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Omaha Des Mojnes Denver 
Phoenix Ellsworth & Louisburg, KS 

@ C O N S U L T I N G  E N G I N E E R S  www.kirkham.com 

NOTE TO READER 

You need to be aware that the project was initially designed as a single phase project it was 
subsequently issued for three construction phases. The basis for making the splits is 
described in a separate volume titled "Construction Phasing". That notebook contains details 
about how the plans and special provisions were split among the phases, of how quantities 
were split among the phases, and construction schedules for each phase. 
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Rittenhouse Basin Final Design -Feb 2003 
Geom: Final Rittenhouse Basin Design 
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Rittenhouse Basin Final Design -Feb 2003 
Geom: Final Rittenhouse Basin Design 

River = EMF Reach = Reach 4 RS = 16.93 LW Lateral Weir into Rienhouse Basin 

US Flow-HW - Final 

DS Flow-HW - Final 

Flow Leaving 

Flow-Gate # I  - Final 

Flow-Gate #2 - Final 

Flow-Gate #3 - Final 



Rittenhouse Basin Final Design -Feb 2003 
Geom: Final Rillenhouse Basin Design 

River = EMF Reach = Reach 4 RS = 16.93 LW Lateral Weir into Rill 

Legend 

Stage-TW - Final 

US StageHW - Final 
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Rittenhouse Basin Final Design -Feb 2003 
Gmrn: Final Riienhouse Basin Design 

River = EMF Reach =Reach 46 RS = 16 Ineffective Flow Area Due to Rittenhouse Road Bridge 





HEC-RAS Plan: Final Profile: Max WS 

Reach 

RiienhouseBasin 

River Sta I W S. Elev / SA Mln El I SAArea I SA Volume 

(R) (fl) / (acres) 1 (acre-fl) 
R'ttenhouseBasIn I 1316.711 1311.00/ 0.00 / 535 96 



KM KIRKHAM 
MICHAEL 

Consulting Engineers 
9201 N 25~Ave, Suite 195. Phoenix A Z  85021 

Phone: 602+944-6564, FAX: 944-6592 

Job 0112925 

Client FCDMC 

Project Rittenhouse Basin 
Calculafed by DAV 

Checked b K p b G e  
Date 12/29/03 

INERT MATERIALS 350-7 

Quantities based on a windshield surviy done by DAV on 12/09/03 

Concrete rubble est 10 CY 14 TN=CY*100*27/2000 
Use 20 TN 

Unit Load, TN TotaVTN 
Disposal: Cost per TN $ 34 $ 34 
Haul: One truck for 1 HR RT $ 50 13.5 $ 4 10 CY truck can haul 13.5 TN in 1 hr 
Load: 2 men, 112 HR + FE loadei $ 88 27.0 $ 3 can load 2-10 CY truck. 27 TN in 1 hr 

$ 41 
USE $ 45 per TN 

I 
1 RB estimates.xls T-Inert materials Page 1 of 1 pages 2/10/2004 3:50 PM 



KM KIRKHAM 
MICHAEL 

Job 01 12925 

Client FCDMC 

Consulting Engineers Project Rittenhouse Basin 
9201 N 25th Ave, Suite 195, Phoenix AZ 85021 Calculated by DAV 

Phone: 602+944-6564, FAX: 944-6592 checked by&+-- 
Date 12129103 

NON-INERT MATERIALS 350-8 

Quantities based on a windshield survey done by DAV on 12/09/03 and appearance of gin waste in project mapping 

Estimating amount of gin waste, 500' strips perpendicular to Power Rd 

Zone gross 
Strip Strip depth, FT area 

1 1800 900000 
2 2500 1250000 
3 2200 1100000 
4 1900 950000 
5 1700 850000 
6 1500 750000 

% gin 
cover 

5% 
5% 

10% 
10% 
5% 
5% 

Disposal: 
Haul: 
Load: 

Gin 
volume, 

Gin area CF 
45000 67500 
62500 93750 

1 I0000 165000 
95000 142500 
42500 63750 
37500 56250 

USE 

Gin wgt, 
TN 

675 
937.5 
1650 
1425 

637.5 
563 

5887.5 
6000 TN 

Unit Load. TN TotaliTN 
Cost per TN $ 34 $ 34 
One truck for 1 HR R1 $ 50 2.70 $ 19 can haul 2.7 TN in 1 hr 
2 men, 112 HR + FE lc $ 88 5.40 $ 16 can haul 5.4 TN in 1 hr 

$ 69 
USE $ 80 per TN 



UM KIRKHAM 
MICHAEL 

Consulting tnglneers 
9201 N 25th Ave, Suite 195, PhoenixAZ 85021 

Phone: 6021944-6564, FAX: 944-6592 

TIRES 350-9 

Quantities based on a windshield survey done by DAV on 12/09/03 

Count by estimate 4 tires 

Job 01 12925 

Client FCDMC 

Project Rittenhouse Basin 
Calculated by DAV 

Checked by G-W 
Dafe I2129103 

0.10 TN= EA*5012000 
0.10 

USE 1 TN 

Total 
Disposal: Cost per tire $ 12 $ 480 
Haul: One truck for 1 HR RT $ 50 $ 200 can take 10 tires in one load, 114 TNlhr 
Load: 2 men +truck, 112 HR $ 75 $ 150 can load 10 tires in 112 hr, 112 TNlhr 

$ 830 
USE $ 900 per TN 

RB estimates.xls T-Tires Page 1 of 1 pages 2/1012004 351 PM 



EM KIRKHAM 
MICHAEL Arizona Colorado 

Iowa Kansas Nebraska 

C O N S U L T I N G  ENGINEERS 

TELEPHONE CALL RECORD 

PROJECT: EMF basins DATE: 12/10/03 

CALL TO: Salt River Landfill, 4804-941-3427 ENGINEER: Kirkham Michael 

CALL FROM Dave Violette KM PROJECT NO.: 01 12925 

DISCUSSION. AGREEMENT AND/OR ACTION: 

They charge $34 per ton for buk waste. They will accept concrete rubble, scrap metal, cotton gin waste, 
etc, but do not accept tires. 

K:\01\0112925 - EMF DSMCOST ESTIMATE\PHN SRLANDFILL 0312lO.DOC 

9201 North 25"Ave + Suite 150 Phoenix, AZ 85021 (602) 9446564 FAX (602) 9446592 



KIRKHAM 
MICHAEL Arizona Colorado 

- 
Iowa Kansas Nebraska 

a C O N S U L T I N G  E N G I N E E R S  www.kukham.com 

TELEPHONE CALL RECORD 

PROJECT: EMF basins DATE: 12/10/03 

Glenn Weinberger Landfills, 
To: 602+278-9155 ENGINEER: Kirkham Michael 

CALL FROM Dave Violette KM PROJECT NO.: 01 12925 

DISCUSSION, AGREEMENT AND/OR ACTION: 

They charge $6 each to accept tires without rims, $12 each for tires with rims. They then take them to 
the proper disposal site. 

K:\O1\0112925 -EMF DSN\COST ESTIMATEWHN TIRE DISPOSAL 031210.DOC 

9201 North 25" Ave Suite 150 Phoenix, AZ 85021 (602) 944-6564 FAX (602) 944-6592 



KIRKHAM Job number: 

MICHAEL 
C O N S U L T I N G  E N G I N E E R S  9201 North 25UI Avenue, Sulte 150 + Phoenlr AZ 85021 Sheet I of .5 

Project: F Ti%%=dr~5 -QZCB 

Subject: &M L LI ?+ @ %1 LS ~ e s i w e ~ : X  Checked: 



Kirkham Michael Consulting Engineers October 10,2002 Z/S 
Rittenhouse Detention Basin, Maricopa County, Arizona Project No. 600198002 

the older Pleistocene deposits, which were encountered below roughly elevation 1,300 

to 1,320 feet MSL. 

We recommend that trenches and excavations associated with the project be designed 

and constructed in accordance with Occupational Safety and Health Administration 

(OSHA) regulations. These regulations provide trench sloping and shoring design pa- 

rameters for trenches up to 20 feet deep based on a description of the soil types 

encountered. Trenches greater than 20 feet deep should be designed by the Contractor's 

engineer based on site-specific geotechnical analyses. For planning purposes, we rec- 

ommend that the OSHA soil classification for the encountered alluvial soil be 

considered as Type C. 

9.1.2. Grading, Fill Placement, and Compaction 

Vegetation and debris fiom the clearing operation should be removed fiom the site and * disposed of at a legal dumpsite. Demolition debris should be removed from the site and 

disposed of at a legal dumpsite. Obstructions that extend below finish grade, if present, 

should be removed and the resulting holes filled with compacted soil. 

The geotechnical consultant should carefully evaluate areas of soft or wet soils prior to 

placement of fill or other construction. Drying or overexcavation and replacement of 

such materials may be anticipated. 

Imported soils and soils generated fiom on-site excavation activities that exhibit very 

low to low expansive potential, are generally suitable for reuse as engineered fill in 

structural areas. Very low to low expansive potential soils are defined as having an Ex- 

pansion Index (by ASTM D 4829-95) of 50 or less. 

We recommend that new fill be placed in horizontal lifts approximately 8 inches in 

loose thickness and compacted by appropriate mechanical methods, to 95 percent or 

more relative compaction, in accordance with ASTM D 698-00 at a moisture content 

within two percent of its above optimum. 

600198002 rpt(rh) dos 10 ~ ~ / ~ y u ~ + o o r e  



Kirkham Michael Consulting Engineers October 10,2002 
Rittenhouse Detention Basin, Maricopa County, Arizona Project No. 600198002 3p 

5 

Based on the laboratory tests we performed, an earthwork (shrinkage) factor of 10 to 25 

percent is appropriate for the on-site soils within the basin area. This shrinkage factor 

range represents an average of the material tested. Potential bidders should consider this 

in preparing estimates and should review the available data to make their own conclu- 

sions regarding excavation conditions. 

Although not apparent in our excavations and because much of this site was used for 

farming in the past, the top 6 to 12 inches may contain some organics. This layer may 

need to be segregated during construction and reused in non-structural area of the site. 

9.1.3. Composition of On-Site Excavated Material 

The composition of the soils that will likely be excavated for construction of the basin 

was outlined in Section 7.2. In addition to the index testing (grain size analysis and At- 

terberg limits) that was done to classify these soils, we also performed Expansion Index 

and corrosivity tests as a means to evaluate these soils for potential reuse. Table 3 out- 

lines the results of these tests. Note that, given the very large volume of soil to be 

excavated and the heterogeneous nature of the natural soils, wider variations in soil 

characteristics than suggested by these results are likely. 

Table 3 -Summary of Expansion Index 
and Corrosivity Test Results 

The Expansion Index test is used to evaluate the swell or expansion potential of a re- 

molded soil sample that is inundated with water. Based on Uniform Building Code 

(UBC) Standard No. 18-2, an Expansion Index &om 0 to 20 indicates a very low expan- 

'@ v 
sionpotential, 21 to 50 indicates a low expansion potential, 51 to 90 indicates a medium 

6W198W2 rpr(rh) doc 



Kirkham Michael Consulting Engineers October 10,2002 
Rittenhouse Detention Basin, Maricopa County, Arizona Project No. 600198002 

expansion potential, 91 to 130 indicates a high expansion potential, and 130 or above 

indicates a very high expansion potential. The soils that we tested exhibited a very low 

expansion potential. 

The pH and minimum electrical resistivity tests were performed in general accordance 

with Arizona Test 236b, while sulfate and chloride tests were performed in accordance 

with Arizona Test 733 and 736, respectively. The soil pH values ranged from 7.8 to 8.7, 

which is considered to be alkaline. The minimum electrical resistivity measured in the 

laboratory varied from 726 to 2,046 ohm-cm, which is considered to be corrosive to fer- 

rous materials. The chloride content of the sample tested ranged fiom about 56 to 73 

ppm, which is also considered to be corrosive to ferrous materials. 

Based on the UBC criteria, the potential for sulfate attack is negligible for water-soluble 

sulfate contents in soil ranging from 0.00 to 0.10 percent by weight (0 to 1,000 ppm), 

and moderate for water-soluble sulfate contents ranging from 0.10 to 0.20 percent by 

weight (1,000 to 2,000 ppm). The potential for sulfate attack is severe for water-soluble 

sulfate contents ranging fiom 0.20 to 2.00 percent by weight (2,000 to 20,000 ppm), and 

very severe for water-soluble sulfate contents over 2.00 percent by weight (20,000 

ppm). The soluble sulfate content of the soil samples tested ranged from 0.002 to 0.006 

percent, which represents a negligible sulfate exposure for concrete. 

9.1.4. Imported Fill Material 

Imported fill in contact with ferrous materials or concrete, if utilized, should consist of 

dean, granular material with a very low or low expansion potential. Import material that 

is in contact with buried ferrous materials or concrete should also have low corrosion 

potential (minimum resistivity greater than 2,000 ohm-cm or chloride content less than 

25 parts per million [pprn], and soluble sulfate content of less than 0.1 percent). The 

geotechnical consultant should evaluate such materials and details of their placement 

prior to importation. 

--• 
L, 

600198002~l(~h)~ 12 Y~B#O&~DO~@ 
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EXPANSION INDEX TEST RESULTS 

PERFORMED IN GENERAL ACCORDANCE WITH UBC STANDARD 18-2 

\ > 

SAMPLE 

LOCATION 

RH-6 

RH-12 

RH-14 

RH-16 

COMPACTED 

DRY DENSITY 

(PCF) 

101.3 

107.7 

99.5 

96.8 

SAMPLE 

DEPTH 

(FT) 

0-2 

12-15 

0-5 

12-15 

f EXPANSION INDEX TEST RESULTS\ 

FINAL 

MOISTURE 

(%) 

15.7 

18.0 

22.1 

22.6 

INITIAL 

MOISTURE 

(%I 
11.0 

12.0 

10.0 

15.7 

C 

EAST MARICOPA FLOODWAY - ~Inyi&/poore - RITTENHousE DETENTION BASIN 
MARICOPA COUNTY, ARIZONA 

J 
PROJECT NO. FIGURE 

VOLUMETRIC 

SWELL 

(IN) 

0.0175 

0 0003 

0 0063 

0.0074 

\ 600198002 10102 
UPlNSlONXUO 

1 DATE )(Z) 

EXPANSION 

INDEX 

18 

0 

6 

7 

EXPANSION 

POTENTIAL 

Very LOW 

Very Low 

Very Low 

Very LOW 



D.on Rerick - FCDX 

  avid Violette [dviolettea kirkham.com] 
- Tuesday, December 09,2003 8:25 AM 
djr@rnail.maricopa.gov 

Subject: ,,, , Avaiiibility.of$oils:for . . . . ., reuse ~ ~ . R . B . ~ ~ ~ , c H B  ,:, . . 

In RB soils report Ninyo and Moore recommended in 9.1.2 that very low to 
low expansive potential solls be used for engineered fills, etc. The 
table in 9.1.3 and figure B-66 in thelr report show that probably all 
soils in the basm excavation area are likely to meet those criteria. 

I am revising Subsection 206.4 of the SPs as follows to correctthe 
index being used and the limits shown in the report: 

"Material for structure backfill placed beneath structures may be drawn 
from material available onsite for this project. Structure fill material 
must be low Expansion Index soils. Refer to thesoils logsin the plans 
and to the Geotechnical Report to help identify soils for this use; 
select soils with a Expansion Index of 50 or less. Structure fill is to 
be placed in 8" horizontal lifts with moisture control and compacted 
using mechanical methods to 95 percent or more relative compaction in 
accordance with ASTMD 698-00 at moisture content within two percent of 
the optimum moisture content for that soil. Refer to Sections 9.1.2 and 
9.3.1 of the Geotechnical Report for more details. " 

In CHB soils report they recommended the same criteria in 9.1.2 of t h a d  
report. The table in 9.1.3 and figure B-100 in their report show that 
probably all soils in the basin excavation area are likely to meet those 
cricteria .' 

am revising Subsection 266.4 of the CHB SPs as foll~ws: 

'"Platerial 'for structure backfill placed beneath structures may be drawn 
from material available onsite for this project. Structure fill material 
must be low Expansion Indexsoils. Refer to the soils logs in the plans 
and to the Geotechnical Report to help identify soils for this use; 
select soils with a Expansion Index of 50 or less. Structure fill is to 
be placed in 8" horizontal liEts with moisture control and compacted 
using mechanical methods to 95 percent or more relative compaction in 
accordance with ASTM D 698-00 at moisture content within two percent of 
the optimum moisture content for that soil. Refer to Sections 9.1.2 and 
9.4.1 of the Geotechnical Report for more details. " 

It appears that there is a sufficient amount of material available on 
site to provide for all structure fill needs. 

I will also add a section to the DC&AN showing those analyses. 

Dave 

5a /u 
- - - - - - - . d 
 id A. Violette, PE 
Kirkham Michael Consultin 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564,' fax 997-5980, cell 
292-4864 



WM KIRKHAM Job 0112925 

MICHAEL Client FCDMC 

Consulting Engineers Pmject Rittenhouse Basin ' 9201 N 25th Ave, Suite 195, PhoenixM85OZl Calculated by JKK 
Phone: 602+944-6564, FAX: 944-6592 Checkedby & 

Date 
STRUCTURE QUANTITIES 

Lateral Weir Concrete CY 2148 $350.00 $751,800.00 
Weir Aesthetics % I 10% $75,180.00 

Total $826,980 

Structural Exc CY 14,800 $8.00 $118,400.00 
Structural Fill CY 10,500 $15.00 $157,500.00 

Structural Backfill CY 4,820 $15.00 $72.300 00 

RB estirnates.xls T-Structure Estimates Page 1 of 1 pages 211 012004 3.47 PM 
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Rittenhouse Basin Excavation Quantity - End Area Method 

 i it ten house Basin Quantityheck 
7 --I -. I...- 



RH-det-basi n. t x t  

 itt ten house sasin Detention Basin (Cut Q t y  only) 

~ r i a n g l  e Volume 

Tr iang le  volume Report 

o r i g i n a l  Surface: exst-12-16-02 
oesign surface: prop13 

Mode: Ent i  r e  sur face 
c u t  Factor:  1.0 

~ i 1 1  Factor:  1.0 

cu t :  58094079.1 cu ft 
F i l l :  1572867.1 CU ft 
Net: 56521211.9 CU ft 

Cut: 2151632.6 cu yd - -PAWla -9 
F i l l :  58254.3 cu yd 
Net: 2093378.2 CU yd 

Page 1 





,Don.Rerick - F'CDX, ' . , , . .  , . . , , ,  . , ,  . . . . , , , . . . . ,  . .  

David Vioiette [dvidlett~kirkham~com] .From 
,,:+%-,,!: Monday, January 12,2004 3144 PM a, ., djr@mailm8ricopa.gov Barry Ling 

. Geotextile barriervs root intrusion subject: 

In your email of 1/6/04 regarding your review of RB C025 you asked: 

. . . .  And, another question - During the design what 
thought if any was given to the fact that there is landscape plantings 
shown 
located over the barrier. This certainly could cause damage to the 
barrier 
during installation, and possible future root intrusion Bamage to the 
geotextile. Please provide a response to this question." 

we did consider the possibility of roots penetrating the barrier but 
are not concerned if that happens. The geotextile barrier is primarily 
intendea to protect the lower zones of the embanlment, below any likely 
water level in the basin. The detail for the top portion of the 
geotextile is to support the fabric while it is being installed and 
backfilled. The roots for the shrubs are typically in the top 2 ft, and 
for the trees to be planted in the project the roots go about 3 ft deep. 
The minimum freeboard is 3 ft, 'so any root penetration into the 
geotextile will not cause a problem. 

we included dwg cz in the landscaping/irrigation plan sets so that the 
Contractbr will be aware where the geotextile is located in order to 
avoid undue damage while excavating. However, even excavation damage at 
ose top levels is not a concern. , , 

, . 

- - - - - - -  
David A. Violette. PE - 

Kirkham Michael Consulting Engineers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 



Classification of Scour Equation for Various Structure Designs 

@ Equation 

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

B 

C 

D 

04/24/2002 Introduction Cutoff Walls Calculations.xls 

Design 
Siphon crossing or any buried pipeline. Stability study of 
a natural bank, WateMray for on-span bridge 
Abutments to bridge or siphon crossing. Bank slope 

Type 

A 

Scour 

Natural channel for restrictions and bends 

Bankline structures 

Midchannel structures 

Hydraulic structures across channel 

protection such as riprap, etc. Spur dikes, groins, etc. 
Pumping plants. Canal headworks 
Piling for bridge. Piers for flume over river. Powerline 
footings. Riverbed water intake structures 
Dams and diversion dams. Erosion controls. Rock 
cascade drops, gabion controls and concrete drops. 



Local Scour Analysis -Type A and B Equations 

mr3 ;'b ". b':'<in @~~la;.v!, ..-? . 
-., ...-. . , . -. . .. 

, , ;: . . . 
, . : . . ' A . T . - -- ' A .  ... ., . 

Tire: Rittenhouse Basin Sideweir Cutoff Wall -EMF Side (Future Conditions) 
Design Discharge: 

Channel Width: 
Mean Water Depth: 

Water Area: 
Mean Velocity: 

DischargeIUnit Width: 
Channel Condition: 

Enter: 
Bed Material Size: 

Q = 6,000 cfs 
B = 200 ft 

dm = 8.24 ft 
A = 1,851 sq ft 

V, = 3.24 Ws 

9 = 30.00 cfslft 
(see below) Straight 
Straight, Mod Bend, Severe Bend, Right Angle Bend, or Vertical Wail 

D5o = 0.060 mm 

Da5 = 0.000 mm 

Dgo = 0.000 mm 

w.._., ' % .  . .. 
~ ~ $ ~ j " , ~ ~ % ~ ~ $ ~ & ~ $ ~ L ~ & ~  ... (3 Summary -.s. -#-.. of ~ e t h o d k e s u l t s  . . .  . , . .' . . .  

04/24/2002 Eq Type A & B Input & Summary Cutoff Walls Calculations.xls 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Future Conditions) 

a ,  I I Lacey Equation 

Mean Depth 
Lacey's Design Discharge Channel Condition -Enter 

Silt Factor dm=0.47(~lf)'" Straight, Mod Bend, Severe Bend 
Right Angle Bends or Vertical Wall 1 f=g.76*D5212 1 (fi) 1 

1 0 . 4 3 3 1  1 11.3 1 Straight 

Scour Depth 

Factor d,=Zd, 

04/24/2002 Lacey Equation Cutoff Walls Calculations.xls 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Future Conditions) 

04/24/2002 Blench Equation Cutoff Walls Calculations.xls 

Blench Equation 

Adjustment 
Factor 

Z 

0.6 

Channel Condition - Enter 
Straight, Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 

Straight 

Zero Bed Factor 
Enter from Figure 9 

F ~ o  

0.4 

Scour Depth 
Below Streambed 

d,=Zd, 

(ft) 

7.86 

d,=(q~3/~,:'3) 
(ft) 

13.10 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Future Conditions) 

Neill Equation 
I I I I 1 

! I z , " 1 " ' I "  : '  , : ,  , , , ; j  
0.001 0.002 0.~05 3.01 0.02 aos s.io 3.20 0.50 1.0 

RED-MATERibi GRAIN SiZE 1 it i 

Flgure 12. - Suggested. cmpetent mean uelocit4er for  signli ici inP bed mo~eneat 
o f  cohesionless materials, i n  terms of sraiii s i r e  and depth of f low (aFler 
Neill. 1975). 

