~er deliveries C] hand carry 

C] overnight express pick-up mail 

Quantitv Description Dated Code 
1 Preliminary 60% Submittal Drawings 

REMARKS Tom: 

Enclosed is a set of the 60% plans for the South Channel. I need to have you review them and provide 

the following. 

1. Approximate location (aerial extent) and approx.volume of collapsible soils that will be 

overexcavated and replaced for the project. 

2. Any foundation problems for planned drop structures at Northern and in channel. 

I can provide electronic copies of any drawings if they would help you. 

Call me if you have questions. 

cc: File 

Transmitted by ~$b '~ l i ' i&e  I :  ,,* Approved by 

e1 
KW0406919 MCFCD NIC (S)\TransmlUalsWMT FCD NIC SC 60% plans lmadouga11J352606 doc 

9201 North 25th Avenue Suite 195 Phoenu, AZ 85021 + (602) 944-6564 + FAX (602) 944-6592 
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KIRKHAM Transmittal 

MICHAEL Omaha Des Moines + Denver 
Phoenix + Ellsworth & Louisburg, KS 

1 
E N G I N E E R S  www.kvkham.com 

To Flood Control District of Maricopa County Date 5/25/06 

Address 2801 West Durango Street 

Phoenix AZ 85009 Phone: (602) 506-2943 

Attention Bobbie Ohler Fax 

Project White Tanks FRS#3 NIC-South Channel - FCD 2005C019 KM Job No. 0406919 

Subject 60% Plans, Specs & Estimates PCN # 470.04.31 

WE TRANSMIT: herewith under separate cover 

in accordance with your request 

FOR YOUR: [XI approval [XI distribution otherldescribe 

review and comment record/files 

[XI use information 

THE FOLLOWING: drawings change order see below - . 

specifications shop drawings Reports 

VIA: telecopier deliveries IX] hand carry 

overnight express pick-up mail 

Quantity Description Dated Code 
4 Revised Covers for Preliminary 60% Submittal DC&AN Report 

4 SignedISealed Cover Page for Prel. 60% Submittal DC&AN Report 

4 CD's with 60% Submittal HEC-RAS electronic files 

REMARKS Please call if you have any questions or need additional copies. 

cc: File, Barry Ling " 

T.,uY...l-': , . :. 
Transmitted by $@,,@b Dirrkee i Approved by 

K'!04\0405919 MCFCD - NIC (S)!Tmnsmlttsls\XMI FCD NIC-SC 60% P&SE - BOhled52506 doc 

9201 North 25th Avenue Suite 195 Phoenix, AZ 85021 (602) 944-6564 + FAX (602) 944-6592 



&M KIRKHAM Transmittal 

MICHAEL Omaha Des Moines Denver 
Phoenix Ellsworth & Louisburg, KS 

1 
CONSULTING ENGINEERS www.kirkham.com 

To Flood Control District of Maricopa County Date 5/12/06 

Address 2801 West Durango Street 

Phoenix AZ 85009 Phone: (602) 506-2943 

Attention Bobbie Ohler Fax 

Project White Tanks FRS#3 NIC-South Channel - FCD 2005C019 KM Job No. 0406919 

subject 60% Plans, Specs & Estimates PCN # 470.04.31 

WE TRANSMIT: [XI herewith under separate cover 

in accordance with your request 

FOR YOUR: [XI approval [XI distribution otherldescribe 

[XI review and comment record/files - 

[XI use information 

THE FOLLOWING: [XI drawings change order see below a ( 
specifications shop drawings [XI Reports 

VIA: telecopier deliveries [XI hand carry 

overnight express pick-up mail 

Quantitv Description Dated Code 
10 60% Plans (1 1 "XI 7") 
3 60% Cost Estimates 

4 Design Calculations & Analysis Notebooks 

1 Correspondence Notebook 

4 Special Provisions and Supplementary General Conditions 

1 Electronic Copy of SP's and SGC's 

REMARKS Please call if you have any questions or need additional copies. 

cc: F~le, Barry Ling 

Transmitted by Bob Durkee Approved by 

e i 

K\M\Mffi919 MCFCD - NIC (S)\Trnn~mBalsV(MT FCO NIC SC 60% P&SE - BOhIem512C6 doc 

9201 North 25th Avenue + Suite 195 + Phoenix, AZ 85021 (602) 944-6564 + FAX (602) 944-6592 



ariichg.the - White 

From: Bob Durkee 

@ Ekn: Bobbie FCDX 
Re: FW. Questions Regarding the White Tanks Retarding Structure No. 3 North lnlet 

Channel 

Bobbie: 

Our responses to the questions from Arnes are included below. 