Mean Depth 
Design Discharge 

d 

04/24/2002 Neill Cutoff Walls Calculations xls 

Mean 
Velocity 

V m  

Competent Mean Velocity 
(Figure 12) 

Vc 

Scour Depth 
Below Streambed 

d,=d(V,N,-I) 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Future Conditions) 

Straight 1 025  1 2.06 

@ USBRI 
USBR Equation 

I}  OBSERVED D#i4 
+ Gaer"#w 

USBR I & I I  Cutoff Walls Calculations.xls 

K 
(K=2.45) 

USBR II 

d , = ~ ~ ~ . ~ ~  
(ft) 

Mean Depth of 
Design Discharge 

dm 
(ft) 

Adjustment 
Factor 

z 

Channel Condition - Enter 
Straight, Mod Bend, Severe Bend 

~ i g h t  Angle Bends or Vertical Wall 

Scour Depth 
Below Streambed 

d,=Zd, 

( ft ) 



Classification of Scour Equation for Various Structure Designs 

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

Design 
Siphon crossing or any buried pipeline. Stability study of 
a natural bank, Waterway for on-span bridge 
Abutments to bridge or siphon crossing. Bank slope 
protection such as riprap, etc. Spur dikes, groins, etc. 

Equation 
Type 

A 

B 

C 

D 

Introduction Cutoff Walls Calculations.xls 

Scour 

Natural channel for restrictions and bends 

Bankline structures 

Midchannel structures 

Hydraulic structures across channel 

Pumping plants. Canal headworks 
Piling for bridge. Piers for flume over river. Powerline 
footings. Riverbed water intake structures 
Dams and diversion dams. Erosion controls. Rock 
cascade dro~s, aabion controls and concrete drops. 



Local Scour Analysis -Type A and B Equations 

/D"?yq3* :'rp'gy".J~~ y'#:,r' -'- s:r . ,: , ,  . .  ' 5 .  7. 
.-d.ik ..a,& :. .,a 2. . n~llcp@.;..t? . .  ':', : : .  -. . 

Title: Rittenhouse Basin sideweir cutoff Wall - EMF Side (Existing Conditions) 
Design Discharge: 

Channel Width: 
Mean Water Depth: 

Water Area: 
Mean Velocity: 

DischargeIUnit Width: 
Channel Condition: 

Enter: 
Bed Material Size: 

Q = 12,750 cfs 
B = 200 ft 

dm = 12.75 ft 

A = 3,037 sq f t  
V, = 4.20 Ws 

9 = 63.75 cfslft 
(see below) Straight 
Straight, Mod Bend, Severe Bend, Right Angle Bend, or Vertical Wall 

D50 = 0.060 mm 

04/24/2002 Eq. Type A & B Input & Summary Cutoff Walls Calculations.xls 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Existing Conditions) 

Lacey Equation Cutoff Walls Caiculations.xls 

Lacey Equation 

Scour Depth 
Below Streambed 

d,=Zd, 

(ft) 

3.634 

Lacey's 
Silt Factor 

f=l .76*Dso 112 

0.431 

Channel Condition - Enter 
Straight, Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 

Straight 

Mean Depth 
Design Discharge 

d,=0.47(~lf)"~ 

(ft) 

14.5 

Adjustment 
Factor 

Z 

0.25 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Existing Conditions) 

04/24/2002 Blench Equation Cutoff Walls Calculations XIS 

Blench Equation 

0, MEDIaN I l lAMFtEn O f  BEO ~ ~ P I E H I I I ~ .  jmmi 

-.- 

C H m f  FOR ESTIMATING Fb, (AFTER BLENCH] 

Fiourc 9. - Chart f o r  estimating rho (nfier niench, 1q51), 

Adjustment 
Factor 

Z 

0.6 

Channel Condition -Enter 
Straight, Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 

Straight 

Zero Bed Factor 
~~t~~ from Figure 9 

FbO 

0.4 

Scour Depth 
Below Streambed 

d,=Zd, 

(ft) 

13.00 

d,o=(q:"~~,:'3) 
(ft) 

21.66 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Existing Conditions) 

Neill Eauation 

Flyure 12. - Suggested cmpetent deal velociticr f o r  rjon?ficr5)t bed movene~t 
o f  cahef?onlesr materials ,  i n  tevflr of grain s ize  and-depth of f l o w  [af t r r  
N e i l l .  1913). 

Mean Depth 
Design Discharge 

d 

(ft) 

04/24/2002 Neill Cutoff Walls Calculations.xls 

Mean 
Velocity 

v m  
(ftls) 

Competent Mean Velocity 
(Figure 12) 

v c  

(ftls) 

Scour Depth 
Below Streambed 

d,=d(V,N,-I) 

(ft) 



Rittenhouse Basin Sideweir Cutoff Wall - EMF Side (Existing Conditions) 

USBR I & I1 Cutoff Walls Calculations.xls 

USBR Equation 
USBR l USBR II 

K 
(K=2.45) 

2.45 

d , = ~ ~ ~ . ~ ~  
( f t )  

6.64 

Mean Depth of 
Design Discharge 

dm 
(ft) 

12.8 

Adjustment 
Factor 

Z 

0.25 

Channel Condition - Enter 
Straight, Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 

Straight 

Scour Depth 
Below Streambed 

d,=Zdm 

(ft) 

3.19 
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' Inch-pound u n i t s  M e t r i c  u n i t s  

37.05 L  = 1.625 (6 .94)  L g = m .  g  0.00112 

and f o r  t h e  subreaches: 

Inch-pound u n i t s  

22.8 L  = = 1 0  200 f t  1 2 (0.00112)- 

CHANNEL SCOUR DURING PEAK FLOODFLOWS 

The d e s i g n  o f  any s t r u c t u r e  l ocated e i t h e r '  a long t h e  r iverbansk and f l o o d  
p l a i n  o r  ac ross  a channel  r e q u i r e s  a  r i v e r  s t u d y  t o  d e t e r m i n e '  t h e  response o f  

0, t h e  r i v e r b e d  and banks t o  l a r g e  f l o o d s .  A knowledge o f  f l u v i a l  morpho logy 
combined w i t h  f i e l d  exper ience  i s  i m p o r t a n t  i n  b o t h  t h e  c o l l e c t i o n  o f  ade- 
quate  f i e l d  d a t a  and s e l e c t i o n  o f  a p p r o p r i a t e  s t u d i e s  f o r  p r e d i c t i n g  t h e  

N a t u r a l  scour o c c u r s  i n  any moveable bed r i v e r ,  b u t  i s  more severe when 
as,sociated w i t h  r e s t r i c t i o n s  i n  ~ i v e r  w id ths ,  caused b y  morpho log ica l  
channel changes, and i n f l u e n c e d  by' e r o s i v e  f l o w  p a t t e r n s  r e s u l t i n g  f rom 
channel a l i nement  such as a  bend i n  a  meander ing r i v e r .  Rock o u t c r o p s  a long  
t h e  bed o r  banks o f  a  stream can r e s t r i c t  t h e  normal r i v e r  movement and t h u s  
e f f e c t  any o f  t h e  above i n f l u e n c i n g  f a c t o r s .  Manmade s t r u c t u r e s  can have 
v a r y i n g  degrees o f  i n f l u e n c e ,  u s u a l  l y dependent upon e i t h e r  t h e  r e s t r i c t i o n  
p laced  upon t h e  no~rmal r i v e r  movement o r  by t u r b u l e n c e  i n  f l o w  p a t t e r n  
d i r e c t l y  r e l a t e d  t o  t h e  s t r u c t u r e .  Examples o f  s t r u c t u r e s  t h a t  i n f l u e n c e  
r i v e r  movement would be ( 1 )  l e v e e s  p laced  t o  c o n t r o l  f l o o d  p l a i n  f l o w s ,  t h u s  
i n c r e a s i n g  main channel  d i scharges ;  ( 2 )  spur d i k e s ,  g r o i n s ,  r i p r  apped banks, 
o r  b r i d g e  abutments used t o  c o n t r o l  main channel  movement; o r  ( 3 )  pumping 
p l a n t s  o r  headworks t o  c a n a l s  p laced  on a  r i v e r b a n k .  Scour o f  the.  bed o r  



. . 

. , * structures;  or  ( 4 )  occasionally a powerline or tower s t ructure  placed .in the 
T, ~, . 

flood plain b u t  exposed t o  channel erosion with extreme shif t ing or movement 
of a r iver .  All of the above may be subject to higher local ve loc i t ies ,  b u t  i i 
usually are subject  t o  the more c r i t i c a l '  local scour caused by turbulence and 
he1 icoidal flow pat terns .  j 

The prediction of r iver  channel scour due t o  floods i s  necessary f o r  the 
design of many Reclmation structures.  These Reclmation guidelines o n  scour 
represent a summary of some of the more appl icable techniques which are  
described in grea te r  de ta i l  in the reference publications by T. Blench 
(1969), National Cooperative Highway, Research Program Synthesis 5 (1970), 
C. R .  Neil1 (1973),  D. B. Simons and. F. Senturk (1977) ,  and S. C. Jain 
(1981). The paper by S. C. Jain (1981) summarized many of the empirical 
equations developed for predicting scour of a streambed around a bridge pier.  
I t  should be recognjzed tha t  the many equations are empirically developed 
from experimental studies.  Some are reg ime-type based on practical  condi- 
t ions and considerable experience and judgment. Because of the complexity of 
scouring action as related t o  velocity,  turbulence, and bed materials,  i t  i s  
d i f f i c u l t  to prescribe a d i r ec t  procedure. Reclamation practice i s  to 
compute scour by several methods and u t i l i ze  judgment in averaging the 
r e su l t s  or select ion of the most applicable procedures. 

The equations f o r  predicting local channel scour usually can be grouped into 
those applicable to the two previous1 y described- processes of e i ther  a 
natural channel scour or scour caused by a manmade s t ructure .  A fur ther  @ breakdown of these processes i s  show in table  6 where Type A equations are 
those used for  natural r iver  erosion and'Types 8, C, and D cover various 
manmade s t ructures .  

The importance of experience iind judgment in conducting a scour study cannot 
be overemphasized. I t  should be recognized tha t  the techniques described in 
these guidelines merely provide a set of practical tools  in guiding the 
investigator to. estimate the amount  of scour for  use in design. The collec- 
t ion of adequate f i e l d  data to define channel hydraulics and bed or bank 
materials t o  be scoured govern the accuracy of any study. They should be 
given as much emphasis as the methodology used in the analytical study. 
Field data are  needed to compute water surface prof i les  for  a reach of r iver  
in the determination of channel hydraulics for use in a scour study. With no 
res t r ic t ions  in channel width, scour i s  computed from the average channel 
hydraulics for  a reach. If a structure r e s t r i c t s  the r iver  w i d t h ,  scour i s  
computed from the channel hydraulics a t  the r e s t r i c t i on .  In a i l  cases; scour . . 

estimates should be based upon the portion o f  discharge in and hydraulic 
character is t ics  of the main channel only. 

. .. 

30 
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Methods adoated b v  R e c l a n a t i o n  f o r  comuut inv l o c a l  scour be low a  h v d r a u l i c  
s t r u c t u r e  ac ross  t h e  r i v e r  channel  a r e ' b a s e i  on e i t h e r  t h e  reg ime or r a t i d n a l  
approach. Scour computa t ions  shou ld  b e  made b y  s e v e r a l  methods and e n g i -  
n e e r i n g  judgment used t o  s e l e c t  t h e  most  a p p r o p r i a t e .  In tKe reg ime approachi. 
t h e  Lacey o r  B lench  equa t ions  26, 27, 29, and 30, r e s p e c t i v e l y ,  w i t h  Z va lues  
f rom t a b l e  7  a r e  a p p l i c a b l e .  

The most a p p r o p r i a t e  e m p i r i c a l l y  developed r a t i o n a l  methods f o r  scour below a  
s t r u c t u r e  a r e  those  b y  S c h o k l i t s c h  (1932) ,  Veronese (1937) ,  o r  Zirnmerman and 
Maniak ( 1 9 6 7 ) .  Scour computa t ions  b y  S c h o k l i t s c h  a r e  made b y :  

where: 

d s  = Depth  o f  scour be low streambed, f t  (m) 
K = 3.15 inch-pound u n i t s  (I( = 4.70 m e t r i c  u n i t s )  
H = V e r t i c a l  d i s t a n c e  between t h e  water  l e v e l  upstream and downstream 

o f  t h e  s t r u c t u r e ,  f t  (m) 
q = Des ign  d i s c h a r g e  per  u n i t  w i d t h ,  f t 3 / s  per  ft (11131s per m) 

Dg0 = P a r t i c l e  s i z e  f o r  wh ich 90 p e r c e n t  i s  f i n e r  than,  mm 
d, = Downstream mean water  dep th ,  f t  (m) 

, b L  
' 

The Veronese (1937)  e q u a t i o n  f o r  comput ing t h e  scour h o l e  d e p t h  be low a  l o w  
head s t i l l i n g  b a s i n  d e s i g n  i s  as f o l l o w s :  

where: 

d s  = Maximum depth  o f  scour be low streambed, ft (m) 
K = 1 .32  inch-pound u n i t s  (I( = 1.90 m e t r i c  u n i t s )  

HT = The head from upstream r e s e r v o i r  t o  t a i l w a t e r  l e v e l ,  f t  (m) 
q = Des ign  d i s c h a r g e  pe r  u n i t  w id th ,  f t 3 / s  pe r  ft (m3/s per  m) 

4 = Downstream mean water  depth,  f t  (m) 

The Zimmerman and ~ a n i a k  (1967)  e q u a t i o n  f o r  l o c a l  scour  b e l o w  a  s t i l l i n g  
b a s i n  can b e  c a l c u l a t e d  by: 

where: 

dS = Depth o f  scour be low streambed, f t  (m) 
K = 1.95 inch-pound u n i t s  ( K  = 2.89 m e t r i c  u n i t s )  
q  = Des ign d i s c h a r g e  pe r  u n i t  w i d t h ,  f t 3 / s  pe r  f t  (rn3/s per m) 

D85 = P a r t i c l e  s i z e  f o r  wh ich 85 p e r c e n t  i s  f i n e r  than,  mm 
d, = Downstream mean water  depth ,  f t  (m) 





@ shown i n  t a b l e  6 v a r i e s  f rom a  d e s i g n  f l o o d  e s t i m a t e d  on a  f requency b a s i s  
f rom 50 t o  1 0 0  years .  T h i s  p e r t a i n s  t o  an adequate waterway f o r  Dassaae of 
t h e  f l o o d f l o w  peak.  The scour c a l c u l a t i o n s  f o r  these same i t r u c t u r e s  i r e  
always m a d e f o r  a  100-year f l o o d  peak. The use o f  t h e  100-year f l o o d  peak 
- f o r  scour i s  based on v a r i a b i l  i t y  o f  channel  hyd rau l  i c s ,  bed m a t e r i a l ,  and 
g e n e r a l  c o m p l e x i t y  o f  t h e  e r o s i v e  p rocess .  The e x c e p t i o n  i n  t h e  use o f  
t h e  100-year f l o o d  peak f o r  e s t i m a t i n g  scour would be t h e  scour h o l e  immedi- 
ate1 y be low a  l a r g e  dam o r  a  m a j o r  s t r u c t u r e  where l o s s  o f  s t r u c t u r e  c o u l d  
i n v o l v e  l i v e s  o r  r e p r e s e n t  a  c a t a s t r o p h i c  even t .  I n  t h i s  case,  t h e  scour f o r  
use i n  d e s i g n  s h o u l d  be de te rm ined  f o r  a  f l o w  equal  t o  5 0  p e r c e n t  o f  t h e  
s t r u c t u r e  d e s i g n  f l o o d .  

E q u a t i o n  Types A and B (See T a b l e  6 )  

N a t u r a l  r i v e r  channel  scour e s t i m a t e s  a r e  r e q u i r e d  i n  d e s i g n  o f  a  b u r i e d  
p ipe ,  b u r i e d  cana l  s iphon, o r  a  b a n k l i n e  s t r u c t u r e .  For most  s iphon c ross -  
i n g s  o f  a  r i v e r ,  t h e  c o s t  o f  b u r y i n g  a  s iphon  w i l l  d i c t a t e  e i t h e r  t h e  se lec-  
t i o n  o f  a  n a t u r a l  nar row r e a c h  o f  r i v e r  o r  a  r e s t r i c t i o n  i n  w i d t h  c r e a t e d  b y  
c o n s t r u c t i n g  cana l  b a n k l i n e  l e v e e s  a c r o s s  a  p o r t i o n  o f  t h e  f l o o d  p l a i n .  A 
summary o f  a v a i l a b l e  methods f o r  comput ing scour a t  c o n s t r i c t i o n s  i s  g i v e n  b y  
N e i l l  (1973).  The f o u r  methods f o r  e s t i m a t i n g  genera l  scour a t  c o n s t r i c t e d  
waterways d e s c r i b e d  by  N e i l l  (1973)  a r e  c o n s i d e r e d  t h e  p r o p e r  approach f o r  
e s t i m a t i n g  scour f o r  use i n  e i t h e r  d e s i g n  o f  a  s iphon  c r o s s i n g  o r  where 
genera l  scour i s  needed o f  t h e  r i v e r b e d  f o r  a  b a n k l i n e  s t r u c t u r e .  The f o u r  
methods supplemented w i t h  R e c l a m a t i o n ' s  p rocedure  f o r  a p p l i c a t i a n  a re  g i v e n  
be low:  

F i e l d  measurments o f  scour  method. - T h i s  method c o n s i s t s  o f  observ ing  
o r  measur ing t h e  a c t u a l  scoured depths  e i t h e r  a t  t h e  r i v e r  under i n v e s t i -  
g a t i o n  o r  a  s i m i l a r  t y p e  r i v e r .  The measurements a r e  t a k e n  d u r i n g  as h i g h  
a  f l o w  as p o s s i b l e  t o  m i n i m i z e  t h e  i n f l u e n c e  o f  e x t r a p o l  a t i o n .  

A Rec lamat ion unpub l i shed  s t u d y  by A h b o t t  (1963)  analyzed U.S. Geolog ica l  
Survey d i s c h a r g e  measurement n o t e s  f r o m  severa l  st reams i n  t h e  southwestern  
U n i t e d  S ta tes ,  i n c l u d i n g  t h e  G a l i s t e o  Creek a t  Domingo, New Mexico, and 
developed an e m p i r i c a l  c u r v e  e n v e l o p i n g  observed scour a t  t h e  gag ing 
s t a t i o n .  T h i s  envelope c u r v e  f o r  use i n  s i p h o n  d e s i g n  was f u r t h e r  sup- 
p o r t e d  b y  observed scour f rom c r e s t - s t a g e  and scour gages on Gal legos,  
Kutz,  Largo,  Chaco, and Gobernador Canyons i n  no r thwes t  New Mexico 
c o l l e c t e d  d u r i n g  t h e  p e r i o d  f rom 1963 t o  1969. The scour gages c o n s i s t e d  
o f  a  s e r i e s  o f  d e e p l y  anchored b u r i e d  f l e x i b l e  tapes ac ross  t h e  channel  
s e c t i o n  t h a t  were resurveyed a f t e r  a  f l o o d  t o  de te rm ine  t h e  dep th  o f  scour 
a t  a  s p e c i f i c  l o c a t i o n .  The r e s u l t s  o f  t h e s e  measurements a re  shown on 
f i g u r e  8 a long w i t h  t h e  envelope c u r v e  f o r  G a l i s t e o  Creek t h a t  suppor t  
scour e s t i m a t e s  f o r  wide sandbed (D50 v a r y i n g  f rom 0.5 t o  0 .7  mm) ephem- 
e r a l  st reams i n  the  southwestern  U n i t e d  S t a t e s  b y  t h e  equa t ion .  

where: 

ds = Depth o f  scour be low streambed, ft (m) 
I( = 2.45 inch-pound u n i t s  (1.32 m e t r i c  u n i t s )  
q  = U n i t  ~ a t e r ' d i s c h a r ~ e ,  i t 3 / s  per  f t  o f  w i d t h  (m3/s per m 

o f  w i d t h )  
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Figure 8. - Navajo Indian I r r i g a t i o n  Projec t  - scour versus u n i t  d i scharge .  



The use o f  e q u a t i o n  24 except  as a  check  on  o t h e r  methods would be 1 i m i t e d  i :: 
. . 

t o  channe ls  s i m i l a r  t o  those observed on r e l a t i v e l y  s teep  s lopes r a n g i n g  
from 0.004 t o  0.008 f t l f t  ( d m ) .  Because o f  s h a l l o w  depths o f  f l o w  and 
med ium t o  coarse  sand s i z e  bed m a t e r i a l  t h e  b e d l o a d  t r a n s p o r t  should a'l so 
b e  v e r y  h i g h .  

Regime e q u a t i o n s  suppor ted  b y  f i e l d  measurements method. - T h i s  approach 
as suggested b y  N e i l 1  (1973) on recommendations b y  B lench  (1969)  i n v o l v e s  
o b t a i n i n g  f i e l d  measurements i n  an i n c i s e d  r e a c h  o f  r i v e r  f r o m  which t h e  
b a n k f u l l  d i s c h a r g e  and h y d r a l u i c s  can b e  de te rm ined .  From t h e  b a n k f u l l  
h y d r a u l i c s  i n  t h e  i n c i s e d  r e a c h  o f  r i v e r ,  t h e  f l o o d  depths  can be computed 
by :  

where: 

df = Scoured dep th  b e l o w  d e s i g n  f l o o d w a t e r  l e v e l  
d i  = Average d e p t h  a t  b a n k f u l l  d i s c h a r g e  i n  i n c i s e d  reach  
qf = Des ign f l o o d  d i s c h a r g e  pe r  u n i t  w i d t h  
q i  = B a n k f u l l  d i s c h a r g e  i n  i n c i s e d  r e a c h  pe r  u n i ' t  w i d t h  
m  = Exponent v a r y i n g  f rom 0.67 f o r  sand t o  0.85 f o r  coarse g r a v e l  

~ - 

T h i s  method has been expanded f o r  Rec lamat ion u s e  t o  i n c l u d e  the  e m p i r i c a l  . . 
r eg ime  e q u a t i o n  b y  Lacey (1930)  and t h e  method o f  ze ro  bed-sedimetit  
t r a n s p o r t  b y  B lench  (1969) i n  t h e  form o f  t h e  Lacey e q u a t i o n :  

where: 

dm = Mean dep th  a t  d e s i g n  d i scharge ,  f t  (m) 
Q = Des ign d i s c h a r g e , f t 3 / s  (m3/s) 
f = L a c e y l s  s i  l t f a c t o r  equa ls  1.76 (~,)1/2 where equal mean 

g r a i n  s i z e  o f  bed m a t e r i a l  i n  m i l l i m e t e r s  

and t h e  B lench  e q u a t i o n  f o r  " z e r o  bed f a c t o r " :  

where: 

d+, = Depth f o r  zero  bed sediment t r a n s p o r t ,  f t  (m)  
$i = ~ e s i ~ n  f l o o d  d i s c h a r g e  p e r  u n i t  w i d t h , f t 3 / s  per  ft (ro3/s per  m) 

Fbo = B l e n c h ' s  " z e r o  bed f a c t o r "  i n  f t / s 2  (m/s*) from f i g u r e  9  

The maximum n a t u r a l  channel scour depth  f o r  d e s i g n  o f  any s t r u c t u r e  p laced  
I be1 ow t h e  streambed ( i . e , ,  s i  pihon) o r  a1 ong t h e  banlc o f  a channel must 





c o n s i d e r  t h e  p r o b a b l e  c o n c e n t r a t i o n  o f  f l o o d f l o w s  i n  some p o r t i o n  o f  t h e  
n a t u r a l  channel .  Equat ions 25, 26, o r  27 f o r  p r e d i c t i n g  t h i s  maximum depth  
a r e  t o  be ad jus ted  by  t h e  e m p i r i c a l  mu1 t i p l y i n g  f a c t o r s ,  2 ,  shown f o r  
fo rmu la  Types A and B  ( t a b l e  6 ) ,  i n  t a b l e  7. An i l l u s t r a t i o n  o f  maximum 
scour d e p t h  a s s o c i a t e d  w i t h  a  f l o o d  d i s c h a r g e  i s  shown i n  a  sketch o f  a 
n a t u r a l  channel ,  f i g u r e  10. As shown i n  t a b l e  7  and on f i g u r e  10, t h e  d S  
equal s  d e p t h  o f  scour be1 ow streambed. 

Tab le  7. - M u l t i p l y i n g  f a c t o r s ,  Z, f o r  use 
i n  scour depths  b y  reg ime e q u a t i o n s  

C o n d i t i o n  

I 

E q u a t i o n  Types A and B  

E q u a t i o n  Types C and D I 

S t r a i g h t  r e a c h  
Moderate bend 
Severe bend 
R i g h t  a n g l e  bends 
V e r t i c a l  r o c k  bank o r  w a l l  

Nose o f  p i e r s  
Nose o f  g u i d e  banks 
Smal l  dam o r  c o n t r o l  

ac ross  r i v e r  

0.5 
0.6 
0.7 

11 Z v a l u e  s e l e c t e d  b y  USBR f o r  use on bends i n  r i v e r .  - 

NOTE: dfo , df >dm. Point C is low point  o f  noturo l  secfion. 

F i g u r e  10. - Ske tch ,o f  n a t u r a l  channel scour  b y  r e g i m e  method. 
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Al though  n o t  shorn on f i g . u r e  10, t h e  d f  f rom N e i l l ' s  equa-Lion 25 i s  
u s u a l l y  l e s s  t h a n  t h e  dfo f rom B l e n c h ' s  e q u a t i o n  27 bu t  g r e a t e r  t h a n  t h e  
dm f rom L a c e y ' s  e q u a t i o n  26. 

The d e s i g n  o f  a  s t r u c t u r e  under a  r i v e r  channel  such as a  s iphon i s  based 
on a p p l y i n g  t h e  scoured depth,  ds, as o b t a i n e d  f rom t a b l e  7 t o  t h e  l o w  
p o i n t  i n  a  surveyed sect ion, .  as shown b y  p o i n t  C on  f i g u r e  10. T h i s  
c r i t e r i a  i s  c o n s i d e r e d  b y  Rec lamat ion as an adequate s a f e t y  f a c t o r  f o r  use 
i n  des ign .  I n  an a1 l u v i a l  streambed, d e s i g n s  shou ld  a1 so b e  based on 
scour o c c u r i n g  a t  any l o c a t i o n  i n  o r d e r  t o  p r o v i d e  f o r  channel  s h i f t i n g  
w i t h  t i m e .  

Mean v e l o c i t y  f r o m  f i e l d  measurements method. - T h i s  approach r e p r e s e n t s  
an ad jus tmen t  i n  surveyed channel geometry based on an e x t r a p o l a t e d  des ign  
f l o w  v e l o c i t y .  In R e c l a m a t i o n ' s  a p p l i c a t i o n  o f  t h i s  method, a  s e r i e s  o f  a t  
l e a s t  f o u r  c r o s s  s e c t i o n s  a r e  surveyed and backwater computa t ions  made 
f o r  t h e  d e s i g n  d i s c h a r g e  b y  use o f  Rec lamat ion ' s  Water Sur face  P r o f i l e  
Computer Program. I n  a d d i t i o n  t o  t h e  surveyed c r o s s  s e c t i o n s  observed,  
wa te r  s u r f a c e  e l e v a t i o n s  a t  a  known o r  measured d i s c h a r g e  a r e  needed t o  
p r o v i d e  a  check o n  Manning 's  !nit channel  roughness c o e f f i c i e n t .  T h i s  
procedure a1 lows f o r  any proposed waterway r e s t r i c t i o n s  t o  be .analyzed f o r  
channel h y d r a u l i c  c h a r a c t e r i s t i c s  i n c l u d i n g  mean v e l o c i t y  a t  t h e  d e s i g n  
d i scharge .  The usua l  Rec lamat ion a p p l i c a t i o n  o f  t h i s  method i s  t o  d e t e r -  
mine t h e  mean channel  dep th ,  dm, f r o m  t h e  computer o u t p u t  d a t a  and a p p l y  
t h e  Z v a l u e s  d e f i n e d  b y  Lacey i n  t a b l e  7 t o  compute a  scour depth, dS, @ by e q u a t i o n  29 where d s  = I dm. i 

i 
Examples o f  more u n i q u e  s o l u t i o n s  t o  scour prob lems were Rec lamat ion .  I ;  

' l i 
s t u d i e s  o n  t h e  Colorado R i v e r  near  Parker ,  A r i zona ,  and S a l t  R ive r  near  / j 
G ran i te  Reef D i v e r s i o n  Dam, Ar izona,  where an ad jus tment  i n  "n"  based on .'I! 
p a r t i c l e  s i z e  a long w i t h  a  Z v a l u e  f rom t a b l e  7 p r o v i d e d  a  method o f  \ I  

comput ing bed scour .  The s e l e c t i o n  o f  a  p a r t i c l e  s i z e  "n" assoc ia ted  ':ii 
w i t h  scour  i n  t h e  above two examples was computed ' f rom t h e  S t r i c l t l e r  :;ii ,j: 

(1923) e q u a t i o n  f o r  roughness o f  a  channel  based on d iamete r  o f  p a r t i c l e s  j D 
where: I / 

'! I :, 

:C 
(31 ) =w 

. . 
C & 26 f r o m  N iku radse  (1933)  and "n "  = 1/1(.  he a p p r o p r i a t e  "n" va lues  
f o r  t h e  two r i v e r s  based on p a r t i c l e  s i z e  and e n g i n e e r i n g  judgment were 
se lec ted  as f o l l o w s :  

R i v e r  D (mm) P a r t i c l e  s i z e  "n "  S e l e c t e d  "n" 

Col o r  ado 0.2' 0. 01 0.01 4 
S a l t  18 0.02 0.02 

I n  t h e  Colorado R i v e r  study,  t h e  e x i s t i n g  channel  '71:' va lue  o f  0.022 
was a d j u s t e d  down t o  0;014 due t o  b e d m a t e r i a l  p a r t i c l e  s i z e  t o  g i v e  a  
computed water  s u r f a c e  a t  d e s i g n  d i s c h a r g e  r e p r e s e n t a t i v e  o f  a  scoured 
channel .  W i th  a  I v a l u e  o f  0.5, t h e  scoured s e c t i o n  i n  t h e  fo rm o f  a  
t r i a n g l u l  a r  s e c t i o n  combined w i t h  t h e  accepted "nu  o f  0 .022  p r o v i d e d  a  
c l o s e  check o n  t h e  wa te r  s u r f a c e  computed w i t h o u t  scour, An i l l u s t r a t i o n  
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o f  t h i s  t e c h n i q u e  i s  shorn i n  s ~ e t c h o n  f i g u r e  l l a .  Another example i s  
shown on  f i a u r e  l l b  f o r  a S a l t  R i v e r  scour s t u d v  where t h e  a article s i z e  
"n" o f  0 . 0 2 - ~ a v e  a reduced mean depth .  Scour w is  assumed t b  be i n  t h e  
shape o f  a t r i a n g l e  where the average d e p t h  o f  scour  would  be equal the 
d e p t h  a t  an " n u  equal t o  0.02 s u b t r a c t e d  f rom dep th  a t  an " n "  equal t o  
0.03. (See example problem i n  subsequent paragraph, )  

Competent o r  l i m i t i n g  v e l o c i t y  c o n t r o l  t o  scour  method. - T h i s  method 
assumes t h a t  scour w i l l  occur i n  t h e  channel  c r o s s  s e c t i o n  u n t i l  t h e  mean 
v e l o c i t y  i s  reduced t o  t h a t  where l i t t l e  o r  no m o v m e n t  o f  bed m a t e r i a l  i s  
t a k i n g  p l a c e .  It g i v e s  t h e  maximum l i m i t  t o  scour  e x i s t i n g  i n  o n l y  t h e  
deeo scour h o l e  o o r t i o n  o f  t h e  channel  c r o s s  s e c t i o n  and i s  s i m i l a r  t o  t h e  

competent v e i o c i t i e s  f o r  e r o s i o n  o f  c o h e s i v e  m a t e r i a l s  recommended by N e i l l  
(1973)  a r e  g i v e n  i n  t a b l e  8. The scour dep th  o r  i n c r e a s e  i n  area o f  scoured 
channel s e c t i o n  w i t h  co r respond ing  i n c r e a s e  i n  d e p t h  f o r  competent v e l  o c i t y ,  
Vc, i s  de te rm ined  by  r e l a t i o n s h i p  o f  mean v e l o c i t y ,  Vm, t o  Vc i n  the  
e q u a t i o n :  

ds = Scour dep th  b e l o w  strdambed, f t  (m) 
&, = Mean depth ,  f t (m) 

T a b l e  8. - T e n t a t i v e  g u i d e  t o  competent v e l o c i t i e s  f o r  e r a s i o n  o f  
cohes ive  m a t e r i a l s *  ( a f t e r  N e i l l  , 197.3) 

* Notes:  (1) T h i s  t a b l e  i s  t o  b e  regarded as a r o u g h  g u i d e  on ly ,  i n  
the  absence o f  d a t a  based on l o c a l  exper ience.  Account must b e  taken  
o f  t h e  expected c o n d i t i o n  o f  t h e  m a t e r i a l  a f t e r  exposure  t o  weather- 
i n g  and s a t u r a t i o n .  ( 2 )  I t  i s  n o t  cons ide red  a d v i s a b l e  t o  r e l a t e  t h e  
suggested low, average, and h i g h  v a l u e s  t o  s o i l  shear s i r s n g t h  o r  
o t h e r  c o n v e n t i o n a l  i n d i c e s ,  because o f  t h e  p r ~ d c m i n a t i n g  e f f e c t s  o f  
weather ing and s a t u r a t i o n  on t h e  e r o d i b i l i t y  o f  many c o h e s i v e  s o i l s .  

Depth o f  f l o w  
ft m 

5 1 .5  
1 0  3 
2 0 6 
50 1 5  

Competent mean v e l o c i t y  
H i g h  v a l u e s  - 

r e s i s t a n t  
mater  i a1 

Low va lues  - 
e a s i l y  e r o d i b l e  

m a t e r i  a1 
Average v a l u e s  

f t / s  

5.9 
6.6 
7.4 
8.6 

f t / s  

1.9 
2.1 
2.3 
2.7 

f t / s  

3 - 4  
3.9 
4.3 
5.0 

m/s 

1 .8  
2 .0  
2 .3  
2.6 

rn/ s 

0.6 
0.65 
0 .7  
0 .8  

in/s 

1.0 
1 . 2  
1.3 
1,5 



Water surface for 'il" =0.022 w/o scour 
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Wafer surface for n =0.014 W/O scour 
'h"= 0.022 w/ scour 7" 

a. Colorado River Sfudy 

Water surfoce for "nu = 0.03 W/O scbur 

/ / Woter suriace for h" =OOZ w,rcour / 
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b. SaIP River Studv .I; 
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The use of f igure  12 and t ab l e  8 recommended by Neil1 (1973) has had 3 ;  % .' 

limited application in Reclamation, b u t  appears t o  be a potential useful . , i ! 

technique for  many Reclamation s tudies  o n  scour and arrnoring of the i 

channel. '1 I 
! 

Equation Type C (See Table 6 )  
: 

The principal references for  design o f  midchannel s t r u c t u r e s f o r  scour 
such as a t  bridge piers  are National Cooperative Highway Re'search Program 
Synthesis 5 (1970), C. R.  Neil 1 (1973),  Federal Highway Administration, 

! 
! 

Training and Design Manual ( 1 9 7 5 ) ,  Federal Highway Administration (1980), and i 
S. C. Jain (1981). The numerous empirical relat ionships for  computing scour 3 
at bridge p ie rs  include one or more of the  followin'g hydraulic parameters: .I 
p ier  width and skewness, flow depth, .veloci ty ,  and size of sediment. The 1 
many re la t ions  available were fur ther  brolten down by Jain (1981) to two 1 

1 
di f fe ren t  approaches: (1) regime, and ( 2 )  r a t iona l .  j 

The Federal Highway Administration has funded numerous research.  projects to 
ass is t  in improving the i r  designs of bridge p ie rs .  .This research has n o t  - :  I i 

resulted in any one recommended procedure. Reclamation's need for scour 
estimates a t  midchannel s t ructures  i s  l imited.  The procedures adopted are to 
t r y  a t  l e a s t  two techniques and apply engineering judgment in selecting an : average or  most r e l i ab l e  method. The regime approach i s  t o  use e i ther  ! 

equations 26, 27, 28, or  30 and a Z value from tab le  7. An appropriate Z 
value to use for piers i s  1 .0  as found for the railway bridge piers applied @ t o  the lacey equation 29 reported by Central Board, of I r r igat ion and Power 
(1971). 

The rational equation selected fo r  scour at p iers  i s  described by Jain (1981) 
in the Form: 

d~ d 0 .3  - = 1.84 [s) ( F ~ )  0.25 b (33) 

where: 

d, = Depth of scour below streambed, f t  ( m )  
b = Pier s i ze ,  f t  ( m )  
d = Flow depth, f t  ( m )  

Fc = Vc/@ = Threshold Froude number 
Vc = Threshold velocity,  f t / s  (m/s) from f i  ure I2 3 g = Acceleration due to gravi ty ,  32.2 f t / s  (9.81 m/s2) 

Equation Type D (See Table 6 )  
Immediately downstream ?ram any hydraulic s t ruc ture  the riverbed i s  subject 
t o  the erosive action created by the  s t ructure .  Some type o f  s t i l l i n g  basin 
or energy diss ipator  as described by Reclmation (1977) i s  provided in the 
design o f  such s t ructures  t o  d i ss ipa te  the energy thereby reducing the 
erosion po ten t ia l .  There s t i l l  remains a t  most s t ruc tures ,  below the point 
where the s t ructure  ends and the natural riverbed material begins, a poten- 
t i a l  for scour. Tne magnitude of t h i s  scour Role will depend on a combina- 
tion of flow velocity, turbulence, and vor t ices  generated by the  structure.  
Simons and Senturk (1971) describe many of the available equations. .. 
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BED-MATERIAL GRAIN SIZE ( m m l  

BED-MATERIAL GRAIN SIZE ( f t  ) 

F i g u r e  12. - Suggested competent mean v e l o c i t i e s  f o r  s i g n i f i c a n t  bed movement 
o f  cohes ion less  m a t e r i a l s ,  i n  terms o f  g r a i n  s i z e  and dep th  o f  f l o w  ( a f t e r  
N e i l  1, 1973). 
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Drainage Design Manual for Maricopa County, Volume 11. Hydraulics 

Numbers on Curves are values of WD I 

Values of H/D a i q  

Figure 7.17 
Curves for Scour Depth at Vertical Drop 

(Stevens, 1981) 
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Figure 7.16 
Vertical Riprap Basin Drop 

(Stevens, 1981) 
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.?liminary Estimate of EMF Freeboard Analysis 
based on Rittenhouse and Chandler Heights Basins Discharges (May 2003) 
I 1 I 1 Minimum I Water 1 I I Max I Ava~lable I NRCS I Freeboard 1 Excess I 
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a l i m i n a r y  Estimate of EMF Freeboard Analysis 
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Rittenhouse Basin Summary 
Project Control No. 121-03-32 

Logan Simpson Design 
12/03 

Rittenhouse Basin will be connected to a future Town of Gilbert water line that will be 
located in the future Pecos Road near the Power Road intersection (essentially where 
Rittenhouse Road now intersects with Power Road). The contractor will be responsible 
for tapping the water line, installing corporation stop, curb stop, valve box and service 
line according to the Special Provisions and as detailed. The contractor will install 
approximately 1650' of supply line, 3" Schedule 40 to reach the site The contractor will 
then install a 2" reduced pressure assembly master valve and flow sensor as detailed 
connecting to a 2-112" schedule 40 PVC mainline that will loop the entire basin. 

The power for the controller will be taken from an existing power pole in the Pecos Road 
alignment just west of Power Road and near the basin. The contractor will be responsible 
for running conduit from the existing pole through the new SES cabinet to the new 
irrigation controller and installing conductor from the SES cabinet to the controller as 
detailed. Salt River Project will, after acceptance of the contractors installed equipment, 
hang a 120V transformer on the existing riser pole, pull conductors from the SES cabinet 
to the new transformer and make the fmal electrical connection. 

The Controller will be divided into seven programs running at the most three remote 
control valves at one time. There are three tree programs and four shrub programs. The 
tree programs will run at a maximum of 4 hours each and the shrubs at 1 hour each for a 
total of 16-hour water window. The trees in the middle of summer would operate every 
fifth day and the shrubs every third. 

The highest flow for anyone of the programs will be 20.3 gallons per minute (GPM) see 
attached pressure loss summary 

Gate valves will be installed at approximately 2500' intervals and at major tees in the 
mainline to be able to isolate specific areas in the system. 



Pressure Loss Calculations for Rittenhouse Basin 
By Logans Simpson Design 

Y 
PRESSURE LOSS SUMMARY 

Project No. ,005333 Name Rittenhouse Basin 
Project Control No. 121-03-32 

POC No. 1.0 

Program No. 7.00 

Flow 20.30 GPM 

Static Pressure @ main 

Pressure Losses Calculations: 

Per conversation with Albert Bringas 70.00 PSI 
City of Gilbert on 12/8/03 

Service Line Size 2" Type copper Length 50.00 -0.25 PSI 

Meter Size 2" -0.49 PSI 

Backflow Preventer Size 2" PVB RPA X -12.00 PSI 

Supply Line Size 3" Sch 40 Dist 1650 -0.81 PSI 

Mainline Loop Size 2.5" Sch 40 X Dist 5612' -8.10 PSI 
(Dist. Equals 112 of looped main) 

Control Valve Model No. RB PESB Size 1" -1.80 PSI 

-1.60 PSI 

Subtotal of losses -25.05 

Fittings and Misc. Subtotal -25.05 x 10% 

Total Loss 

Required pressure @ regulator for operations 25.00 PSI 

Required Pressure to overcome losses, operate system -52.56 PSI 

Net excess/(deficient) pressure available 

Conclusion: there appears to be adequate system pressure to operate system 

-2.51 PSI 

-27.56 PSI 

17.45 PSI 



@ PHONE CONVERSATION 
Doug Matthewsnogan Simpson Design 

Date: 11 -8-03 

Time: 1:00 PM 

With: Arnold Bringas Utility Field Supervisor 

Project: EMF 

Project #: 015251 

Phone: 480 503-6417 

Message: I confmed the pressure at both Rittenhouse and Chandler Heights Basins they are as follows: 

2 0  PSI 

1 Action: 
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From: 
To: 

Rick Allred <ricka@ci.gilbert.az.us> 
'David Violette' <dviolette@kirkham.com> 

Date: Wed, Nov 19,2003 1022 AM 
Subject: RE: Addresses for EMF basins 

Dave, 
I have your addresses: 
The 2" water meter at Pecos and Power 7048 south Power Rd. 
The electric meter at Higley and Ocotillo 3204 Esat Ocotillo Rd. 
The 2" water meter at Higley and Queen Creek 4810 south Higley Rd. 
The electric meter on Higley south of Queen Creek4840 south Higley rd. 

-Original Message-- 
From: David Violette [mailto:dviolette@kirkharn.corn] 
sent: Thursday, November 13,2003 10:52 AM 
To: ricka@ci.gilbert.az.us 
Cc: djr@mail.maricopa.gov 
Subject: Addresses for EMF basins 

Rather than fax the material to you I have assembled the attached PDF 
that includes the request letter and the three dwgs which show the 
required address locations. Pls let me know if you have questions. 

Dave 

- - - - - - -  
David A. Violette, PE 
Kirkham Michael Consulting Engineerr 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 
dviolette@kirkham.com 



From: Rick Allred <ricka@ci.gilbert.az.us> 
To: 'David Vioiette' <dviolette@kirkham.com> 
Date: Wed, Nov 19,2003 10:45 AM 
Subject: RE: Addresses for EMF basins 

6848 South Power Rd 

-Original Message--- 
From: David Violette [mailto:dviolette@kirkharn.com] 
Sent: Wednesday, November 19,2003 10:25 AM 
To: ricka@ci.gilbert.az.us 
Subject: RE: Addresses for EMF basins 

Thanks, Rick. 

What address for the electric meter for Rittenhouse near the NWC of 
Power Rd and Pecos Rd (align)? 

Dave 

- - - - - - - 
David A. Violette, PE 
Kirkham Michael Consulting Engineers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 

I >>> Rick Allred <ricka@ci.gilbert.az.us> 11/19/03 10:20:04 AM >>> 
Dave. 
I have your addresses: 
The 2" water meter at Pews and Power 7048 south Power Rd. 
The electric meter at Higley and Ocotillo 3204 Esat Ocot~llo Rd. 
The 2" water meter at Higley and Queen Creek 4810 south Higley Rd. 
The electric meter on Higley south of Queen Creek 4840 south Higley 

. . 
-Original Message-- 
From: David Violette [mailto:dviolette@kirkhBm.com] 
S&nt Thursday, November 13,2003 1052 AM 
To: ricka@ci.giibertaz.us . 
Cc: djr@mail.maricopa.gov . , 

Subject: Addresses for EMF basins 

. . 

Rather, than fax the material to you I have assembled the attached PDF 
that includes the request.letter and the three dwgs which show the 
required address locations. Pls let me know if you have questions. 