Bob 

>>> "Bobbie Ohler - FCDX" <BAO@mail.maricopa.qov> 4/25/2006 8:00 am >>> 
Hi Bob and Barry - here are two questions for you (question 3 has been 
included in Addendum already, we just added the description and 
quantity). 

Can you please send the answers to me this morning, together with the 
changes for the Olive box stationing and angle - it doesn't sound like 
the drawing needs to be reissued, let me know what you think. 

The rest of the addendum is ready to go. If possible, we would like to 
get your answers incorporated into. the'addendum this morning and-have~~~~- .. '' 

you come in and sign it by noon. Will this work for you? Let me know, 
thanks. 

From: Chuck Woosley - FCDX 
Sent: Tuesday, April 25,2006 7.56 AM 
To: 'James Baile;' 
Cc: Bobbie ohlei - FCDX; Don Rerick - FCDX; Sharon McGuire - FCDX; 
Philip Baldwin - FCDX 
Subject: RE: Questions Regarding the White Tanks Retarding Structure No. 
3 ~ o r t h  lnlet Channel 

James, 

Your questions will be addressed in pending Addendum No. 1 and sent to 
all planholders, including Ames Construction (Attn: Eric Eberhard). 
Addendum No. 1 is expected to be issued by Thu. 4/27. 

Thank you for your interest in the project. 

Chuck Woosley 
Contracts/Permits Branch Manager 
Flood Control District of Maricopa County 
2801 W. Durango St. 
Phoenix, AZ 85009 
Phone: 602-372-0617 FAX: 602-506-2903 
E-mail: cww@mail.maricopa.qov 

---Original Message----- 
From: James Bailey ~rnailto~JBailev@amesco corn1 
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Sent: Monday, April 24, 2006 3.51 PM 
To: Chuck Woosley - FCDX 
Cc: Eric Eberhart 
Subject: Questions Regarding the White Tanks Retarding Structure 

No. 3 North Inlet Channel 

Chuck, 

Ames Construction would like to ask the following questions 
Regarding the White Tanks Retarding Structure No. 3 North lnlet Channel: 

1. Specification Section 505.1 States Concrete shall 
conform to MAG 725 and Chapter 5, Section 5.3 of ACI 318-89. 

Drawing ST-1 through ST-6 Reference ADOT Standards and Call for 
ADOT Class 'S 3000 psi. 

What Class of Concrete is required? MAG Class 'A' of ADOT Class 
3000 psi? 

Response: Use ADOT Class S 3000 psi concrete. 

2. The project plans call for a 2 foot thick layer of D50 = 
18" Riprap. This is impossible to construct when 50% of the stones in 
this type of riprap are 18" to 2l"and no stones are to be less than 7". 
This leaves no stones left to makeup the required remaining thickness of 
3" to 6". Typical the thickness of the riprap is twice the D50 size. 
In this case the layer should be 3 foot thick. 

Is 2 foot the correct thickness for this size of riprap? 

Response: In Section 6.5.3.2 Riprap Layer Characteristics of the FCDMC Hydraulics Manual, the 
riprap layer thickness shall be the greater of 1.0 times the Dl00 value of 1.5 times the D50 value. 
Per Subsection 220.4 of the Special Provisions, the Dl00 stone size is 26 to 31 inches. The D50 
stone size ranges from 18-21 inches. Using the FCDMC criteria, the depth of layer ranges from 26 
to 31.5 inches, depending on the size stones used. Our recommendation is to increase the layer 
thickness to 27-inches which is 1.5 times the 050 diameter of 18-inches. This increase in depth 
may increase riprap quantities some, but probably not enough to revise the quantities for. If 
FCDMC wants to increase the layer thickness to 36-inches, then the quantities of riprap will double 

'a over what is shown in the drawings. 
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~ . . . - . - - . . -. - . . . ... 3 . . - - - - . . . .. 3. Item 401-1, Traffic Control for Olive Avenue, has been 
left blank in the Bid Schedule. 

Thanks, 

James Bailey, P.E. 
Chief Estimator 
Ames Construction, Inc. 
Southwest Region 
602-431-2111 

CC: Barry Ling 



From: Bob Durkee 
To: 
Subject: 

Bobbie FCDX 
Re: WTFRS#3 NIC - Sheet 25 

Bobbie: 

Our response to these questions are shown below. 

Bob 

>>> "Bobbie Ohler - FCDX sBAO@ma~l.marico~a.aov~ 4/24/2006 4:23 pm >>> 
Bob - Ken found some discrepancies on the drawing, when he was working 
up a map and legal for the MCDOT maintenance permit. Here are the 
discrepancies: 

1. At the mid section line near the north end of the box culvert, the 
NIC stationing should be 207+50+/-, not 207+35.37 as shown. 
2. Per construction note 3, there is a 40 degree skew. This should be 
shown on the plan between box and N/S midsection line, so that 
contractor doesn't skew box off ENV line (doesn't work out as well). 
3. A station should be provided for where the centerline of box culvert 
begins at south end. 

Response:. We~aieeievisingDrawing C13 to show the correctedstations (Sta::707+11.03Mid 
Section Line = Sta. 207+50.26 NIC) and to show the skew angles for the RCB under Olive Ave. The 
station for the beginning of the box culvert south of Olive is shown on the profile (Sta. 204+56). 
Barry will bring the revised drawing to you when he comes down to sign and seal the amendment. 

I @ Please review the drawing and let me know if you agree 

This should not affect the bid so would not be essential to put in the 
addendum, but it would be nice to get it in so let me know how fast you 
can get a revised drawing back to me. 

Thanks 

Barry Ling 



From: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 
@ To: "Bob Durkee" <rdurkee@k~rkham.corn> 
I Date: 4/24/2006 4:27 pm 

Subject: VVTFRS#3 NIC -Sheet 25 

CC: "Ken Green - MCDOTX" <KenGreen@mail.maricopa.gov> 
Bob - Ken found some discrepancies on the drawing, when he was working 
up a map and legal for the MCDOT maintenance permit. Here are the 
discrepancies: 

1. At the mid section line near the north end of the box culvert, the 
NIC stationing should be 207+50+/-, not 207+35.37 as shown. 
2. Per construction note 3, there is a 40 degree skew. This should be 
shown on the plan between box and NIS midsection line, so that 
contractor doesn't skew box off ENV line (doesn't work out as well). 
3. A station should be provided for where the centerline of box culvert - 
begins at south end. 56.80 

Please review the drawing and let me know if you agree 

This should not affect the bid so would not be essential to put in the 
addendum, but it would be nice to get it in so let me know how fast you 
can get a revised drawing back to me. 

Thanks. 



From: "Bobbie Ohler - FCDX" <BAO@mail.rnaricopa.govz 
, To: "Bob Durkee" <rdurkee@kirkham.corn> 

Date: 4/24/2006 4:27 prn 
Subject: WTFRS#3 NIC - Sheet 25 

CC: "Ken Green - MCEOTX <KenGreen@rnail.rnaricopa.gov> 
Bob - Ken found some discrepancies on the drawing, when he was working 
up a map and legal for the MCDOT maintenance permit. Here are the 
discrepancies: 

1. At the mid section line near the north end of the box culvert, the /07/ / / ,03 r 745-0.- 
NIC stationing should be 207+50+/-, not 207+35.37 as shown. u 
2. Per construction note 3, there is a 40 degree skew. This should be Acgo& ' 338. 2/73 
shown on the plan between box and N1S midsection line, so that 
contractor doesn't skew box off E M  line (doesn't work out as well). 
3. A station should be provided for where the centerline of box culvert PEaF/& = -4f.5G 
begins at south end. 

Please review the drawing and let me know if you agree 

This should not affect the bid so would not be essential to put in the 
addendum, but it would be nice to get it in so let me know how fast you 
can get a revised drawing back to me. 

Thanks, 



Nmtlh,lrllet Cha ------.--.-. ~ ----.." -.,, 2 i] 

Ames Construction would like to ask the following questions 
Regarding the White Tanks Retarding Structure No. 3 North Inlet Channel: 

1. Specification Section 505.1 States Concrete shall 
conform to MAG 725 and Chapter 5, Section 5.3 of ACI 318-89. 

Drawing ST-1 through ST-6 Reference ADOT Standards and Call for 
ADOT Class 'S' 3000 psi. 

What Class of Concrete is required? MAG Class 'A' of ADOT Class 
'S' 3000 psi? 

2. The project plans call for a 2 foot thick layer of D50 = 
1 8  Riprap. This is impossible to constructwhen 50% of the stones in 
this type of riprap are 1 8  to 2l"and no stones are to be less than 7". 

@ This leaves no stones left to makeup the required remaining thickness of \ 
3" to 6 .  Typical the thickness of the riprap is twice the D50 size. 
In this case the layer should be 3 foot thick. 

Is 2 foot the correct thickness for this size of riprap? 