Dave 

- - - - - - - 
David A. Violette, PE 
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-.will rely on these notes to repl'tisent the int&ri)l'eulti'an of the iteids disirssed and the resoiutioas thereof duridg 
the meeting unless written notice to the contrary is received by the author dithin seven calendar days of t!e issuance 
of these notes. 

I 
I 

PROJECT: EMF - Rittenhouse and Cbandler Heights Basins MEETING DATE: 9/24/03 

MEETING LOCATION: SRP East Valley offices ENGINER: Dave Violette 

1 SUBJECT: hiiation electric services KMPROJECTNO.: 01 12925 

PRESENT: FCDMC:  rant Ingram; SRP: Craig ~ a c l e r ;  K h : ' ~ a v e  Violette 

DISCUSSION: 
For both basins: 

Service size: 100-amp service 
Service conduit, ineter setting, and ancillary items constructed by: Contractor . , 

Meter installed by: SRP , 
Contact: SRP (602) 236-8833 
~ k e  to be paid by: contractor as an incidenkl cost to-the bid items for thiinst'allation of the irrigation system. 

@ , F?r chqndler  eights  asi in: 
Controller A: , , 

. ' Address:, (Dave will setid request tosRick Allred with drawig showing location of ~o&ection, A d  Rick will 
get us an address) 

Connection location: Pole PROIOlvon the south side of Queen Creek Road west of Higley Road . . .. 
Meter and transformer location: In easement on FCDMC property and just north of ~ u e e n  Creek channel 
At the time bf prep~ation of these Special provisions the estimated-service, connection fee is: $4;800 , 

Notes: The electric. service conduit can be in the same easement & the water, but not the same trench. SRP 
asks for at least 2' separation,.MAG says 7'. SRP can take a second position on an easement if needed. 
This service would use a pole riser to connect between pole and underground; rununderground to the ' , . 

termination point that is still in the easement and where the pad-mounted transformer and post-mounted ; : 

,meter would be set; then the service line would be 1% underground to the controller l'ocation further in. 
. . 

. . 
~ o n & ~ e r  B: , . I 

! . .  Address: (Dave will send request to ~ i c k  ~ l l r e d  i~ifh drawing showing location of connection, i d  ~ i e k  will 
get us an address) . . 

Connection location: A switch south of ~cot i l lo  Road alignment andlon east side of Higley Road 
Meter and triil~sf&r location: In FCDMC property and just south of Ocotilloalignment and & i t  of Queen 

Creekchanne'l 
At the time of preparation of these Special provisions the estimated service connection fee is: $4,800" . ~ 

Notes: While SRP would prefer to have theirwservice run in an easement, ,h this case the District .does hot own 
the land adjacent to Higley nor on either side of Ocotillo alignment between Higley and the Queen ~ r g e k  
channel. The electric service conduit wouldrun in Higley ROW as needed, then in Ocotillo a l i k e n t  to 

9201 North 25fi A v ~  + ~ui t e i50  Phoenix, AZ 85021 (602) 944-6564 + (602) 9446592 



the poi@ inside the project boundary.. The pad-mounted, transformer ,&d post-mounted. meter would Be - .  

instailed at that pPiiit, aiid the s&wice 1hiC Nn to the ~uon&oflet. 

For Rittenhouse Basin: 
Address: (Dave will send request to Rick Allred with drawing showing location of connection, and Rick will 

get us an address) 
Connection location: The f is t  pole on the north side of Pecos Road alignment and west of Power Road 
Meter and transformer location: North side of Pecos Road alignment and,in the Rittenhouseba~hpro~erty 
At the time of preparation of these Special provisions the estimated sepice connection fee is: $2,100 
Notes: The transformer would be polemounted and the meter would be post-mounted. 

. . 

Authored By: Dave Violette ' Issue Date: 9/24/03 

@ 
Dktribution To: All Attendees, File, Don Rerick, Bany Ling, Doug Matthews 



, . ncl;EeTma DOCWMENTATION 
KblA Will rely on these hstes to repf6$~iif'fke idtt4rpfetiiti.oJi 0f the ititils dsturi'sed and t.he re9olutionS thefebf duiiog 
the meeting unless written notice to the codtiary is received by the author within seven calendar days of the issuadce 
of thee notes. 

PROJECT EMF - Rittenhouse and Chandler Heights Basins MEETING DATE: 9/23/03 

MEETliW LOCATION: Town of Gilbert ofiices ENGINEER: Dave Violette 

SUBJECT: 1 Irrigation water services KM PROJECT NO.: 01 12925 

PRESENT: FCDMC: Grant Ingram; Town of Gilbert: Rick Allred; Logan Simpson Design: Doug Matthews; 
KM: Dave Violette 

DISCUSSION: 
For both basins: . . 

, - 
Meter size:- 2" landscape meter 
Main tap constructed by: Contractor 
Service line, meter box, and ancillaty.items constructed by: contractor 
Meter installed by: Town of Gilbert Water Department 
Contact: Commqity Development Counter Staff . . .  , . 
Permit to Request: Engineering Water Tap Permit , , 
At thi time of preparation of these Special prov~sions the service knnktion fee is: $17,922.46 
Fee to be paidby: Contractor as ah incidental cost to the bid items for the installation of the &rigation system. 

, , 
. . 

For ChandlerHeighb Basin: , .  . 
Address:'@a"e will send rebest to Rick Allred with drawing showing locationof tap, and Rick will get us an 

. . 
address) I .  

Tap location:, 16" domestic water main on the north side of dueen Creek Road west of Higley Road ' 
. Meter location: South side of Queen Creek Road and O~FCDIWC property . ' 

, . 
' For Rittehouse Basin: . . 

Address: 6630 S Power Road (Doug will verify that this is the address  give^ to him for this location)' 
Tap location: Future 16" domestic water main on the north side of Pecos Road west'of power Road 

, Meter location: North side of Pecos Road'and in the Rittenhouse Road right-of-way 

. . 
. ' Authored By: Dave Violette Issue Date: , 9/23/03 

@ D o  To: All Attendas, hie, Don Rerick, Bamy Ling 

K:\OL\O112925 - EMF DSN\DOCUMENTSWETJNG M3NWESblTG GILBERT WATER 030923.DOC 

9201 North 25h Ave Suite 150 Phoenix, AZ 85021 (602) 944-6564 FAX (602) 944-6592 



STRUCTURAL CALCULATIONS 

EAST MARICOPA FLOODWAY 
RITTENHOUSE PEAK 

SHAVING BASIN 

MARICOPA COUNTY, AZ 

FLOOD 
PREPARED FOR: 

CONTROL DISTRICT OF MARICOPA COUNTY 
I 2801 West Duraneo Street 

KlRKHAM MICHAEL K M J O ~  #: 01 12 925 

Consulting Engineers Cover + 10 Pages 

9 m  North 25e Avenue Suite 150 Phoenix, AZ 85021 602-9446561 FAX 602-9446592 



KIRKHAM 
MICHAEL 

~ .......... ~ . 

CONSULTING ENGINEERS 

Omaha + Des Moines +Denver 
Phoenix +Ellsworth & Louisburg, KS 

JOB #: 01 12 925 PROJECT: Ritteuhouse Basin SHEET: 1 of 10 
DATE: 03/03/02 DESIGNED: BWS CHECKED: JPB 

Table of Contents 

Description : Page # : 

Design Criteria 2 

Trash Rack Design 

Maintenance Road Slab Design 

9201 North 25th Avenue Suite 195 +Phoenix, AZ 85021 + (602) 944-6564 +FAX (602) 944-6592 



KIRKHAM 
MICHAEL 

~ . .. . .............. . . 

CONSULTING ENGINEERS 

JOB% 01 11 925 PROJECT: Rittenhouse Basin SHEET: 2 OF 10 
DATE: 05/03 DESIGNED: BWS CHECKED: JPB 

DESIGN CRITERIA 

DESIGN CODE: AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 
DIVISION I, 17TH EDITION, 2002 

LOADS: 
LOADS WERE DETERMINED AND APPLIED IN ACCORDANCE TO THE AASHTO STANDARD 
SPECIFICATIONS FOR HIGHWAY BRIDGES, DIVISION I, EDITION, 2002, ARIZONA 
DEPARTMENT OF TRANSPORTATION AND MARICOPA ASSOCIATION OF GOVERNMENTS 

STEEL: 

STRUCTURAL BARS AND PLATES ASTM A572; GRADE 50 

STRUCTURAL CHANNELS ASTM A36 

CONCRETE: 

CONCRETE 28-DAY STRENGTH: P, = 3,000 psi 

REINFORCING STEEL: f, = 60,000 psi 

BOX CULVERT, APRONS AND WING WALLS WERE DESIGNED AND DETAILED PER ADOT 
SPECIFICATIONS. MODIFICATIONS TO THE BOX CULVERT EITHER MET OR EXCEEDED THE ADOT 
STANDARD. THEREFORE, THE DESIGN IS O.K. BY INSPECTION. 

9201 North 25th Avenue + Suite 195 + Phoenix, AZ &5021+ (602) 944-6564 + FAX (602) 997-5980 



KIRKHAM Jobnumber: 0 1  I Z  925 
MICHAEL 

CONSULTING ENGINEERS slolNorth25thAumue. Suite195 Phoenix,AZ 85021 Sheet Of 10 

project: ! z ~ ~ 7 ~  KOU= %I‘ S C A U , ~ ~  ?~AS,AI  Date: (2 -12-02 

Subject: TRASH Rnrr Designed: &Ls Checked: 
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ShapeBuilder 2.0 
John Brestin 
K~rkham Michael & Assoc 
Thu. December 12, 2002 

5,t€ET 4 D F  10 

Overall Properties 

Name: Shape1 
Area: 1.500 inA2 
CG: (-4.913,1.957) 
Ix: 1.125 inA4 
ly: 0.031 inA4 
Ixy: 0 inA4 
Ipolar: 1 .I56 inA4 
Sx: 0.750 inA3 

Sy: 0.125 inA3 
rx: 0.866 in 
rv: 0.144 in 
6: 0.878 in 
Zx: 1.125 inA3 
Zy: 0.188 lnA3 
J: 0.112 inA4 



1 BearnPrd- version (5.8 - 32 bit) 

I UT FILE NAME ====> Q ---- ----> 

COMMENTS ---- ----> 



BeamPro - version (5.8 - 32 bit) 

'T' 
v= 205.4 

'T' 
v= 205.4 

T FILE NAME ====> 8 ---- ----> 

COMMENTS ---- ----> 



RM KIRKHAM Job number: 01 12 92.5 

MICHAEL 
CONSULTING b ENGINEERS sheet Of lo 

Project: RITTENHOU~E YEAIL SHAYINL %S,J Date: /Z-  12-02. 

S u b j e c t : k  Designed: PUS Checked: 2z&!!L 
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KIRKHAM 
MICHAEL 

CONSULTING ENGINEERS 9ZOlNolth2SthAvenue r Surtel95 + Phaenu,AZ85021 

Job number: 6 1  IL YzS 

Sheet of l o  

Project: R I T - ~ E N U L U ~  FG~G S H A V ~ ~ G  R ~ S I A  Date: 

Subject: 7 ~ 5 %  RACK Designed:%6 Checked: L 
Cliccr 3 x L  For o'w bATfZ: 
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Daro Butt Hinges Page 2 of 2 
S # e 7  9 O F I J  

3/16" 5 x 5 5203 17 527317 5223 17 
3/16" 6 x 4  520318 5273 18 5223 18 
3/16" 6 x 6  520320 527320 522320 
114" 3 x 3  520400 527400 522400 
114" 4 x 4  520402 527402 522402 
114" 4.5 x 4.5 520409 527409 522409 
114" 5 x 5  -520417 527417 522417 
114" 6 x 4  520418 52741 8 522418 
114" 6 x 6 520420 527420 522420 
Call for pricing & availability. All dimensions in Inches. 
Return To TQQ 

A 

Not Available 
Not Available 
Not Available 
525400 
525402 
525409 
525417 
525418 
525420 

m/ I I 

I ' 
L C 4  

Popular High Load Butt Hinges 
Thickness Size Capacity 620 Series 627 Series 622 Series 625 Series 
A B X C  
511 6" 4 x 4  500# 620344 627344 622344 625344 
318" 5 x 5 800# 6205 10 627510 622510 625510 
318" 6 x 4  950# 620512 627512 6225 12 625512 
318" 6 x 6 950# 620513 627513 622513 625513 
112" 5 x 5 1,000# 620610 6276 10 622610 625610 
112" 6 x 4  1,200# 620612 627612 622612 625612 
112" 6 x 6 1,200# 620613 627613 622613 625613 
112" 8 x 6  1,500# 620616 62761 6 622616 625616 
314" 8 x 6  2,000# 620816 627816 622816 625816 
Call for pncing & availabzlity All dimenszons in inches. 

Return To TOP 

Daro Industries, Incorporated. 
Copyright O 1998 Daro Industries, Incorporated. All rights reserved. 
Information in this document is subject to change without notice. 
Other products and companies referred to herein are trademarks or registered trademarks of the respective 
companies or mark holders. 

Last Update on 7131102 



CONSULTING ENGINEERS 

Designed Checked 



Permits 
The following permits must be obtained by the Contractor for this project. 

Rittenhouse Basin 
A permit will be needed from the Union Pacific Rail Road to cross under their tracks that 
parallel Rittenhouse Road for the irrigation water service. 

A permit will be needed from the Town of Gilbert to construct the irrigation water 
service in the new Pecos Road near Rittenhouse Road. 

Permits will be needed to cross under utility easements that parallel Rittenhouse Road to 
construct the irrigation water service. 

A permit will be needed to cross under the Kinder-Morgan he1 pipeline in Pecos Road 
alignment to construct the irrigation water service. 

A noise permit will be needed from the Building and Code Compliance Department of 
the Town of Gilbert. 

An Arizona Pollutant Discharge Elimination System (AZPDES) permit will be needed 
from the Arizona Department of Environmental Quality.'This is the stormwater pollution 
prevention plan (SWPPP) program. 

An Earthmoving (Dust Control) Permit will be required, issued by Maricopa County 
Environmental Services Department. 



Right of Way - 
The following rights-of-way must be obtained for this project. 

Rittenhouse Basin 
No rights-of-way or temporary construction easements needed for the basin. 

An easement will be needed for the imgation water service line should the District sell 
the parcel south of Pecos alignment. 

An easement will be needed across the Union Pacific Rail Road right-of-way to construct 
the irrigation water sewice line. 



Final Design Model for design of the Chandler Heights Basin and associated structures 
(CHBD.PRJ). 

An unsteady state HEC-RAS model (CHBD.PRJ), was used to size the proposed 
Chandler Heights Basin and associated structures. The model contains a number of 
hydraulic structures including a lateral weir, an emergency spillway and a basin outlet 
structure with flap gates. The analysis develops a hydrograph for the EMF that meets the 
peak discharge design criteria of 6660 cfs downstream of the basin. 

The analysis uses input boundary hydrographs for the EMF flow at Queen Creek Road 
(XS 13.084), the flow in Queen Creek at the confluence of Queen Creek and Sanokai 
Wash (XS 5535) and the confluence of the EMF with Queen Creek (XS 11.609). 

Due to model instabilities, it was necessary to use a lateral inflow hydrograph at EMF XS 
11.609 instead of a junction. This inflow hydrograph is created by performing an initial 
run of the model, obtaining the resultant hydrograph at the downstream end of Queen 
Creek and inputting the hydrograph as a lateral inflow hydrograph at EMF XS 11.609. 



NOTES: 
CROSS SECTION LOCATIONS ARE FROM THE 
STEADY STATE MOOEL (QCSW.PRJ). 

CROSS SECTION LOCATIONS I N  THE UN- 
STEADY STATE MOOEL (CHBD.PRJ) ARE 
EQUIVALENT TO THOSE I N  THE STEADY STATE 
MODEL. 

SOME CROSS-SECTIONS HAVE BEEN ADDED 
OR ELIMINATED DUE TO MODEL STABILITY ISSUES 
I N  THE UNSTEADY STATE MODEL OR REFINED ANALYSIS 
OF DROP STRUCTURES I N  THE STEADY STATE MODEL. 

ABBREVIATIONS: 
EMF = EAST MARICOPA FLOODWAY 
QC = QUEEN CREEK 
SW = SANOKAI WASH 
CHB = CHANDLER HEIGHTS BASIN 
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Final Design Model for design of Queen Creek Channel (QCSW.PRJ), sedimentation 
basin and drop structures. 

The steady-state model was used to analyze flow conditions in the proposed Queen Creek 
Channel upstream of the lateral weir, flow conditions in the proposed Queen Creek 
Sedimentation Basin, flow conditions in the proposed Sanokai Wash Channel, flows after 
the confluence of Queen Creek and Sanokai Wash and flow over proposed drop 
structures. 

The steady flow data values were obtained from the unsteady state Design Model 
(CHBD.p rj) except at locations not covered by the unsteady state model (flows in Queen 
Creek and Sanokai Wash upstream of their confluence). 
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QCSW Final Channel Design - May 2003 
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QCSW Final Channel Design -May 2003 
River = Queen Creek Reach = R1 RS = 10041 Proposed Sed Basin 
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Station (fl) 

QCSW Final Channel Design -May 2003 
River = Queen Creek Reach = R1 RS = 9696 Proposed Sed Basin 