3. Item 401-1, Traffic Control for Olive Avenue, has been 
left blank in the Bid Schedule. 

Thanks, 

James Bailey, P.E. 
Chief Estimator 
Ames Construction, Inc. 
Southwest Region 
602-431-21 11 
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From: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 
To: "Bob Durkee" <rdurkee@kirkham.com>, "Barry Ling ... 
Date: 4/25/2006 8:03 am 
Subject: FW: Questions Regarding the White Tanks Retarding Structure No. 3 North Inlet 
Channel 

Hi Bob and Barry - here are two questions for you (question 3 has been 
included in Addendum already, we just added the description and 
quantity). 

Can you please send the answers to me this morning, together with the 
changes for the Olive box stationing and angle - it doesn't sound like 
the drawing needs to be reissued, let me know what you think. 

The rest of the addendum is ready to go. If possible, we would like to 
get your answers incorporated into the addendum this morning and have 
you come in and sign it by noon. Will this work for you? Let me know, 
thanks. 

From: Chuck Woosley - FCDX 
Sent: Tuesday, April 25,2006 7:56 AM 
To: 'James Bailey' 
Cc: Bobbie Ohler - FCDX; Don Rerick - FCDX; Sharon McGuire - FCDX; 
Philip Baldwin - FCDX 
Subject: RE: Questions Regarding the White Tanks Retarding Structure No 
3 North lnlet Channel 

James, 

Your questions will be addressed in pending Addendum No. 1 and sent to 
all planholders, including Ames Construction (Attn: Eric Eberhard). 
Addendum No. 1 is expected to be issued by Thu. 4/27. 

Thank you for your interest in the project. 

Chuck Woosley 
ContractslPermits Branch Manager 
Flood Control District of Maricopa County 
2801 W. Durango St. 
Phoenix, AZ 85009 
Phone: 602-372-0617 FAX: 602-506-2903 
E-mail: cww@mail.maricopa.gov 

---Original Message---- 
From: James Bailey [mailto:JBailey@amesco.com] 
Sent: Monday, April 24, 2006 3 5 1  PM 
To: Chuck Woosley - FCDX 
Cc: Eric Eberhart 
Subject: Questions Regarding the White Tanks Retarding Structure 

No. 3 North lnlet Channel 

Chuck, 
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From: , "Tom MacDougall" ~tmacdougall@ninyoandmoore.com> 
To: "Bob Durkee" <rdurkee@kirkham.com> 
Date: 2/17/2006 2:16 pm 
Subject: RE: NIC - South Channel 

CC: "Steven Nowaczyk' ~steve.nowaczyk@ninyoandmoore ... 
Bob: 

The soils underlying the existing eastern embankment a collapse 
potential. Our laboratory tests showed up to about 9% collapse upon 
inundation (this means that for every foot of collapsible material that 
underlies the embankment, you could get 1 inch of collapse or a 12 
foot-thick stratum could collapse 1 foot) Although I am not sure (due 
to the limited scope of our borings) how much of this material underlies 
the existing embankment, we could make some gross approximations. 

Do you know if the FCDX is considering removing and replacing the 
potentially collapsible soils that underlie the entire east bank? Or 
only in reacheswhere freeboard is less than a given amount (e.g. less 
than 3 feet)? Depending on \he channel configuration, and the amount of 
risk the District is willing to live with, some soil improvements may be 
needed. 

. . . . . . . ~ ~~~ ~ . . ~ ~  ~~ ~- - ~~~ ~ ~. 
I thiiikfrom a regulatory standpoint, the design we discussed would b C ~ - ~ ~  
approved because it is just a channel - no levee. ' From an engineering 
standpoint, soil collapse could damage the canal in extreme stormevents 
(if a water source was present in the channel long enough for seepage to 
reach the canal subgrade) and if the canal is underlain by collapsible '. soils (I do not know about the subgrade preparation of the Beardsley). 
M y  preliminaryopinion is that any collapse of the soils underlying the 
eastern embankment could likely be handled as a maintenance issue. j 

With respect to the geotechnical report, we think that is a good 
decision. Also, Larry's last name is Lambert. 

I hope all this information is more helpful than confusing. Please call 
with any questions. 

Regards, 

Tom MacDougall 

--Original Message----- 
From: Bob Durkee [mailto~rdurkee@kirkham.com] 
Sent: Friday, February 17, 2006 11:09 AM 
To: Tom MacDougall 
Cc: Barry Ling 
Subject: NIC - South Channel 

Tom: 

I met with the Flood Control D~strict, Maricopa Water District, and the 
Landscape Arch. about our plan for the South Channel that we talked @ about last Friday. 