I Station lfti 1 



~~~L 
I QCSW Final Channel Desian - Mav 2003 

Station (fl) 

QCSW Final Channel Design - May 2003 
River = Queen Creek Reach = R1 RS = 9513 

1325 

1320 

- s 1315 
6 .- .. m 
$ 1310 

1305 

QCSW Final Channel Design - May 2003 
River = Queen Creek Reach = R1 RS = 9477 dls toe of sed basin outlet 

WS 100-yr 

Ground 

0 

Station (n) 

QCSW Final Channel Design -May 2003 
River = Queen Creek Reach = R1 RS = 9000 

WS 100-yi 

-200 -150 -100 -50 0 50 I 00  150 200 

I Stat~on (ft) I 



QCSW Final Channel Design - May 2003 
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QCSW Final Channel Design - May 2003 
River = Queen Creek Reach = R2 RS = 5157 
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QCSW Final Channel Design - May 2003 
River = Queen Creek Reach = R2 RS = 1700 Sed Basin 
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QCSW Final Channel Design - May 2003 
River = Sonokai Wash Reach = R1 RS = 2016.8 Sanokai Wash Channel (end at Higiey Rd) 
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QCSW Final Channel Design - May 2003 
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QCSW Final Channel Design - May 2003 
River = EMF Reach = Reach3 RS = 11.794 Too of Slooino Droo 
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QCSW Final Channel Design - May 2003 
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~ Inert materials 

a Quantities based on a windshield sulvey done by DAVon 12109103 

Concrete rubble pile nr QC 45+00 300'. 60' ' 5' 127 3333 CY 4500 TN=CY'100127/2000 
Concrete irrig ditch 3500 LF 112 CYlLF 1750 CY 2363 TN=CY'100'2712000 
Concrete rubble along QC channel 600"2W 1'127 444 CY 600 TN = CY ' 100 ' 27 12000 
Concrete block nr QC 40+00 8"6'"4 '127 7 CY 10 TN=CY~100'27/2000 

5535 7472 . .- 
USE 8000 TN 

Disposal: 
Haul: 
Load: 

Unit Load, TN TotaillN 
Cost per TN $ 34 $ 34 
One truck for I HR RT $ 50 13.5 $ 4 10 CY truck can haul 13.5 TN in 1 hr 
2 men. 112 HR + FE loader+ truck $ 88 27.0 $ 3 can load 2-10 CY truck. 27 TN in 1 hr 

$ 41 
USE $ 45 perTN 

Chts Cost Estimate - 100%.xk 



Non-inert materials 

@ 
Quantities based on a windshield sulvey done by DAV on 12/09/03 

Brush pile nr QC 20+00 2OOLF*50'*9' 90000 CF 225 TN = CF * 5 /ZOO0 
225 

USE 250 TN 

Disposal: 
Haul: 
Load: 

Unit Load, TN TotaiiTN 
Cost per TN $ 34 $ 34 
One truck for 1 HR RT $ 50 0.68 $ 74 can haul 0.675 TN in 1 hr 
2 men. 112 HR + FE loader + truck $ 88 1.35 $ 65 can haul 1.35 TN in 1 hr 

$ 173 
USE $ 200 perTN 

Chts Cost Estimate - 100%.xls 



Tires 

Quantities based on a windshield survey done by DAV on 12/09/03 

Count by eslimate 10 tires 0.25 TN = EA ' 50 / 2000 
0.25 

USE 1 TN 

Disposal: 
Haul: 
Load: 

Total 
Cost per tire $ 12 $ 480 
One truck for 1 HR RT $ 50 $ 200 can take 10 tires in one load, 114 TNlhr 
2 men + truck, 112 HR $ 75 5 150 can load 10 tires in 112 hr, 112 TNlhr 

$ 830 
USE $ 900 perTN 

Chts Cost Estimate - 100%.xls 



,BpJ M,ICHAE.L KIRKHAM' - ' . Iowa ~rizona Kalsas Nebraska Colorado 

(@ C O N S U L T I N G  E N G I N E E R S  www.kirkham.com 

PROJECT: EMF basins DATE: 12110/03 

' CALL TO: Salt River Landfill, 48Ot941-3427 ENGINEER: Kirkham Michael 

CALL FROM: Dave Violette KM PROJECTNO.: 01 12925 

DISCUSSION, AGREEMENT AND/OR ACTION: 

They charge $34 per ton for bulk waste. They will accept concrete rubble, scrap metal, cotton gin waste, 
etc, but do not accept tires. 

9201 North 25* Ave Suite 150 t Phoenix, AZ 85021 (602) 944-6564 FAX (602) 944-6592 



KIRKHAM 
MICHAEL 

Arizona Colorado 
Iowa + Kamas Nebraska 

. . -. 

TELEPHONE CALL RECORD 

PROJECT: EMF basins DATE: 12/10/03 
Glenn Weinberger Landfills, 

To: 602+278-9155 

CALL FROM: Dave Violette 

ENGINEER: Kirkham Michael 

KMPROJECTNO.: 01 12925 

DISCUSSION, AGREEMENT AND/OR ACTION: 

They charge $6 each to accept tires without rims;$l2 each for tires with rims. They then take them to 
the proper disposal site. 

K\01\0112925 - EMF DSNCOST ESTIMA'IEWHN TIRE DISPOSAL 031210 DOC 

9201 North 25" Ave Suite 150 Phoenix, AZ 85021 (602) 944-6564 FAX (602) 944-6592 
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Kirkham Michael Consulting Engineers October 31,2002 
Chandler Heights Detention Basin, Maricopa County Project No. 600198002 

. , 

with similar materials. In our opinion, excavation of the on-site materials can generally 

be accomplished to the anticipated basin depth with conventional earthmoving equip- 

ment in operating condition. However, scattered caliche nodules, filaments, and 

stringers were encountered in many of the borings and test pits, which may be some- 

what more time consuming to excavate. This cementation predominates in the older 

Pleistocene deposits, which were encountered below roughly elevation 1,285 to 1,305 

feet MSL. 

The trenches and excavations should be designed and constructed in accordance with 

OSHA regulations. These regulations provide trench sloping and shoring design pa- 

rameters for trenches up to 20 feet deep based on a description of the soil types 

encountered. Trenches greater than 20 feet deep should be designed by the Contractor's 

engineer based on site-specific geotechnical analyses. For planning purposes, we rec- 

ommend that the OSHA soil classification for the encountered alluvial soil be 

4 .  considered as Type C. 

L.1' 

9.1.2. Grading, Fill Placement, and Compaction 

Vegetation and debris from the_clearing operation should be removed from the site and 

disposed of at a legal dumpsite. Demolition debris should be removed from the site and 

disposed of at a legal dumpsite. Obstructions that extend below finish grade, if present, 

should be removed and the resulting holes filled with compacted soil. 

A geotechnical consultant should carellly evaluate areas of soft or wet soils prior to 
' . placement of fill or other construction. Drying or overexcavation and replacement o f '  . 

shch materials may be anticipated. 

Imported soils and soils generated from on-site excavation activities that exhibit very 

low to low expansive potential, are generally suitable for reuse as engineered fill in . - 

structural areas. Very low to low expansive potential soils are defined as having an Ex- 

pansion Index (by ASTM D 4829-95) of 50 or less. 

- 
2' 

6Wl98002rpf(Ch).d0~ 11 yi~gff &/qn~~r~ 
. . 

L 



Kirkham Michael Consulting Engineers 
Chandler Heights Detention Basin, Maricopa County 

October 31,2002 
Project No. 600198002 

We recommend that new fill be placed in horizontal lifts approximately 8 inches in 

loose thickness and compacted by appropriate mechanical methods, to 95 percent or 

more relative compaction, in accordance with ASTM D 698-00 at a moisture content 

within two percent of its above optimum. 

Based on the laboratory tests we performed, the earthwork (shrinkage) factor of 5 to 25 

percent is appropriate for the on-site soils within the basin area. This shrinkage factor 

range represents an average of the material tested. Potential bidders should consider this 

in preparing estimates and should review the available data to make their own conclu- 

sions regarding excavation conditions. 

As much of this site was historically used for farming, the top 6 to 12 inches may con- 

tain some organics. This layer may need to be segregated during construction and could 

be reused in non-structural areas of the site. 

9.1.3. Reuse of Excavated Material as Borrow 
L* The composition of the soils that will likely be excavated for construction of the basin 

was described in Section 7.2. In addition to the index testing (grain size analysis and 

Atterberg limits) that was conducted to classify these soils, we performed Expansion 

Index and corrosivity tests as a means to evaluate these soils for potential reuse. Table 3 

outlines the results of these tests. Given the very large volume of soil to be excavated 

and the heterogeneous nature of the natural soils, much wider variations in soil charac- 

teristics than suggested by these results are possible. 

Table 3 - Summary of Expansion Index and Corrosivity Test Results 

pH 

7.6 

8.4 
-- 

Expansion 
Index 

1.5 

6 

1.5 

Sample 
Location 

CH- 1 1 

CH-21 

CH-23 

Sample 
Depth (ft) 

0-2 

12-15 

0-2 

Resistivity 
(ohm-cm) 

508 

1,320 
-- 

Water-Soluble 
Sulfate Content 

in Soil ($6) 

0.0025 

0.0004 
-- 

Chloride 
Content 
@ ~ m )  

160 

10 
-- 



Kirkham Michael Consulting Engineers October 31,2002 
Chandler Heights Detention Basin, Maricopa County Project No. 600198002 hh 

The Expansion Index test is used to evaluate the intrinsic swell or expar~sion potential of 

a remolded soil sample upon saturation with water. Based on Uniform Building Code 

(UBC) Standard No. 18-2, an Expansion Index from 0 to 20 indicates a very low expan- 

sion potential, 21 to 50 indicates a low expansion potential, 51 to 90 indicates a medium 

expansion potential, 91 to 130 indicates a high expansion potential, and 130 or above 

indicates a very high expansion potential. The soils that we tested exhibited a very low 

expansion potential. 

The pH and minimum electrical resistivity tests were performed in general accordance 

with Arizona Test 236b, while sulfate and chloride tests were performed in accordance 

with Arizona Test 733 and 736, respectively. The soil pH values ranged from 7.6 to 8.4, 

which is considered to be alkaline. The minimum electrical resistivity measured in the 

laboratory varied from 508 to 1,320 ohm-cm, which is considered to be corrosive to fer- 

rous materials. Tlie chloride content of the sample tested ranged from about 10 to 160 

ppm, which is also considered to be corrosive to ferrous materials. 

Based on the UBC criteria, the potential for sulfate attack is negligible for water-soluble 

sulfate contents in soil ranging from 0.00 to 0.10 percent by weight (0 to 1,000 ppm), 

and moderate for water-soluble sulfate contents ranging from 0.10 to 0.20 percent by 

weight (1,000 to 2,000 pprn). The potential for sulfate attack is severe for water-soluble 

sulfate contents ranging from 0.20 to 2.00 percent by weight (2,000 to 20,000 pprn), and 

very severe for water-soluble sulfate contents over 2.00 percent by weight (20,000 

pprn). The soluble sulfate content of the soil samples tested ranged from 0.0004 to 

0.0025 percent, which represents a negligible sulfate exposure for concrete. 

9.1.4. Imported Fill Material 

Imported fill in contact with ferrous materials or concrete, if utilized, should consist of 

clean, granular material with a very low or low expansion potential. Import material that 

is in contact with buried ferrous materials or concrete should also have low corrosion 

potential (minimum resistivity greater than 2,000 ohrn-cm or chloride content less than 

25 parts per million [pprn], and soluble sulfate content of less than 0.1 percent). The 

6W198002 rpf(ch) doe 13 
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EXPANSION INDEX TEST RESULTS 

PERFORMED IN GENERAL ACCORDANCE WITH ASTM D 4829-95 

L J 

. 

f EXPANSION INDEX TEST RESULTS\ 
EAST MARICOPA FLOODWAY 

CHANDLER HEIGHTS DETENTION BASIN 
MARICOPA COUNTY, ARIZONA 

d 

PROJECT NO. 

\ 600198002 I0102 
A-EII W O  

FINAL 

MOISTURE 

(%) 

17.5 

18.7 

18.9 

14.4 

COMPACTED 

DRY DENSITY 

(PCF) 

111.1 

108.8 

106.9 

113.0 

SAMPLE 

LOCATION 

CH-11 

CH-21 

CH-23 

CH-25 

. . 

VOLUMETRIC 

SWELL 

(IN) 

0.0158 

0.0058 

0.0171 

0.0000 

SAMPLE 

DEPTH 

(FT) 

0-2 

12-15 

0-2 

12-1 5 

INITIAL 

MOISTURE 

(%) 

11.1 

11.0 

10.2 

7.8 

EXPANSION 

INDEX 

21 

8 

17 

0 

EXPANSION 

POTENTIAL 

Very Low 

Very Low 

Very Low 

Very Low 



Don Rerick - FCDX 

rom: (6 nt: 
David Vioiette [dviolette@kirkham.com] 
Tuesday, December 09,2003 8:25 AM 

lo: djr@rnaii.maricopa.gov 
Subject: . Availabiiity'ofsoils.for . reuse . . . in . RBand . . .. CHB 

In RB soils report Ninyo and Moore recommended in 9:1.2 that very low to 
low expansive potential soils be used for engineered-fills, etc. The 
table in 9.1.3 and figure B-66 in their report show that probably all. 
soils in the basin excavation area are likely to meet those criteria. 

I a m  revising Subsection 206.4 of the SPs as follows to correct the 
index being used and the limits shown in the report: 

"Material for structure backfill placed beneath structures may be.drawn 
from material available onsite for,this project. Structure fill material 
must be low Expansion Index soils. Refer to the soils logs in the plans 
and to the Geotechnical Report Co help identify soils for this use; 
select soils with a ~xpansion Indexof50 or less. Structure fil1,is to 
be placed in 8" horizontal lifts with moisture control and compacted 
using mechanical methods to~95 percent or more relative compaction in 
accordance with ASTM D 698-00 at moisture content within two percent of 
the optimum moisture content for that soil. Refer to Sections 9.1.2 and 
9.3.1 of the Geotechnical Report for more details. " 

In CMB soils report they recommended the, same criteria in'9.1.2 of tha 
report. The table in 9.1.3 and figure B-100 in their report show that 
probably all soils in the basin excavation area are likely to,meet those 
criteria. , 

@ am revising Subsection 206.4 of the CHB SPs as follqws: 

"~atekial for structure backfill placed  beneath structures may be drawn 
from material available onsite for this project. Structure fill material 
must below Expansion Index soils. Refer to the soils logs in the plans 
And to the Geotechnical Report to help identify soils for this use; . . 

select soils with a Expansion Index of 50 or less. Structure fill is to 
be placed in 8" horizontal lifts with moisture control and compacted 
using mechanical methods to 95 percent or more relative compaction in. 
accordance with ASTM D 698-00 at moisture content within two 
the optimum moisture content for that soil. Refer to Sections 
9.4.1 of the Geotechnical Report for more details. " 

It Appears that there is B' sufficient amount of material available on 
site to provide for all structure fill needs. 

I will also add a section t DC&AN showing those analyses. 

Dave 

!+++-5&5', l / A /  
- - - - - - - 

David A. Violette, PE 
: Kirkham Michael Consulting Englneers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 32'8-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 

eyiolette@kirkham. com 

1 
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KM KIRKHAM 
MICIIAEL 

Job 0112925 

client FCDMC 
Ccn?.Bn, C-ngneirr 

9201 N251hAw. S.10 105 Pl>vanuAZ85021 
Phone 602+%465%. FAX 9U6592 

Pmject ChandlerHeiahts Basin 
Calculated by JKK 

Chechedby & - 
Dale 02124104 @ STRUCTUREQUANTITIES 

Gmuted Rack $200.00 cy 
Grout (CuCOR Walls) $275.00 cy 

Dso=12" Dumped Riprap $60.00 cy 
Gravel Bedding $8.00 cy 
Weir Concrete W 0 . W  cy 

outlet structure ConcTete Uoo.oo cy 
Outlet Stwcture Steel $0.65 lbs 

PVC Weep Drain $50.00 If 
structural Exc $8.00 CY 

Structural Fill $15.00 cy 
Structural BacMill $15.00 cy 

Outlet Catch Basin $2,500.00 ea 
PVC Drain $50.00 if 

Drainage Grates $50.00 ea 
18" HOPE Pipe $50.00 If 

Gravel Filter Material $20.00 cy 
Gabian Mattresses $100.00 cy $1001cy per Rob Myen (Maccaferri) on 9130 

Reinf. Concrete Cutafl Wall $275 00 w 
Excavation $4.25 ci mcture Str Exc 

Area Depth Str Exc 
Quantity Unitcost Total (SO 

883 
(fl) (CY) 

$200.00 $176,542 7944 4.0 1177 
110 $275.00 $30,368 
301 $60.00 $18,060 
1287 $8.00 $10,299 
294 $8.00 $2,354 

$237,822 

Structure 
Structure No. 8 (Dmp in Queen Cr nr Higley Rd) 

36" Boulden148" Boulder Sill 
507-7 

~escrlpt lon Unit 
Grouted Rock CY 

Gmut Cut-Off Walk CY 
Riprap CY 

Structural Exc CY 
Gravel Bedding CY 

Total 

Structure No. 7 (Drop Inlet to New Sed Basin) 
36" Boulders148" Boulder Sill 

5078 

Grouted Rack CY 
Gmut Cut-Off Wails CY 

RlDraO CY . ~~ 

S I N ~ U ~ ~ ~ E X C  CY 
Gravel Bedding CY 

Total 

structure No. 6 (Weir Outlet of New Sed Basin) 
3 v  Bmldersl42" Boulder Sill 

507-5 

Grouted Rock CY 
Grout Cut-Off Walls CY 

Riprap CY 
Structural Exc CY 

Outlet Catch Basin EA 
PVC Drain LF 

Drainage Gates EA 
18"HDPE Pipe LF 

Gravel Filler Material CY 
Gravel Beddlna CY 

Slrudure No. 5 (Dmp In Queen Creek) 
36.1 Bouldenl48' Boulder Sill 

507-4 

Gmuted Rock CY 
Grout CuCOff Wails CY 

R i ~ r a ~  CY 
structurai~xi CY 

Gravel Bedding CY 
Total 

Gmuted Rock CY 
Gmut Cut-Mf Walls CY 

Riprap CY 
Structural Exc CY 

Gram1 Bedding CY 
Total 

GmuledRock CY 
Grout Cut-Off Walk CY 

Riprap CY 
PVC Weep DRin LF 

Strudulal Exc CY 
Gravel Bedding CY 

Total 

Grouted Rock CY 
Grout Cut-m walls CY 

Riprap CY 
PVC Weep Drain LF 

Structural Exc CY 
Gravel Bedding CY 

Total 

Concrete CY 
WeirAerthdiw % 

Total 

Smcture No. 3 (Drop lnietto Exlst Sed Basin) 
36.1 Bouidsrsl48" Boulder Slll 

5073 

structure Elo. 2 (Weir Outlet b r  Exlst Sed Basin) 
361. Baulders/48" Boulder Sill 

507.2 

structure No. 1 (Dmp in EMF) 
42" Boulden154" Boulder Sill 

507-1 

Leterai Weir 
505-2 

CHB estimates xls T-Structure Estlmstes Page 1 of 2 212412004 1'42 PM 



2-Wx4' RCBC (Outlet. Wingwalls 8 Apron) Conuete CY 
Steel LBS - 
Total 

Emergency Spillway RockMatlres~ CY 
Reinf Conc Cutoff Wall CY 

Excavation CY 
Structural Excavation CY 

Stmdural Fill CY 
Total 

Quantlty Breakdown by Rock Size Total Qty Sill Size 
30" 1956 42" 
36" 5571 a'' ~ ~ 

42" 
Total: 

Check: 

CHB estimates xls T-Strudum Estimates Page 2 of 2 

7.5% 
Est Sill 

QtY 
147 
418 
168 
733 

Total wlo Total based on 
Sill Size Size Say Say (tonal 

1809 30" 1809 1810 3258 
5154 36" 5151 5160 9288 
2074 42" 2221 2225 4005 

48" 416 420 756 
54" 166 170 306 
Check 6770 9785 17613 
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SIDEWEIR PLAN 
1" - 4,,'-,," 

1. FOR EXPANSION JOINT. DETAlL SEE SHEET 87. 

R - 101'-0" (TYP) 

80 '  WElR STEP PATTERN DETAIL 
1" - 30'.0" 

WElR STEP PATTERN TERMlNlDETAlL 
1" - 30'.,," 



SECTION 7 9  

r n D  CONTROL Dw,mCf 
OF XAWCOPA COUNTP 



TOE-IN WALL 

CUT-OFF 
WALL lb- I ~ ' T U I &  SECTION 
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R E I N F O R C I N G  BAR P L A C I N G  DIAGRAM w 1  
bb ear 

I i 
hh bar 

BENDS 
NDIE: 

See 8-02.  21 i o r  idbles (11 fhru V. 
See 6-01.10 f o r  General Note8 and Miscellaneous Oe ia l i a .  
See 6-02.70 f o r  O u a n i i + i e s .  

m r s m ~ ~  U P ~ W E ~  ARIZONA 
DEPARTMENT OF TRANSPORTATION ! ""'"* 

HIGHWAYS D l V l S l O N  <.?> 
STANDARD DRAWINGS 

DOUBLE BARREL 
,.."m~m "0. 

i 8 - 0 7  >n 



NOTE: i 
o ~ a n t ~ t l e ~  shown i n  tables are ~ e r  tin. roo+ 
Of OYlveri lenMn. 

S,,C" urnro A R I Z O N A  
2 , d M - L , D E P A R T M E N T  OF TRANSPORTATION 

HIGHWAYS D l V i S l O N  

CULVERT O U A N T I T I E S  







solmeorion v a r l s s  witn number o f  barrels. A e Q u a ~ r  
10 be added To dlmenrlon ' 6  ' +or each addit ional  barre#. 

Drain .lo+ a+ 
P L A N  - P L A N  sash barrel  i-.--$'-i,kDron ' l o  - 

Apron f o r  ds*ew box s"iveit Apron :or 0 ' to  15'skav box cu lver t  

* opttonot ranrrruo+ion ~ o ~ n t .  bpron may b9 
W l t h  "In w a l l  i tinor and bo++am slab o f  ber rs l .  ! I I . . 

. , . , l o /  

I 

'\ / E L E V A T I O N  D-D 

APRON D R A I N  D x  

P L A N  - NOTES: 

noran r o r  26.t- 45'sher box oul;er+ Far Gencre i  Notes and miscel  ianaous t s  see s-bi. lo. 
see s-Os.?o. 8-06.30 +nd 8 - 0 6 . 4 0  for m i o n  dlnensions and quantz+iea. 

The enran o i lan t l t i es  take in+- conslderarlen the vv+oft i s  beioo 
Omliied *ionq O u t l e i  iheadwall and shal l  be used on new box only,  

' x 3'0 
" 4  bard 

- 4 8  ,iZ. x J'.O 
=u+oi< " D l  l a t  end o f  box 

/ / end under ringuai I iooiing 

L-2  when amion i s  ussa. 
ARIZONA s c " ~ , ~ ~  

ARTMENT OF IRANSPORTATION 'I A k  HIGHWAYS DIVISION '.:2 

S E C T I O N  A - A  STANDARD DRAWINGS _ _ _ 
S E C T I O N  8-B S E C T I O N  C - C  : * 

<*,.e.",". 
OUTLET 4PHON D E T A I L S  B.Os, , 0  

*...*. 





OUTLET WINGWALL FOOTING 

*5 BAR s 12' O.C. (TIP.) 
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KIRKHAM J O ~  0112925 
Client FCDMC 

Consulting Engineers Project Chandler Heights Basin 
9201 N 25th Ave, Suite 195, Phoenix AZ 85021 Calculated by DAV 

Phone: 602+W564. FAX. 9446592 Checked bv d%d-- 

4,599,463 < total project in one part 
3,917,548 < earlier analysis by cross sections and end areas 

. ~ . - - .  
Date 02120104 

A Compare final quantities from DTM (Figure 3) with previous estimates 

I FILL I 
211 / - 1  1 I~ar th  Berms ' 

I ICY( I 

75,869 75,868 4,220 35,636 36,012 
21 1 / - 1 21Fill Construction 1 C Y ~  201,000 289.107 15,148 288 24,636 9,898 239,137 

276,869 364.975 < as sum of Darts (includins berms) 

215 
215 

- 
289,113 <total project in one part (without berms) " 

. 4;759,000 4,599,475 < as sum of parts 

CUT 

Total Project 
(Previous) 

4,070.000 
584,000 

, 105,000 

- 
- 

C Compare quantities from DTM as split in Figure 2 with DTM as split in Figure 3 