Larry ( ? )  with FCDX was there talking about the FRSW dam project 0 and the problems they had with the collapsible soils. He said that they 
had problems with the soils becoming saturated and collapsing under 
their own weight. He asked is the same problem was going to occur along 
the east bank of the channel that would threaten the canal. 

FCDX would like to get an idea of the extent of problem soils that could 
be encountered for this project along the east bank. If they had to 
overexcavate the problem soils and replace them with an eng~neered 
backfill, how much area or volume would you think we are talking about 
(I know you don't have a copy of the new channel alignment, so it isn't 
really fair to ask you for a number, but they just want to know how 
widespread the soil problem is). 

Also, they are going to tell the contractors who bid on the North Inlet 
Channel that the geo-tech report is provided for their information, but 
it is not all encompassing. It is the contractor's responsibility to do 
what additional testing or sampling they feel may be needed to prepare 
their bids. FCDX will probably want to do the same thing when the South 
channel is bid. 

As soon as I can, I will get you a copy of the preliminary channel 
layout and cross sections. 

Bob 



From: 
.o: 
Date: 

Bob Durkee 
Tom MacDougaii 
2/17/2006 11:08 am 

Subjed: NIC - South Channel 

CC: Barry Ling 
Tom: 

I met with the Flood Control District, Maricopa Water District, and the Landscape Arch. about our plan for 
the South Channel that we talked about iast Friday. 

Larry ( ? )  with FCDX was there talking about the FRS#3 dam project and the problems they had 
with the collapsible soils. He said that they had problems with the soils becoming saturated and 
collapsing under their own weight. He asked is the same problem was going to occur along the east bank 
of the channel that would threaten the canal. 

FCDX would like to get an idea of the extent of problem soils that could be encountered for this project 
along the east bank. I f  they had to overexcavate the problem soils and replace them with an engineered 
backfill, how much area or volume would you think we are talking about ( I  know you don't have a copy of 
the new channel alignment, so it isn't really fair to ask you for a number, but they just want to know how 
widespread the soil problem is). 

. . .. . . . . . .. ... ~ . .  .... ~.~ ~. ~ ---p ~- .. .- -. ~ . 
~ . .~~~ 

Also, they are going to tell the contractors who bid on the North Inlet ch'ahei thatthe geo-tech report is 
provided for their information, but it is not all encompassing. It is the contractor's responsibility to do 
what additional testing or sampling they feel may be needed to prepare their bids. FCDX will   rob ably 
want to  do the same thing when the South channel is bid. 

$9 , As soin as I can, I will get you a copy of the preliminary channel layout and c r i r  sections. 

Bob 
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From: "Bobbie Ohler - FCDX" <BAO@mail.maricopa.gov> 

I. 2;: "Barry Ling" <bling@kirkham.com> 
1/24/2006 1:19 pm 

Subject: RE: nic south 

CC: "Bob Durkee" <rdurkee@kirkham.com>, "Steven Nov!.. 
The two solutions in your first paragraph sound betterleasier to me than 
the ones further down in your email. I'm sure the collapsible soils can 
be used for dam aesthetics, if we excavate them out and replace with 
good soil. Or installing sloped geomembrane. Those both sound fairly 
simple and fairly inexpensive, and will allow planting on the slopes. 

----Original Message---- . 
From: Barry Ling [mailto:bling@kirkham.com] 
Sent: Tuesday, January 24,2006 1:09 PM 
To: Bobbie Ohler - FCDX 
Cc: Bob Durkee; Steven Nowaczyk; Tom MacDougall 
Subject: nic south 

Bobbie 

In talking to Ninyo and Moore they now say the vertical geomembranewill 
not:work with collapsible soils. They are good fortransverse cracking 
which is what we were afraid of on the emf but may make the collapsible 

' 
soil's worse. The solutions they suggest are either the sloped 

.geGmembrane near the surface of our 5:l slope or overexcavating and 
replacing the coilapsible soils. 

. . .a . m e  fact that we are thinking of going deeper$ll help I cgpied the 
profile I had at the meeting and gave it to them today so they can 
@rainstorm some more. They will also be talking to Larry Lambert. 

. . .  
~he)i&nder if w e ' c ~ n  the gabion$ back in- I said not from the 
aesthetics and cost standpoint. I'm wondering if we could use 3 inches 
of a good stone mulch Gong the east bank over 12 inches of soil and 

, . the HDPE liner? If We can ,keep the velocities close to 3 fps? Might be 
less maintenance than gabions and a lot lesscost but Would be hard to 
do plantings. . . . . 

, . :, . 
. . 

Welll.keep you posted and call a meeting when we have something to 
. . ' report. . . 

. . 
Barry 