Sum of 

Parts in Fig EMF 
From Fig 2 3 Basin # I  Channel 

l ~o ta l  cut - C028 1 CYI 792.0661 792.066 693.856 98.210 

EMF QC 
CM8 ' C029 C030 Channel Channel 

Total Project Basin ' Basin Basin 4 5 

3,916,564 693,856 91,629 3,131,079 
584,701 584,701 

, 98;210 98,210 215 - 3 EMFChannel Excavation ' . 

B Compare final quantities from DTM (Figure I) with DTM as split in Figure 2 

1 
2 

CY 

Total cut \ CY 
Total till / CY 

CHB estimates.xls DTM Analysis Page 1 of 2 2/24/2004 3:17 PM 

L 

Total fill - C028 I C Y ~  25,048 

Detention Basin ~x&vation- 

~ueenCreek Channel 8 ~ e d  Basin Exc 

Total From 
Fig 1 

4,599,463 
289,113 

25,046 15,148 9,898 

CY 
CY 

Sum of 
Parts in Fig C028 total CO29 total C030 total 

2 8 8 8 

4,599,462 792,066 676,317 3,131,079 

289,113 '25,048 239,429 24,636 



Sum of 
Parts in Fig 

KIRKHAM J O ~  0112925 ItM MICHAEL Client FcDMc 
Consulting Engineers Pmjecf Chandler Heights Basin 

9201 N 25th Ave, Suite 195, Phoenix AZ 85021 Calculated by DAV 
Phone: 602+944-6564, FAX: 944-6592 Checked by 

Date 02120104 
Sum of 

Parts in Fig QC 
From Fig 2 - '. 3 Basin #2 Channel 

- 
From Fia 2 3 Basin #3 

Total cut - C029 1 C Y ~  676,317 
Total fill - C029 1 CY 1 239,429 

676,330 91,629 584,701 
239,425 288 239,137 

Conclusions: 

- - 

1 From part A, the amount of cut has reduced from previous estimates and the amount of fill increased. 
2 From part B, the amodnt from the total project agrees closely with the amount summed from the five parts. 

Total cut - C030 1 C Y ~  3,131,079 
Total fill - C030 / C Y ~  24,636 

This shows that the modeling approach is consistent. 
3 From part A, the basin quantity-with the final model is consistent with the quantities derived earlier using 

both the DTM method as well as the cross section method. 
4 Part C shows that the disaggregation of C028 and C029 gives consistent results with the total 

C028 and C029 results. 

3,131,079 3,131,079 
24,636 24,636 

Refer to the three dwgs attached for the areas covered by the numbers above. 
' Subarea Basin # I  on Figure 3 
2 Subarea Basin #2 on Figure 3 
3 Subarea Basin #3 on Figure 3 

Subarea EMF Channel on Figure 3 
Subarea Basin #3QC Channel on Figure 3 
Figure 1 
Taken from construction dwgs 
Figure 2 

CHB estimates.xls DTM Analysis Page 2 of 2 



Triangle Volume 

OrigInal Surface: Chandler 
D&gn Surface: Prop CHB 

Mode: Selected Shapes 
Cuf Facfor: 1.0 
Fill Factor: 1.0 

Level: 28. Color: 38 

Cuf: 21385784.1 cu ff 
FIII: 676289.6 w ft 

Net: 20709494.6 cu ft 





Trlangle Volume 

Trfangle Volume Re@ 

Orlglnal Surface: Chandler 
h l g n  Surface: Prop CHB 

Mode: Enflre Surface 
Cut Facfori 1.0 
FIII Facfor: 1.0 

Cut: 124185501.5 cu f f  
Fill: 7806052.1 cu f f  

Net; 116379449.4 cu ff 

Cut: 4599463.0 cu yd 
F111: 289113.0 cu yd 

.Net: 4310350.0 cu yd 



Chandler Heights Basin Excavation Quantity - End Area Method 



Chandler Heights Basin Excavation Quantity - End Area Method 



~ e t - b a s i  n. t x t  
chandler  eights sasin (Cut g t y  only) 

T r i a n g l e  volume 

T r i a n g l e  Volume Report 

o r i g i v a l  surface: chandler 
Design surface: proplZa 

  ode: selected shapes 
c u t  Factor :  1.00 

F i l l  Factor:  1.00 

Level : 1, 

c u t :  105773805.54 cu ;Ft 
 ill: 2090344.53 CU ft 
Net: 103683460.51 cu ft 

&t: 3917548.33+.cu y d e  
F i l l  : 77420.17 CU yd  
Net: 3840128.17 cu yd 

Page 1 





,- Earth Berm Fill Ouantitv 

C 
- 

Earth berm quantities were calculated from CADD by taking the bottom and top areas of 
the defining contours and performing an end-area calc for each berm. Berms with 
multiple 'high points' on certain berms were quantified using several end-area calcs. 
Berm quantities calculated in this manner were as follows: 

Berm #1: 635 
Berm #2: 122 
Berm #3: 115 
Berm #4: 256+384+2=642 
Berm #5: 781 
Berm #6: 2560 
Berm #7: 2138 
Berm #8: 61 13 
Berm #9: 2423+4846=7269 
Berm #lo: 12000+750=12750 
Berm#ll: 391 
Berm#12:735+6617=7352 
Berm #13: 523+784=1307 
Berm #14: 742 
Berm #15: 337 
Berm #16: 1610 
Berm #17: 1967+984=295 1 (i Berm#18: 12373 
Berm #19: 692 
Berm #20: 11804 
Berm #21: 1274+1911=3185 

Total = 75,869 cubic yards 

Note: 
Berms are quantified on a per sheet basis in the construction plans. 



KM KIRKHAM 
MICHAEL 

Consulting Engineers 
9201 N 25th Ave, Suite 195. Phoenk AZ 85021 

Phone: 602+944-6564, FAX: 944-6592 

Job 01 12925 

Client FCDMC 

Project Chandler Heights Basin 
Calculated by DAV 

Checked b y e  
Date 02/05/04 

PLAIN DUMPED RIPRAP 220-1 

Quantities computed from dwgs S1 and S4 (see attached) 
Length, ft Width. ft Depth, ft Vol, cy Note 

Along sideweir apron 997 8 2 591 1 
Along toe-in wall Sec G 59 5 2 22 2 
Along toe-in wall Sec H 43 20 2 64 2 

677 
USE 680 CY 

Notes: 
1 Used avg width of 8'. Added 0.4*80' at each end for curve. 
2 Computed using slope distance. 

CHB estimates.xls 







K M  KIRKHAM 
MICHAEL 

Consulting Engineers 
9201 N 25th Ave, Suite 195, Phoenix AZ 85021 

Phone: 602+944-6564. FAX: 944-6592 

Job 0112925 

Client FCDMC 

Pmjecf Chandler Heights Basin 
Calculatedby JKK 

Checkedby & 
Date L/tt 104- 

XCAVATION 215-1 
~xcavation' D U S ~  Control 

(CY) (1s) 
' Qty 4,070,000 1 Unit $ 

Unit Cost $4.00 $450,000.00 wldust control Use 
$16,280,000.00 $450,000.00 $16,730,000.00 $4.11 $4.25 

'~uantity obtained from SelectCAD in k:\ 01 12925 - EMF Dsn \ CHB \ Inroads \ -> using 2 methods: 
1) DTM ;ubtraction using surfaces 'propl2a.dtm" and "chanalerdtm" 
2) End-area volume caic~lation using cross-sections taken w~th a ignment "bas~nqtycheck alg" 



UM KIRKHAM 
MICHAEL - --  

Consulting Engineers 
9201 N 25th Ave, Suite 195, Phoenix AZ 85021 

Phone: 602+944-6564, FAX: 9446592 

IRRIGATION SERVICE 440-17 

Job 0112925 

Client FCDMC 

Project Chandler Heights Basin 

Checked by 

From Queen Creek Rd along Higley Rd 
Gilbert Water Service Connection Fee 1 LS $18,000.00 $18,000.00 
Tap existing 20" DIP 1 LS $2,500.00 $2,500.00 
Pipe run along Higley Road 1045 LF $15.00 $15,675.00 
Directional Boring across Queen Creek 80 LF $30.00 $2,400.00 
Pothole pavement for boring 2 EA $300.00 $600.00 
Pothole dirt for boring 3 EA $100.00 $300.00 
Subtotal $39,475.00 
Contigency (15%) $5,921.25 
Total $45,400.00 

Unit prices 
Horizontal boring unit cost $30 ILF includes pipe 
Open trench pipe runs unit cost $15 ILF assumes no pavement restoration 
Pothole in pavement area $300 IEA 
Pothole in dilt area $100 IEA 



UM KIRKHAM 
MICHAEL 

Coosultlng Engineers 
9201 N 25U1 Ave, Suite 195, Phoenix AZ 85021 

Phona. 602+9&65M, FAX: 944-6592 

INERT MATERIALS 350-7 

Quantities based on a windshield SuNeydone by DAVon 12/09/03 

Concrete nbblepie nrQC45t00 300"60' ' 5'127 
Concrete irrig oitch 3500 LF ' 112 CYlLF 
Conmto nbble along QC channel 600 ' 20' 1'1 27 
Conmte black nr QC 40+00 8"6"4'127 

Disposal: 
Haul: 
Load: 

Cost perTN 
One trukfor 1 HR RT 
2 men. 112 HR + FE loader + truck 

Job 0112925 

Cllent FCDMC 

Pmject ChandlerHeights Basin 
CaIcuIated by DAV 

Checked by @ 
Date 12129103 

3333 CY 4500 TN=CY"100'2712000 
1750 CY 2363 TN = CY 100'2712000 
444 CY 600 TN =CY'100'2712000 

7 CY 10 TN=CY'100*2712000 
5535 7472 

USE 8000 TN 

Unit Load, TN TotaUTN 
$ 34 $ 34 
$ 50 13.5 $ 4 10 CY truck can haul 13.5 TN in 1 hr 
$ 88 27.0 $ 3 can load2-10 CY truck. 27 TN in 1 hr 

$ 41 
USE $ 45 perTN 

CHB estmates xls 



UM KIRKHAM 
MICHAEL 

Consulting Engineers 
~ ~ 

9201 N 25th Ave, Suite 195. PhoenixAZ 85021 
Phone: 602+944-6564. FAX: 944-6592 

NON-INERT MATERIALS 350-8 
I 

Quantities based on a windshield survey done by DAV on 12/09/03 

Brush pile nr QC 20+00 200 LF ' 50' * 9' 

Disposal: 
Haul: 
Load: 

Job 0112925 - 

Client FCDMC 

Project Chandler Heights Basin 
Calculated by DAV 

Checked by dTt5- 
Date 12129103 

90000 CF 225 TN = CF '5 12000 
225 

USE 250 TN 

Unit Load, TN TotallTN 
Cost per TN $ 34 f 34 

'One truck for 1 HR RT 5 50 0.68 $ 74 can haul 0.675 TN in 1 hr 
2 men, 112 HR + F E  loader + truck $ 88 1.35 $ 65 can haul 1.35 TN in I hr 

% 173 

CHB estirnates.xls 



U M  KIRKHAM 
MICHAEL - .. 

Consulting tngineers 
9201 N 25th Ave, Suite 195, PhoenLx AZ 65021 

Phone: 602+944-6564. F a  944-6592 

TIRES 350-9 

Disposal: 
Haul: 
Load: 

Job 0112925 

Client FCDMC 

Project Chandler Heights Basin 
Calcuiatedby DAV 

Checked by & 
Date 12/29/03 

Total 
Cost per tire $ 12 $ 480 
One truck for 1 HR RT 5 50 5 200 can take 10 tires in one load. 114 TNihl 
2 men + truck, 112 HR $ 75 5 150 can load 10 tires in 112 hr. 112 TNhr 

$ 830 
USE 5 900 per TN 

CHB estimates.xls 
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KIRKHAM 
MICHAEL Omaha Des Moines + Denver . ' 

Phoenix * Ellsworth & touisburg, KS 
. . 

E N G l N E B R S  www,kirkha%.com 

Memorandum 

To: Don Rerick . From: Dave Violette 
. E&@' p;l&&g h d  constrilc&oti sequencing Date: $!27/@3 
Job 'Nwnber: 01 12925 

Here are some random thoughts about matters that affect how we handle the phase drawings, and how 
construction sequencing might be affected, 

Qu,ean Creek Oknn.el 
We need to think through the function of the existing channel and howlwhen to switch to'the new 
channel. 

The current plan would have the new channel being constructed in the second phase, once the changes to 
the EMF and the outlet, ss~illway, and lower basin are done. Obviously, the existing QC channel would 

@%ce c o n ~ . t r q a ~ ~ @ & @ ~  new QC channel, the existing channel should be kept in operatio~.until 
&e new channel and the sideweir afe ready to take the flows. Then, the switch can be made at the upper 
e@d to direct flows fiom the old channel to h e  new. Following that, the switch can be made at the lower 
end to eliminate the flows fromthe existing channel kom going ,@to the sed basin. Only after those are 
d w .  sh~t&d'&e e@&g chp$~l  be fibed. We need to note this sequenke in the CDs. - 
Also, this affects whete the material to'fill the existing channel can come kom, since the new QC 
channel will already be constructed. 

Embankment between QC Channel and CH basin. 
 ortio ti on of this enibankment is constructed by fill above existing grades. North of Ocotillo the basin 
will be constructed after the new channel is done, while south of Ocotillo the basin will be.constructed 
before the new channel. 

. . 
w e  need the embankment to be at its designed height once flows are being carried in the new ihannkl, '. 

but not for basin operations. 

: I*ti &w;&&@$@*kg: l i '  ;; 
I" ~ . .  . r :  hs(~%%ase; I suggest that we call for the en$janlanent south of Ocotillo to be 

constructed by excavating . . below existing grade but no fill above existing grade be placed: That fill 
,'&.&it&rid phase, while the channel is b'eing constructed. 

cting the second phase we will have to place the fill for the embankment while 
constructing the channel. Th is  willthenkxtend the fill to whereexcava&on for the basin will start. 
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Don Rerick - FCDX 

David Vlolette [dviolette@kirkham.com] (6:;: Tuesday, December 09; 2003 9:01 AM 
djr,@mail.maricopa.gov - . 1 0 :  . . 

Subject: . . . Gilbert sewer . . iflOcotillo . . . . .. align ', 

. CEI had checked. rims and'inverts for the sewer manholes after 
constructibn, and the invert elevations are from 1283 to 1284 in the 
basin area.,The EMF bottom is around 1297 in that area and the cut in 
Ocotillo align to join the basin parts is around 1298. There is 
sufficient cover provided for the~sewer in both areas. We are revising 
dwgs C46-C47 to add these invert elevations for info. 

, 

Kirkham ~ichaei Consulting Engineers 
9201 North 25th Avenue., Suite 1 9 5 , .  Phoenix AZ 85021 
Direct. (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 
dviolette@kirkham.com . . . ,  . 
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RAILING PLAN AT OUTLET 
ya. ; 1'0. 

2. DIA SCHEDULE 
40  PIPE 

NEW OUTLET STRUCTURE 
SEE DWG. N O 3  59-511 FOR DETAILS 

RAILING DETAIL 
yz. ; 1'0' 

RIND SMOOTH ITYP) 
I. ALL WELDING SHALL BE IN ACCOROANCE 

WITH AMERICAN WELDING SOCIETY CAWS1 
01.1 USING E70XX ELECTRODES. 

2. ALL PlPE SHALL BE 2' D U  SCHEDULE 
RIND sMOOT" IMP) 40  PIPE. FY = 36 KSI. 

3. SEE OWG. NOS 516 AN0 517 FOR 
PAINTING SCHEDULE. 

4. SEE DWG. NO.'S S16 AND S17 FOR 
ARCHITECTURAL RAILING TREATMENTS. 

5.2' SIDE VERTICAL FOR ALL 
2' X I' X 11 GA HSS O 

R = 4' TYP 7 1  / I -6KIND SM 

2' DIA SCHEDULE 40  PlPE 
FY = 36 KSI 

COPE ENDS PRIOR 
COPE ENDS PRIOR 
TO WELDING 

RAILING DETAIL INLET WINGWALL 
YP' = ]LO. 

RAILING DETAIL OUTLET YINGWALL 
Y2. = ICO' 



Manning's 'n' Value Sensitivity Analysis 

A sensitivity analysis was performed to evaluate the effect that changes in Manning's 'n' 
values would have on the Chandler Heights Basin system. The analysis was performed 
on the Queen Creek Channel adjacent to the lateral weir and the EMF. 

The 'n' values used in the Queen Creek Channel were 0.027,0.030 and 0.035. These 
values represent an estimate of minimum and maximum roughness and vegetative 
growth in the channel based on County guidelines for a constructed channel ("Clean 
earfh; straight" to "Earth with trees and shrubs" - see Table 6.1 1, Drainage Design 
Manual for Maricopa County, Volume 11, Hydraulics, January 28, 1996). 

The 'n' values used in the EMF Channel were 0.030, 0.035 and 0.040. These values 
were selected to represent a range of channel conditions from existing conditions to 
future conditions. Existing conditions can be characterized as an earthen channel with 
grass and shrubs. Future conditions are based on proposed multi-use features such as 
trails, trees and other recreationd type features. 

The ~ a l y s i s  was performed at the 60% level of design using the Chandler Heights Basin 
unsteady state HEC-RAS model (chbd60.prj). The effects of the 'n' value changes on 
basin operation are documented in the following HEC-RAS outputs. 



WS Max WS - QCn=0.027 

WS Mw WS - CHB 60% 

WS Max WS - QCn=0.035 

I Main Channel Distance (ft) I 



Figure 5.3.2 - Flow Across Weir into Chandler   eights Basin 
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HEC-RAS Profile: Max WS 
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E N G I N E E R S  & C O N S U L T A N T S  
June 7,2002 
Mr. Barry Ling 
Project Manager 
Kirkham. Michael 
9201 N. 25'h Avenue 
Suite 195 
Phoenix, Az. 85021 

SUBJECT: East Maricopa Floodway 
Chandler Heights and Rittenhouse Basins 

RE: Response to FCDMC on Equilibrium Slope 

Dear Mr. Ling: 

Primatech has reviewed the comments by the Flood Control District of Maricopa County 
regarding the equilibrium slope analysis. Our response is provided below: 

FCDMC Comment 1 : 

Values are given for the D50 and D90 in the report but a reference is not given as to 
the source of the data. Later in the report for the assumption of no upstream sediment 
supply the D50 and D90 are averaged. Where did these values come from and why 
weren't averaged values used in the earlier portion of the report? 

Primatech Response 1 : 

The sources of D50 and D90 are listed as follows: 

. Queen Creek upstream of EMF (upstream of Higley Road): 

This reach is upstream of the design reach of Queen Creek. The 
sediment data is from West Consultants' report, Grain Size Analysis 
data, Site QC-13 (RM 1.7). 

. Queen Creek  EM EMF upstream of Sanokai Wash: 

The sediment data is from West Consultants' report, Grain Size 
Analysis data, Site QC-13 (RM 1.7). 

. Sanokai Wash upstream of Higley Road: 



This reach is upstream of the design reach of Sanokai Wash. The 
sediment data is from West Consultants' report, Grain Size Analysis 
data, Site SW-25 (RM 2.4). 

. Queen Creek / Sanokai Wash combined channel: 

The sediment data is averaged from Gradation Test Results at four 
locations within the existing sediment basin provided by Ninyo & 
Moore in August, 2001 for this project. 

Primatech will add the description af the sources for the sediment data used in 
the different'reaches in the future documentation for this project. 

FCDMC Comment 2. 

A value for Qs is calculated fiom the computer generated emperical power relationship of 
the Meyer-Peter, Muller bed load transport equation. However, this value as stated in the 
report is the bed material transport for the design reach. It is not the bed material discharge 
coming fiom beyond or upstream of the design reach, which should be used in the report. 
It also may assume that equilibrium is established, although the report does not state that 
fact. 

A more suitable technique would be to use the MUSCLE equation and utilize the 
following ratio to solve for Qs. 

Qp(water)/Vol (water) = Qs(sediment)Nol(sediment) 

Qp is obtained fiom the HEC-1 model, volume of water from HEC-1, and the volume of 
sediment h r n  the MUSCLE equation. 

Primatech Response 2. 

Sediment transport capacity Qs, as shown in the Calculation Sheets, was 
calculated for two reaches (Queen Creek upstream of EMF and Sanokai Wash 
upstream of Higley Road) which are upstream of the design reaches. 1.e. the 
sediment into a reach is dependent on the sediment being transported out of the 
next upstream reach. Please notice that for a reach under design with an 
equilibrium slope, the sediment into the reach will be equal to the sediment being 
transported out of the reach. 

Yang's sediment transport equation for sand presented in FHWA HEC No. 20 
has been used in the calculations of equilibrium slope with upstream sediment 
supplies. This method considers bed matenal information (D50), channel friction 
coefficient (n), flow velocity and depth in the channel. Meyer-Peter, Muller bed 
load transport equation was used for the calculations of equilibrium slope with no 
upstream sediment supply. 



The Modified Universal Soil Loss Equation (MUSLE) developed by the Soil 
Conservation Service is commonly used to predict the sediment yield in the 
semiarid Southwest. Instead of considering upstream reach situation, this 
method estimate the sediment yield based on the watershed information including 
runoff information, soil erodibility, sub-basin slopes, vegetation coverage and 
erosion control practice factor. However, not all sediment generated from 
watershed will be carried by flow to the downstream reaches. Some sediment will 
dropped in reaches with flatter slopes, low velocities or detention basins, and 
sediment can also be picked up at other locations along the washes depending 
on soil material and hydraulic conditions in the channel. Additionally, all the soil, 
vegetation, and erosion control practice factors can not be estimated accurately. 
Therefore this method is not recommended for this project. 

FCDMC Comment 3. 

The stable slope results presented in a letter dated May 2, 2002 from Primatech to 
Kircham Michael is actually an equilibrium slope analysis with no upstream sediment 
supply. This is not presented as such in this Equilibrium Slope Anlaysis Letter Report. 
That this is the "stable slope" should be mentioned somewhere in the letter report. 

Primatech Response 3. 

It is true that the stable slope analysis is a special case of an equilibrium slope 
analysis with no upstream sediment supply. Both terms are used in the literature. 
We will make it consistent in future documentation to avoid confusion. 

Sincerely, 

G. Lopez-Cepero 
Project Manager 
PRIMATECH 

Fiie: MFC027 



@: ,, .:.. : , 

::.c;.,$t I.& 
Flood Control District of Maricopa County 
2801' West Durango Street 
Plzoenix, Arizona 85009-6399 
(602) 506-1501 
FAX: (602) 506-4601 
TT: (602) 506-5897 

. ww~v.fcdrnaricopn.eo~ 

DATE: 5120102 

MEMO TO: Paul Stears, Project Manager 

FROM: David Degerness, Senior Hydrologist 

SUBJECT: Equilibrium Slope Analysis Summary(5116102) written 4130102 

I have finished my review of the above referenced document and I have the following comments. 

1. Values are given for the D50 and D90 in the report but a reference is not given as to the source 

Q of the data. Later in the report for the assumption of no upstream sediment supply the D50 and 
D90 are averaged. Where did these values come from and why weren't averaged values used in 
the earlier portion of the report? 

2. A value for Qs is calculated from the computer generated emperical power relationship of the 
Meyer-Peter, Mulier bed load transport equation. However, this value as stated in the report is 
the bed material transport for the design reach. It is not the bed material discharge coming from 
beyond or upstream of the design reach, which should be used in the report. It also may assume 
that equilibrium is established, although the report does not state that fact. 

A more suitable technique would be to use the MUSCLE equation and utilize the following 
ratio to solve for Qs. 

Qp(water)Nol (water) = Qs(sedirnent)Nol(sediment) 

Qp is obtained from the HEC-1 model, volume of water %om HEC-I, and the volume of sed- 
iment from the MUSCLE equation. 

3. The stable slope results presented in a letter dated May 2,2002 from Primatech to Kircham 
Michael is actually an equilibrium slope analysis with no upstream sediment supply. This is 
not presented as such in this Equilibrium Slope Anlaysis Letter Report. That this is the "stable 
slope" should be mentioned somewhere inthe letter report. 



< .;,!~:)? ,' ?E%*. 
E N G I N E E R S  & C O N S U L T A N T S  

COMPANY: KIRKHAM MICHAEL DATE SENT: 0511 6/02 

ADDRESS: 9201 NORTH ZPAVE. ,  SUITE 195 PROJECT NO.: MFC027 
PHOENIX, Az. 85281 
PHONE: 602-944-6564 
FAX: 602-944-6592 

RE: EMF 
FLOOD CONTROL CONTRACT : FCD 2000C040 
EQUILIBRIUM SLOPEANALYSIS SUMMARY 

0 FORAPPROVAL X AS REQUESTED 0 FORYOURUSE 

0 FORYOUR FILES 0 RETURNED 0 REVIEW 

Transmitting H e ~ e w i t h :  
Attached is the equilibrium slope analysis and summary. 



E N G I N E E R S  & C O N S U L T A N T S  

m: George Lopez-Cepero 

Fmm: Aihua Tang 

CC: 

Date: 4130102 

Re: EMF Phase 11, Equilibrium Slope 

The following is a documentation of. the methodology we used for the equilibrium 
slope calculations. 

Equilibrium Slope Definition 

Equilibrium slope is the slope at which the channel's sediment transporting capacity 
is equal to the incoming sediment supply. That is, 

4 Q s ,  transport = Qs, supply 

Under this condition, the channel neither aggrades nor degrades. When the present 
slope of a channel is greater than the equilibrium slope, the channel w~ll degrade in 
order to reach its eauilibrium slope. Converselv, when the present slope of a channel 
is less than its eq;ilibrium slobe, the channel will aggrade in ordkr to reach its 
equilibrium slope. 

Approach 

There are different equilibrium slope calculation methods, which are used for different 
situations. 

1. For clear water supply, such as water released from upstream detention 
basins through spillway, the equilibrium slope is the slope, at which bed 
material movement ceases. For this kind of situations, incipient motion 
equation/critical tractive force equation and the Manning equation are often 
combined for the equilibrium slope estimation. 

2. For situation involves significant sediment supply, sediment transport capacity 
equations and Manning equation are used for the equilibrium slope 
calculation. 

3. In the case of a change in sediment supply to a reach that was prev~ously in 
equilibrium and with other characteristics remaining constant. Simplified 

Page 1 



equations have been derived for the new equilibrium slope calculation, which 
requires the knowledge of the existing equilibrium slope and the ratio of the 
future sediment supply to the existing sediment supply. 

4. Some quick estimate equations that provide rough relationship between the 
slope, the discharge and grain size. 

Since both Queen Creek and Sanokai Wash may bring significant sediment into the 
reaches under study, the second approaches were used for the calculations. 

Selection of Transport Equation 

Equations to be used for a particular application should be selected according to the 
size of the bed material that the equations are suitable to. Numerous equations has 
been developed for gravel-bedded channel or sand-bedded channels. Unfortunateiy, 
few equations have been widely tested in natural channel. 

The Meyer-Peter Muller fomlula for bed load transport and Einstein suspended 
sediment transport equation has been used by Simons, Li and Associates, Inc. for 
equilibrium slope calculations for various rivers in Arizona. The Meyer-Peter Muiler 
formula is suitable for coarse bed-material channels. As stated in Sediment Transport 
Technology by Daryl B. Simons and Fuat Senturk, "significant discrepancies may 
occur when estimating sediment discharge in fine and medium sand-bed channels." 
Since the bed-material in both Queen Creek and Sanokai Wash is composed of fine 

!.. .*.. ,a sand or silt, this method was not selected in the equilibrium slope calculation for this 
project. Additionally, during the derivation of Einstein suspended sediment transport 
equation, the Karman constant, K, was assumed to be 0.4, which corresponds to open 
channel flow without sediment, which is not the case of Queen Creek and Sanokai Wash. 

Coefficients and parameter ranges for using 'fang's sediment transport equation for sandis 
been presented in FHWA HEC No. 20. This equation IS suitable for sand ranging from 0.1 to 
2 mm. This method was used for the equilibrium slope calculations for Queen Creek and 
Sanokai Wash channels for this project. 

Hvdroloqy and Hydraulics Models 

Equilibrium slopes were calculated corresponding to 2-year, 10-year and 100-year 
peak flows. The final hydrology models revised in Phase I of this project were used to 
generate the peak flows. 

Three hydraulic ~ o d e l s  were used in the equilibrium slope calculations. The Queen 
Creek steady flow model and the Sanokai Wash steady flow model received from 
FCD were used for the upstream sediment supply calculations. The steady-state 
QCISW model received from Kirkham Michael on April 11,2002. 



@ Equilibrium Slope Analysis 

For QC at EMF upstream Sanokai Wash, 100' bottom 
Return Period 2 10 100 
Unit Sediment Rate (ft21s) 0.0051 0.0071 0.01 11 
Unit Peak Flow (ft2/s) 10.79 13.83 20.96 
Equilibrium Slope 0.00147 0.00141 0.00123 

For QC at EMF upstream Sanokai Wash, 200' bottom 
Return Period 2 10 100 
Unit Sediment Rate / (ft2/s) / 0.0051 1 0.0071 1 0.01 11 
Unit Peak Flow /(ftzlsll 5.75 7 '1 28 
Equilibrium Slope 1 OC026 1 050252 1 COO216 1 

For SW at EMF downstream Higley, 110' bottom 
Return Period 2 10 100 
Unit Sediment Rate (ft21s) 0.1473 1.1216 2.2528 

Unit Peak Flow ( ft zls ) 2.81 12.56 22.21 
Equilibrium Slope 0.01117 0.00928 0.00833 

For QCISW at EMF downstream Sanoka~ Wash, 200' bottom 

a Return Period 2 10 100 
Unit Sediment Rate (ft2/s) 0 1524 1 1288 2 2639 
Unit Peak Flow (ft2/s) 6 98 12 35 21 37 
Equilibrium Slope 0 0055 0.00943 0 00861 

For QCISb 
Return P- 

Unit Sediment Rate I (ft21s) / 0.1524 I 1.1288 I 2.2639 / 
I l l n r ~ a s k  Flnw 1 lf?ls\ 1 12 74 1 77 87 1 71 fi I ".... . ".... . .-.. I ,.- ' - 7  I . I - .  - 
Equilibrium Slooe I 1 0.00321 1 0.00578 1 0.00854 / 







Equilibrium S lope  Calculation for QCISW at EMF 
Prepared by Primatech, LLC 29-Apr-02 

Reference: FHWA HEC No. 20. March 2001 

For 100-year Flow 
The Coefficients Fit to Yang's Sediment Transport Equation For Sand 

a=0.025n ~ z . ~ ~ - o . ~ I ~ ~ ~ c ~ ~ ~ I ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - I . ~  

b=4.93-0.741og(D50) ', 

c=-0.46+0.651og(D50) 

For Queen Creek Upstream of EMF 
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Sediment Transport Capacity For QC Upstream of EMF 

qs=avbyc (V and Y are from Base QC HEC-RAS) 

For QC at EMF upstream Sanokai Wash, 100' bottom 
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Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 

For QC at EMF upstream Sanokai Wash, 200' bottom 
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Equilibrium Slope For QC at EMF upstream Sanokai Wash, 200' bottom 
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3(c-b) - 
q s  

q From HEC-RAS modified by KM 

.IJii*:~.,:.:,.:3...i ..,,..... I,.: . ..;. . . .  

':,. . .. .. %vr 

q From HEC-RAS modified by KM 
KU 
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For Sanokai Wash Upstream of Higley 
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Sediment Transport Capacity For SW Upstream of Higley 
4.=avbyc (V and Y are from Base SW HEC-RAS) 

For SW at EMF downstream Higley. 110' bottom 
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Equilibrium Slope For SW at EMF downstream Higley, 110' bottom 

For QCISW at EMF downstream Sanokai Wash, 200' bottom 
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Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
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s = -  
% td<:,, : y&'& 1.486 

q From HEC-RAS modified by KM 

a2 b2 C2 4 Ku 4. n Seq 

I I I I. I I 

- 

Equ~l~br~um Slope For QC/SW at EMF downstream Sanoka~ Wash, 86' bottom 

For QCISW at EMF downstream Sanokai Wash, 86' bottom 
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Equilibrium Slope Calculation for QClSW at EMF 
\%*)- Prepared by Pr~matech, LLC 29-Apr-02 

Reference: FHWA HEC No. 20, March 2001 

For 100-year Flow 
The Coefficients Fit to  Yang's Sediment Transport Equation For Sand 

a=o,025n(2.3s-o.a~~(~~~)) (~50-0.07)-' 

b=4.93-0.741og(D50) ', 

c=-0.46+0.651og(D50) 

For Queen Creek Upstream of EMF 

I n I D50 ( at bl CI 

Sediment Transport Capacity For QC Upstream of EMF 

q s = a v v  (V and Y are from Base QC HEC-RAS) 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100r bottom 

4 

For QC at EMF upstream Sanokai Wash, 100' bottom 

q From HEC-RAS modified by KM 
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For QC at EMF upstream Sanokai Wash, 200' bottom 
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For Sanokai Wash Upstream of Higley 

I n 1 D50 1 a, bl CI I 

q From HEC-RAS modified by KM, 

Sediment Transport Capacity For SW Upstream of Higley 

4. 
(ftLls) 

O . O . . l .  

q s = a v V  (V and Y are from Base SW HEC-RAS) 

Equilibrium Slope For SW at EMF downstream Higley, 110' bottom 
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For SW at EMF downstream Higley, 110' bottom 
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Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
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For QClSW at EMF downstream Sanokai Wash, 200' bottom 
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0.51 

n 

0.0200 

CZ 

-1.083 - 

a2 

9.808E-06 

050 

(mm) 
0.11 

D90 

(mm) 
0.51 

bz 

5.639 

n 

0.0200 



1 al&q-r qs 12i 

s = -  i(c-b) - 
,:>:>. ,: 
\s&& 1.486 

q From HEC-RAS modified by KM 
a, b2 cz q KU q, n Se, 

(@Is) (PIS) 
9,808~~06~:;  1 :  5,&3g : . . ' ?  . ' :"-j:;~ag;.; . .. ,:: 21.37 1.486 2.2639 ' ;.'.@~QZ@O%; . . ... -... -A; 0.00722 

For QCISW at EMF downstream Sanokai Wash, 86' bottom 

I D90 n D50 az i bz C2 I 

Equilibrium Slope For QCISW at EMF downstream Sanokai Wash, 86' bottom 

1.486 
a From HEC-RAS modified bv KM 



Prepared by Pr~matech, LIC , - ,  * 
Reference: FHWA HEC No. 20, March 2001 

For IO-year Flow 
The coefficients Fit to  Yang's Sediment Transport Equation For Sand 

a=~,02~n~2.3~~8109(D50))(~~oOo,07)-1.4 

b=4.93-0.74Iag(D50) 
c=-0.46+0.65log(D50) , 

For Queen Creek Upstream of EMF 

[ n 1 DSO I a, b, ; I c1 

Sediment Transport Capacity For QC Upstream of EMF 

qs=avbyc (V and Y are from Base QC HEC-RAS) 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 

For QC at EMF upstream Sanokai Wash. 100. bottom 

q From HEC-RAS modified by KM 

cz 

-0.773 

Equilibrium Slope For QC at EMF upstream Sanokai Wash. 200. bottom ,,*;* 
I .* I 

b2 

5.286 

For QC at EMF upstream Sanokai Wash. 200' bottom 

I 

a2 

9.788E-06 

DSO 

(mm) 

0.33 , . . . 

D90 

(mm) 

0.70 

n 

0.0300 

I b2 az C2 D50 D90 n 



For Sano~ai Wasn Upstream of Higley 
1 n I n ~ n  I a. I b. I c. I 

i:-,.* q From HEC-RAS modified by KM 

Sediment Transport Capacity For SW Upstream of Higley 
qS=avbyc (V and Y are from Base SW HEC-RAS) 

Equilibrium Slope For SW at EMF downstream Higley, 110' bottom 

4s 
(fizis) 

. . Oi0071: . 

Ku 

1.486 

For SW at EMF downstream Htgley, 110' bottom @ D90 
2 

mi 
q From HEC-RAS modified by KM 

q 
(ffis) 
7.00 

n 

: 0.03!0: 

Cz 

4,773i.. . .:: 

a2 

: , , ,. gi:Z88E-OE , . .. . . . . 

cz 

-1.083 

Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
I ." I 

Se, 

0.00262 

b2 

: 5.286 

b2 

5.639 

For QClSW at EMF downstream Sanokai Wash, 200' bottom 

a2 

3.528E-05 

D ~ O  

(mm) 
0.1 1 

(mm) 
0.51 

C2 

-1.083 

n 

0.0300 

b2 

5.639 3.528E-05 

D50 

(mm) 
0.11 

D90 

(mm) 
031 ' 

n 

0.0300 



lSq = [;)3(c-b) qF[&)21 
a From HEC-RAS modified bv KM 

Equilibrium Slope For QCISW at EMF downstream Sanokai Wash, 86' bottom 

1.486 
a From HEC-RAS modified bv KM 



(A Equilibrium Slope Calculation for QCISW at EMF 
. . .. , , ..,., ,\.*"'! 

Prepared by Primatech. LLC 

~eference: FHWA HEC No. 20, March 2001 

For 2year Flow 
The Coefficients Fit to Yang's Sediment Transport Equation For Sand 

a=0,025n(2.3w a109(D50))(~50-0,07)-1.~ 

b=4.93-0.741og(D50) ', 

c=-0.46+0.65log(D50) 

For Queen Creek Upstream of EMF 

r n I DSO ( a, b~ CI 
I I 

Sediment Transport Capacity For QC Upstream of EMF 

q S = a v v  (V and Y are from Base QC HEC-RAS) 
1 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 
1 

For QC at EMF upstream Sanokai Wash, 100' bottom 

I 

q From HEC-RAS modified by KM 

cz I b2 

For QC at EMF upstream Sanokai Wash, 200' bottom 

a2 

.r -L 

.:.. .&+ 

.. 

D50 D90 n 

C2 

-0.773 
< 

b2 

5.286 

a2 

9.788E-06 

D50 

(mm) 
0.33 

- D90 

- (mm) 
0.70 

n 

. 3 .  



Equilibrium Slope For QC at EMF upstream Sanokai Wash, 200' bottom 
I I 

Sediment Transport Capacity For SW Upstream of Higley 
q,=avbyc [V and Y are from Base SW HEC-RAS) 

KU 

I q rrom ~EL-KAD rnuull~eu oy KIVI 

For Sanokai Wash Upstream of H~gley 

Equilibrium Slope For SW at EMF downstream Higley, 110' bottom 

I I I ift'ls) I I (ftLIs) I I 
9. q 

CI 

-1.191 

For SW at EMF downstream Higley, 110' bottom 

q From HEC-RAS modified by KM 

c2 a2 

bl 

5.762 

n b2 

ai 

1.230E-03 

n 

0.042 

cz 

-1.083 

Se, 

D50 

(mm) 
0.075 

For QCISW at EMF downstream Sanoka~ Wash, 200' bottom 

a, 

3.528E-05 

D50 

(mm) 
0.1 1 

D90 

(mm) 
0.51 

b2 

5.639 

n 

0.0300 

cz 

-1.083 

b2 

5.639 

az 

3.528E-05 

D50 

(mm) 
: 0.11 

D90 

(mm) 
0.51 

n 

0.0300: 



q From HEC-RAS modified by KM 

az b2 c2 q Ku 9s n Seq 

.. (PIS) (ff/s) 
!"33;t528,E:o ':i lgi5i&'@fW ' W Z : :  1'1Q8.3 6.98 1.486 i:$'$:'@;fSZ$..??; : a@<@@@Q+$ 0,00550 : .. ... ., ..,. :.6!4,2bm: .,,. ,. ,** g'?;.::.. -.,,: w*n<:.:.* -.. . . F.?&:C? .' i.", :- 



Equilibrium Slope  - No Upstream Sediment Supply 
\:<,A,+.* 
%" Prepared by Primatech, LLC 30-Apr-02 

Reference: FHWA HEC No. 20, March 2001 

For 100-year Flow 
Meyer-Peter Muller Equation for Beginning of Transport 

For Queen Creek U~stream of EMF 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 

For QC at EMF upstream Sanokai Wash, 100' bottom 

Dso and Dgo 

in meter From HEC-RAS 

D50 D90 

modified 

n 

For QC at EMF upstream Sanokai Wash, 200' bottom 

0.0300 0.33 

(mm) 

Equ~libnum Slope For QC at EMF upstream Sanokar Wash, 200' bottom 
q From HEC-RAS modrfied by KM 

"1 1.28 60.100 

(mm) 

For Sanokar Wash Upstream of Higley 

. 

For SW at EMF downstream Higley, 110' bottom 



Equilibrium Slope For SW at EMF downstream Higley. I I O  bottom 
q From HEC-RAS modified by KM 

For QCiSW at EMF downstream Sanokai Wash, 200' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0.1 1 

0.0300 : 090=(0.7+0.44+0.4+0.48)14= 0.505 

. Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
q From HEC-RAS modlfied by KM 

21.37 60.100 

For QCISW at EMF downstream Sanoka~ Wash, 86' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0 11 

0.0300 D90=(0.7+0.44+0.4+0.48)/4= 0 505 

Equilibrium Slope For QCISW at EMF downstream Sanokai Wash, 86' bottom 
a From HEC-RAS modified by KM 



@ Equilibrium Slope - No Upstream Sediment Supply 
,;.- .<"?>.. .<., ,,,>us Prepared by Primatech, LLC 30-Apr-02 

Reference: FHWA HEC No. 20, March 2001 

For 100-year Flow 
Meyer-Peter Muller Equation for Beginning of Transport 

For Queen Creek Upstream of EMF : 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 

For QC at EMF upstream Sanokai Wash, 100' bottom 

S, = K, 5/14 617 

(DB) q DsO and DSO 
in meter q From HEC-RAS modified by KM 

For QC at EMF upstream Sanokai Wash, 200' bottom 

0.0200 

D50 D90 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 200' bottom 
q From HEC-RAS modified by KM 

11.28 60.100 0.00008 0.00012902 

n 

For Sanokai Wash Upstream of Higley 

(mm) 

For SW at EMF downstream Higley, 110' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 

0.0200 D90=(0.7+0.44+0.4+0.48)/4= 

(mm) 



Equilibrium Slope For SW at EMF downstream Higley, 110' bottom 

. . q From HEC-RAS modified by KM 

22.21 60.100 0.00001 5.1648E-05 

For QCISW at EMF downstream Sanokai Wash, 20@ bottom 

(mm) D50=(0.19+0.075+0.075+0.1)/4= 0.11 
0.0200 0.11 ! 090=(0.7+0.44+0.4+0.48)/4= 0.505 

Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
a From HEC-RAS modified bv KM 

For QCISW at EMF downstream Sanoka~ Wash, 86' bottom 

D50=(0.19+0.075+0.075+0.1)14= 0 11 

0.0200 D90=(0.7+0 44+0.4+0.48)14= 0.505 

i Equilibrium Slope For QCISW at EMF downstream Sanokai Wash, 86' bottom 
q From HEC-RAS modified by KM 

a I Ku 1 S,. I 



. .5zg 
Equilibrium Slope - No Upstream Sediment Supply 

..* .,>.. .... %,? ~.,;,. 
Prepared by Primatech, LLC 29-Apr-02 

Reference: FHWA HEC No. 20, March 2001 

For 10-year Flow 
Meyer-Peter Muller Equation for Beginning of Transport 

For Queen Creek Upstream of EMF ., 

For QC at EMF upstream Sanokai Wash, 100' bottom 

0.0300 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bofiom 

Dm and 

S, = K, D,, in 
meter . ,- , I 

a 1 Ku I S.. 1 
q From HEC-RAS modified by KM 

For QC at EMF upstream Sanokai Wash, 200' bottom 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 200' bottom 
Q From HEC-RAS modified by KM 

For Sanokai Wash Upstream of Higley 

D50 
(mm) 
0.33 

D90 

(mm) 
0.70 

For SW at EMF downstream Higley, 110' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0.11 

. . 0.0300 0.11; . , 
D90=(0.7+0.44+0.4+0.48)/4= 0.505 

n 

0.0300 

Equilibrium Slope For S W  at EMF downstream Higley, 110' bottom 
:>. 24 9 q From HEC-RAS modified by KM 

1, q Ku 1 S, - I 



For QCISW at EMF downstream Sanokai Wash, 200' bottom 

D50=(0.19+0.075+0.075+0.1)14= 0.1 1 

0.0300 D90=(0.7+0.44+0.4+0.48)14= 0.505 

Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
Q From HEC-RAS modified by KM 

For QCISW at EMF downstream Sanokai Wash, 86' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0.11 

0.0300 090=(0.7+0.44+0.4+0.48)/4= 0.505 

Equilibrium Slope For QClSW at EMF downstream Sanokai Wash; 86' bottom 
q From HEC-RAS modified by KM 

i, 

22187 60.100 



Equilibrium Slope - No Upstream Sediment Supply 
,.. j..i i.. .q&@ 

Prepared by Primatech, LLC 30-Apr-02 

Reference: FHWA HEC No. 20, March 2001 

For 2-year Flow 
Meyer-Peter Muller Equation for Beginning of Transport 

For Queen Creek Upstream of EMF .. 

For QC at EMF upstream Sanokai Wash, 100' bottom 

1 For QC at EMF uostream Sanokai Wash. 200 bottom 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 100' bottom 

Equilibrium Slope For QC at EMF upstream Sanokai Wash, 200' bottom 
q From HEC-RAS modified by KM 

D50 

(mm) 
0.33 

D90 

(mm) 
0.70 

q 

I 10.79 

For Sanokai Wash Upstream of Higley 

n 

0.0300 

For SW at EMF downstream Higley, 11 0' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0.1 1 

D90=(0.7+0.44+0.4+0.48)/4= 0.505 

1017 917 (D,) n 
D,, and 

S, = K, 5/14 617 D,, in 
0%) q meter q From HEC-RAS modified by KM 

# Equilibrium Slope For SW at EMF downstream Higiey, 110' bottom 
r,, 3 
$;$ q From HEC-RAS modified by KM 

1. q Ku Sw I 

0.00012902 

KU 

60.1.00 

Seq 

0.00014 



For QCISW at EMF downstream Sanokai Wash, 200' bottom 

D50=(0.19+0.075+0.075+0.1)/4= 0.11 

0.0300 D90=(0.7+0.44+0.4+0.48)/4= 0.505 

Equilibrium Slope For Reach at EMF downstream Sanokai Wash, 200' bottom 
q From HEC-RAS modified by KM 

60.100 

For QCISW at EMF downstream Sanoka~ Wash, 86' bottom 

D50=(0.19+0.075+0.075+0.1)14= 0.1 1 

0.0300 0.11 D90=(0.7+0 44+0.4+0 48)/4= 0.505 

Equrlibr~um Slope For QCISW at EMF downstream Sanoka~ Wash, 86' bottom 
q From HEC-RAS modified by KM 

i * "-I 
13.74 60.100 0.00003 5.1648E-05 
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E N G I N B B R S  li C O N S U L T A N T S  

To: - FROM 

NAME: BARRY LING NAME: GEORGE LOPEZ-CEPERO 

COMPANY: KIRKHAM MICHAEL DATE SENT: 05/02/02 

ADDRESS: 9201 NORTH 251HAv~., SUITE 195 PROJECT NO.: M F c O ~ ~  
PHOENIX, AZ. 85281 
PHONE: 602-944-6564 
FAX: 602-944-6592 

RE: EMF 
FLooo CONTROL CONTRACT : FGD 2000C040 
EQUILIBRIUM SLOPE RESULTS 

FOR APPROVAL X AS REQUESTED FORYOURUSE 

-- 9 FOR YOUR FILES 0 RETURNED 0 REVIEW 

Pansmi l  king Elerewifh~' 
Attached is the equilibrium slope analysis results. Once you have had a chance to 
review, let's discuss how the results affect the design of the Chandler Heights Basin and 
channel. 

d *2? 

I 
L 

- 

- n n n , ,  



PRIMATECH PAGE 02/03 

E N G I N E E R S  B C O N S U L T A N T S  
May 2,2002 

Mr. Barry Ling 
Project Manager 
Kirkham Michael 
9201 N. 25' Avenue 
Suite 195 
Phoenix, Az. 85021. 

SUBJECT: East Maricopa FIoodway 
Chandler Heights and Rittenhouse Basins 

RE: Equilibrium Slope 

Dear Mr. Ling: 

Primatech has completed the evdmtion of the equilibrium slope for the design of the 
Chandler Heights Basin. The equilibrium slope is one for which there i s  a balance 
between the incoming and outgoing sediment discharge. We have also provided the 
"stable" slope. The "stable" slope is one for which there is no sediment wansportation 
The resultant values are tabled below. These slopes are based on a i\/Imka's "n" of 

7 

0.03 and n supply sediment volume as dekrmined in the VEST report. 

I .  Queen Creek Channel with 100' bottom width 
Discharge 
F'requency Equilibrium Slope 

2. Queen Creek Channel with 200' bortom width 
Discharge 
Frequency Equilibrium Slope 

2-yr. 0.0026 
1 0 - ~ r  0.00262 
100-yr 0.00216 

3. Sanokai Wash 
Discharge 
Frequency ~~hlibrium Slope 

2-yr. 0.01 117 
10-yr 0.00928 
100-yr 0.00833 

Stable Slope 
0.00025 
0.0002I 
0.00014 

Stable Slope 
0.0001 1 
0.00003 
0.00002 



PRIMATECH 

4. Combined Queen Creek and Sonokai Wash, 200' bottom width 
. . Dischxge 

Frequency Equilibrium Slope Stable Slope 
2-yr. 0.0055 0.00005 
10-yr 0.00943 0.00003 
100-yr 0.00861 0.00002 

5. Combined Queen Creek and Sonokai Wash, 86' bottom width 
Discharge 
Frequency Equilibrium Slope Stable Slope 

2-yr. 0.00321 0.00003 
10-yr 0.00578 0.00002 
100-yr 0.00854 0.00002 

Once you have had an opportunity to review these results, I would like to discuss what 
they mean in terms of the design of the channels and side weir at the Chandler Heights 
basin. 

Sincerely, 

@ F - h - C -  G. ~opez-~epero 

File: MFC027.100 



CONSULTING ENGINEERS 
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Chandler Heights Maximum Scour Depth for Lateral Weir Plunge Pool 

peak discharge over weir' Q = 3225 cfs Lateral Weir Elev 1307.00 ft 
weir length b = 800.0 ft Queen Creek (reservoir depth)' 1308.56 ft 

unit discharge q = 4.0 cfslft Chandler Heights Basin (tailwater) 1297.40 ft 

Basin Plunge Pool Scour Depth 

d, = 1.32~,".225~''~ (from Design of Small Dams, sec. 210, eqn. 26) /' 
where: 
d, = max depth of scour below tallwater 

H, = head, from reservoir to tailwater H,= 11.16 
q = unit discharge 

Maximum Scour, d, = 4.82 ft 

'from HEC-RAS Unsteady-state model 

..: 

CHts - Plunge Pool Scour.xls Plung Pool Scour 



. 
th for step side of lateral weir. 

;$kneel is de*gned, drop , W r e s  but has been adapted to d y r m i n  mi,nimumapron "'9 
ared to o".rsil wid* *ide 

lateral was to deWmlne satisfadoW des'gn. 
~ i ~ i ~ ~ ~  apron lengths are corn? 

Federal Highway 
mflon Hydmu,ic Engimedng cjNul.r 14 - ~ ~ d r a u ~ i c  Design ofE"e"i Di~siPat~fiforcu~veris and Chan'e's septembeL 1983' 

Reference: 

. . 

. . 
512012003 2:33 P M 

I 

C H ~ ~  weir iength.xls HEC-14 Memod 
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. . IX-A. STRAIGHT DROP STRUCTURE 

A g e n e r a l  des ign f o r  a s t i ' l l i n g  bas in  a t  t h e  t o e  of a drop s t r u c t u r e  was 
developed by ' t he  A g r i c u l t r a l  Research S e r v i c e ,  S t .  Anthony F a l l s  Hydraul ic  
Laboratory,  Univers i ty  o f  Minnesota (IX-A-1). The b a s i n  c o n s i s t s  of  a 
h o r i z o n t a l  apron wi th  b locks  and sills t o  d i s s i p a t e e n e r g y . .  Ta i lwa te r  a l s o  
i n f l u e n c e s  t h e  amount of  energy d i s s i p a t e d .  The s t i l l i n g  b a s i n  l e n g t h  computed 
fo r  the minimum t a i l w a t e r  l e v e l  r equ i red  f o r  good pecformance may be  inadequate  
a t  high t a i l w a t e r  l e v e l s .  Dangerous scour  of the  downstream channel may occur 
i f  t h e n a p p e  i s ' s u p p o c t e d s u f f i c i e n t l y  by high t a i l w a t e r  s o  t h a t  i t  l e n d s  beyond 
t h e  end o f  t h e  s t i l l i n g  bas in .  A method f o r  computing t h e  s t i l l i n g  b a s i n  l eng th  
f o r  a l l  t a i l w a t e r  l e v e l s  is presented.  

: 
The d e s i g n i s  a p p l i c a b l e  t o  r e l a t i v e  h e i g h t s  of f a l l  r a n g i n g  from l.O(ho/yc) 
t o  15(h,/yc) and t o  c r e s t  l e n g t h s  g r e a t e r  than 1 .5yc. . Here.ho i s  t h e  
v e r t i c a l  d i s t a n c e  between t h e  and t h e  s t i l l i n g  b a s i n - f l o o r , a n d  yc is - t h e  c r i t i c a l  depth  of  flow a t  t h e  c r e s t .  The s t r a i g h t  drop s t r u c t u r k  is 
e f f e c t i v e  i f  t h e  drop. does not: 'exceed 15 f e e t  and i f  t h e r e  is. s u f f i c i e n t  
t a i l w a t e r .  

There a r e  s e v e r a l  e lements  which must be cons ide red  i n  t h e  des ign  of  t h i s  - . 

s t i l l i n g  b a s i n .  These i n c l u d e  t h e  l eng th  o f  bas in ,  t h e  p o s i t i o n  and s i z e  of 
f l o o r  b locks ,  the  pos . i t ion .and h e i g h t  of  end sill, t h e  p o s i t i o n  of  t h e  
wingwalls, and the  approach.channe1 geometry. F igure  IX-A-1 i l l u s t r a t e s  a 
s t r a i g h t  drop s t r u c u t r e  which p rov ides  adequate  p r o t e c t i o n  f r b m  scour  i n  t h e  
downstreein channel.  , .  

DESIGN PROCEDURE 

1 .  C a l c u l a t e  t h e  s p e c i f i c  head i n  approach channel.. . . 

. .  H = yo + vo2 .............................................. .IX-A-I - 
29 

2. C a l c u l a t e  c r i t i c a l  d e p t h .  . 
yc = 2 H ................................................... IX-A-2 

3 

3. C a l c u l a t e  t h e  minimum he igh t  fo r  t a i l w a t e r  s u r f a c e  above the. f l o o r  of t h e  
bas in .  

. . 
y-j =,2.15 yc ................................................ IX-4-3 

4. C a l c u l a t e  t h e  v e r t i c a l  d i s t a n c e  o f  t a i l w a t e r  below t h e  crest. This  w i l l  
g e n e r a l l y  be a nega t ive  v a l u e  s i n c e  t h e  c r e s t  is used a s  a r e f e r e n c e  po in t .  

............................................. h2 = - (h - . y o ) '  IX-A-4 
. . 

.... 

1%-A-1 

. . 
~ ~ 





8. C a l c u l a t e  t h e  end sill h e i g h t ,  ( 0 . 4 ~ ~ ) .  

9. Longi tud ina l  sills, i f  used,  should  p a s s  through, not  between, t h e  f l o o r  
blocks.. These sills a r e  f o r  s t r u c t u a l  purposes and a r e  n e i t h e r  b e n e f i c i a l  

' . nor harmful hydrau l i ca l ly . .  . . .  

1 0 .  C a l c u l a t e  t h e  s i d e w a l l  h e i g h t  above t h e  t a i l w a t e r  l e v e l ,  (0 .85~ , )  

11. Wingwalls shou ld  be l o c a t e d  a t  an a n g l e  o f  45" wi th  t h e  o u t l d  c e n t e r l i n e  
and have a top  s l o p e  of 1 t o  1 .  

12. Modify t h e  approach channel a s  fo l lows:  

a. crest o f  sp i l lway  should  be a t  same e l e v a t i o n  a s  approach channel ,  

b.  bottom width should  be equa l  t o  t h e  sp i l lway  notch l e n g t h ,  W, a t  t h e  
headwal l ,  and 

. 
c .  p r o t e c t  wi th  r i p r a p  o r  paving f o r  a d i s t a n c e  upstream from t h e  headwall 

equa l  t o  t h r e e  t imes  t h e  c r i t i c a l  depth ,  y,. See c h a o t e r  I1 f o r  . . .- 
recommendations on r i p r a p  desiqn.  

. . 

13. No s p e c i a l  p r o v i s i o n  o f  a e r a t i o n  o f t h e s p a c e  beneath t h e  na&e is 
. r e q u i r e d  i f  t h e  approach channel  geometry is a s  recommended i n 1 2 .  -. 

So e 0.002 f t / f t ,  and the'downstream channel 
h a s  3: l  s i d e  s l o p e s  w i t h  a 10 f o o t  bottom. 

Normal depth o f  flow, yo = 3.36 ft. 

Normal v e l o c i t y ,  V o  = 3.7  f p s .  

V e r t i c a l  drop, h = 6 f t .  

Find: S t r a i g h t  drop s t r u c t u r e  dimensions 

w Solut ion:  

1 .  H = 3.36 F t  + (3.7 fps)'  = 3.57 f t .  

. 2 X 32.2 f t / s e c 2  



(2/3) (3.57,.fr .)  = 2.38 f t .  . . 
2, yc = 

3. y3 = 2.15 (2.38 f t . )  : 5.12 ft. 

4. h2 = -  (6.0 - 3.36) = -2.64 f t .  . ' 
. . 

5. ho = -2.64 - 5.12. -7.76 f t .  

The f loor  of the s t i l l i n g  basin is, therefore,  1.76 f t .  belo* the 
grade l i n e  of the downstream channel. 

. . 

6 .  ho/yc : -7:76/2.38 = -3.26 
h2/yc = -2.64/2.382 -1.11 

~ r o h  ~ i g u r e  IX-A-2 
. . 

L1/yc = 3.95 . . 

. L q :  9.40 f t .  
, . . L2 ,= 0.9 yc = (0.8)(2.38) : 1.90 f t .  

. , .  

L3 - > 1.75 yc = 1.75(2.38) = 4.1,-ft .  o r  4.20, f t .  
Lg : 9.4a + 1.90 + 4. '20=15.50  f t .  

1, 

7. Proportion f loo r  blocks ' . 

a. Height = 0.8 yc : 0.8(2.38) = 1.90 f t .  
. , 

, . 

b. Width r 0.4 yc = 0.4(2.38) = 0.95 f t .  

Spacing r 0.4 yc = 0.4(2.38) = 0.95 f t .  

i ., 8.'. Calculate end sill  height  = 0.4 yc = 0.4(2.38) = 0.95 f t .  , , 

9. use longi&dinal ,  sil ls passing through the' f loor  b locks .  

'10. Calculate s idewall  height  above ta i lwater  . . t i '  

- .  = 0.85 yc = 0.85(2.38) = 1.90 f t .  

. , ? I .  Locate r ingwalls  a t  45" angle with out le t ' . center l ine .  

22.  Protect approach ch'annel with r iprap  o r  paving for  7.14 f t .  
- 

( 3  X 2.38) upstream of  the headwall. 
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* IXM KIRKHAM 
MICHAEL Omaha + Des Moines + Denver 

Phoenix * Ellsworth & Louisburg, KS - 
CONSULTING ENGINEERS www.kirkham.com 

To: DonRerick 
Subject: EMF project 
Job Number: 01 12925 

Memorandum 

From: DAV 
Date: 1111 1103 

Don: 

In response to your email received 11/5/03 -12:OO p.m. (our responses are in bold italics - see below): 

Dave, after much discussion and review of the cost data, the plan details from a design, constructability and cost 
perspective, and with input from Lucia and Dennis for the K&G, we have the following comments and inquiries. 

The most important unit cost is that for the grouted rock. 

What is the basis for the $200/cy? ADOT Construction Costs, price quotes from rocksuppliers, 
labor estimates. 

What research, backup and correspondence do you have in support of this number. See attached. 

What quarries have been contacted and quarries are there locally regarding availability of such rock and 
the transport issues associated with such large rock? Suppliers contacted - see attached (each 
supplier contacted uses one or more local quarries). 

This needs to be provided in support of this unitcost number. Ok. 
The unit cost components would include at a minimum: Price quoted from suppliers was total formaterial 
delivered. 

rock cost at the quarry source, and what source locations are assumed. 

'o transport costs as there will be many truck loads given the rock size, and versus rock source 

handling and unloading costs at the site. 

handling and placement costs into place in the structure itself. 

grout placement, volume assumption and finishing. 

In the Consultant Guidelines under 14.3.3.1 we look to our consultants to provide the best numbers possible, and 
because of the importance of this particular number, such information and backup data is necessary for the. 
project notebook. Due to sizeable nature of this projecf, the quantities of maferial and earfhwork needed, 
the amount of time beforeconstruction begins, the timeframe in which the project will be constructed and 
fhe variable nature of unit costs and con'struction methods over time, we feel we haveprovided a unit cost 
forgroufed rock which wfllprovide the Counfy with ample room for competitive bidding by contracfors 
during the bidding process.' The estimate, $200 per cubic yard for "grouted rock", defines .the cost for 
structure-in-place and includes three pa*: Material cost and transport for boulders, material cost for 
grout and labor (see attached). 

Also, a Dso = 1 8  dumped riprap unit cost is not provided, and this affects the cost for structures 1 and 2. Use 
same unit price as for Dso=12". 

~\01\0112925 -EMF DSN\DOCWS\CORRESPONDENCE\MEMDON RERICK RESPONSE TO ITEMS 031 105 DOC 

9201 North 25th Avenue + Suite 195 Phoenir, AZ 85021 (602) 944-6564 FAX (602) 944-6592 



" RM KIRKHAM 
MICHAEL 

Omaha Des Moines Denver 
Phoenix + Ellsworth & Louisburg, KS - 

CONSULTING E N G I N E E R S  www.kirkham.com 

QUANTITY AND COST SPREADSHEET FOR CONCRETE STRUCTURES - 
Why is the "Structure Area" square feet for these structures less than that presented in the table for the grouted 
rock structures? Corrected - see attached. 

PREVIOUS USE OF SUCH STRUCTURES - 
You have said that K-M has designed and constructed similar structures of this type in Colorado. What artist 
renderings or photographs do you have of these structures and how do they compare with the EMF structures? 
Please provide this information. These drop structures, though similar to those detailed by the UDFCD in 
that they are both sloping, grouted boulder drop sfructures, are an ada~fation of the Design constructed 
in Colorado; There is a photograph of a drop structure in Colorado in the "Drop Structures" section of the 
DC&AN and more pictures are included in the attachment. The website for the Urban Drainage and Flood 
Control District in Colorado is: htt~://wwwudfcd.ors/ 

P&S CONTENT FOR THE GROUTED ROCK STRUCTURE 
The SP's must identify the following: 

Use of a colored grout Dave Violefe has discussed this with you and modified the Sf's (see 
attached). 

Placement of the rock to minimize the exposed surface area of the grout. Will add to the Sf 's (see 
attached). 

Rock should be placed to maximize the variability of the exposed surface of the rock. Will add to the 
SP's (see attached). 

OTHER STRUCTURE ALTERNATIVES - After further discussion of the alternatives you listed below, we 
recommend ifem I. Adding reinforcement (rebar or welded wire fabric) to the structure as the boulders 
are placed and before grouting: 

1) Wll  not incur a major increase in cost, 
2) Will significantly strengthen the grout matrix. 

Possible reduction of boulder size back to 24" and 36" needs further discussion. 

In our discussions other structure options were discussed. Some were dismissed and three need input and 
feedback from K-M. 
1. Use of a reinforced grouted matrix be designed and placed to increase the grout matrix integrity and possibly 
reduce the rock size back to what was originally shown; in the 24" to 3 6  rock size. Reinforcement would be from 
#4 or #5 rebar laced throughout the grout area after rock placement. 
2. Concrete slab structure with a small D50 grouted river rock venire. 
3. Bury the approach and D/S aprons, using concrete instead of grouted rock. Maintain the large rock sill, and 
inclined slope rock surfaces. The interface between the concrete aprons and inclined rock slopes would need to 
be "tied" together. 
Please provide responses and backup data as requested. 
.............................................................................................................................. 

Regarding the SIDE WEIR CUTOFF WALLS; please refer to Warren's e-mail to you dated,Oct. 3 for the 
remaining previous comments still to be responded to. These are: 
I., Can 18" wide reinforced but trench formed cutoff walls be used in lieu of the formed 12" wide cutoff walls? 
2:If the 12" fomled walls are to remain, then the SP's must indicate specific backfill sequencing and care 
requirements. Thank you. 
Yes, 18" can be used. However, the contractor must excavate to remove unsuitable materialperSection 
9.4.1 of  the geotechnical report and that extends almost to the bottom of the, cutoff wall anyway. As a 
result, forming must be used. 

K:\01\0112925 - EMF DSN\DOCUMENTS\CORRESPONDENCEUMEMDONRERICK RESPONSE TO ITEMS 031105 DOC 

9201 North 25th Avenue + Suite 195 +Phoenix, AZ 85021 (602) 944-6564 + FAX (602) 944-6592 



d. Rights-of-way and easement information. 
e. Identification of hazardous materials. 
f. Design review and permitting requirements. 
g. Construction duration and schedule. 
h. Special project features, including unusual construction techniques, 

special materials, and/or conditions. 
i. Maps, sketches, calculations, and other supposing documentation as 

required. 
j. Recommendations for additional field surveys andfor soils investigations. 
k. ResuIts of the Value Engineering Session and the Constructability 

Analysis Session. 

14.3.3 CONSTRUCTION COST ESTIMATES 

14.3.3.1 The District is limited to award of construction coneacts that are no more than 
10% greater than the Construction Cost Ertimate provided by the Consultant, The 
Consultant shall make every effort to provide a realistic and accurate cost estimate 
within this 10% range. Preparation of the estimate shall include, but not be limited to 
the following: 

a. Using District and other agency historical bid tabulation information. 
b. Investigation of industry conditions as pertains to labor and material 

availability. 
c. Providing adequate calculations to support bid quantities. 
d. Providing adequate unit cost calculations for Lump Sum and Unit Price 

-. bid items. 

- .. 14.4 30% SUBMITTAL 
I : , 

14.4.1 Following the project kick-off meeting and the review of appropriate reports and 
studies, the ~o&$dtant  shall perform preliminary in"eitigation and calculations i 

. necessary to prepare the 30% Submittal. AU submitted items sh& be dated and 
marked "Prehrhary, 30% Submittal". The followidg su&ttals ihaqbeincluded: 

; . . ; i : .  * .  
: 14.4.2 i 

.. . ; .. : :.:. .. .:(. 1 
. , . . 

14.4.2.1 '". kdicaie existing topography. 
: .  . ..:,lh.d.b;ji. ~n$c,at&' lateral .alignment, planfprofde, cross-s&ti&; and haffic control 

. .,. t:. 
requirements. 

lp.4.2.3 Include the approximate size and configuration of project features. 
14.4.2.4 ' Indicae rights-of-way and easements required. 

. . . .. . . ,. ..<. 1'4.4.2.5 I , . . : . ' .. Indicate. ,.: ., .:. .. all utilities aorj identify conflicting. utilities that ,. are :: to be relocated 
. . and/or proteckd in relationship to$r6ject c&rol Gd m o n w n t  lines. 

~: : . :  
; . ,244.26 D e a  ne+ not be incl@ed. . . 

! ; . .<,, +. :.<, > .$"pi . .. m t  f o k  (ii); sets to thqDistrict for ieview. ' ~hes$ '&a~  be half-size or full size 
. . : . .  (I. 

is in the scope ofwork. . . 
"I.,,. * 'C* 1*'.., .;. :>::?, . ..: .>..$ ;. .. 

: . . & ,  
, 8 Submit 'cbpies +s reqtiired tb a project paib.$+;$b& o"tsidCagencies, and to 

,.; ,>.,, ,.: . <:2,; +. - 2 , ; ; .  ,$;,$;p;., - .',>~&~ , '. < .  .. . .: . muqciialitie$'fw %view o f  wafer Bnd se&r relocat~ns. Submit' sufficient . . 
.. . : , :< 

. ..< . . ,. '. ,& .. numbkr.of $lab &ti to the District fo; dis@b$tion'io all other utilities that may :. , . . . : . 
have contlicting utilities. 

-. _:. _ . . . ~Cbnsu[rMEGuideines. : .: ... 14.0 FIh'ALDESIGNAND CONSlllUCnONDOCUMEmS 
,&<<;.: rt;i?'.i ,,-., > -  '.,..". .'.&." . .  

, . ~ + c ~ . d ~ ~ & ~ - A d g ~ t i ; i ~ ;  . '. Flood CoritmE DindcfofKaticopa Counr) 
, ~ . ,,:.j:,:. :::2 ,>., >m:,*x7.: ... . .  \.. : ... .; : .,... :..\.4;.' . ... ;.. .: .; . -75- ,! ; *. ::;i*. ;.: , .., ,: 

., >*,.: ;. 
.. . . 

: . . .  *: ; . .  .. ;. ... . : .  . ,. :.., .. . . :: . .  . . . .  . .  . . ,  .. . .. < '  

. . . . 
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I 



. Estin 

P 

Page 1 



=L-.- - . - - . . - - . . - . . . . . - . .--- ---- ---- - . . - . . . .. .---..Lr 

tion Basin- Queen m ~ ~ c . . - . . . ~ - ~ ~ ~ - . - - - . . . , -  Creek Channelization - Boulder Estimate Page 1 1  - .-.---.-.w-.2T . . . - . - - - - 

From: cRKirk@metromatcom> 
To: <jkelley@kmphx.corn> 
Date: 9/15/2003 3:43:23 PM 
Subject: Chandler Heights Detention Basin - Queen Creek Channelization - Boulder Estimate 

Jason, 

Here are the pricesfor the boulders: 

24" boulders (18  to 30") (16,605 Tons) = FOB Plant is $43.75 I Ton; 
Delivered in rock tubs is $51.25 1 Ton 
36" boulders (30" to 42") (1 110 Tons) = FOB Plant is $43.75 /Ton; Delivered 
in rock tubs is $51.25 1 Ton 

If you have any questions, feel free to call. 
Thanks Jason. 

Rob Kirk 
809-0142 
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From: 
TO: 

Jason Kelley 
Kirk, Rob (Rinker) 

Date: 9/8/2003 11:00:57 AM 
Subject: Fwd: Chandler Heights Detention Basin - Queen Creek Channelization - Boulder 
Estimate 

Rob: 
I talked with Jim McBroom this morning and discussed the feasibility and availability of rock. It sounds like 
we will have to loosen up a bit on tolerance for boulder sizes and that quarried rock is going to supply the 
majority of what we need (as opposed to surface boulders or the like). Below is a new tonnage estimate 
based on my conversation with Jim (I was a too high at 2.5 ton per cubic yard). Using 1.8 ton per cubic 
yard we have the following: 

Size: Quantity: Quantity: 
30" 1810cy 3,300 tons 
36" 5160cy 9,300 tons 
42" 2225 cy 4,005 tons 
48" 420 cy 800 tons 
54" 170cy 310 tons 

Also, attached below is two *.pdf files of the general details and notes for design of the grouted boulder 
drop structures and the design of one of the drop structures. 

Please call me if you need any explanation of the details or notes and with any other questions. Thank 
you1 

Jason K. Kelley, P.E. ' 

Kirkham Michael &Associates, lnc. 
9201 North 25th Avenue, Suite 195 
Phoenix. Arizona 85021 

phone: (602) 944-6564 
fax: (602) 944-6592 
w\niw.kmphx.com 

>s> Jason Kelley 09/03/03 05:18PM >>> 
Project Chandler Heights Detention Basin - Queen Creek Channelization - FCDMC 
Location: Befween Queen Creek Road and Chandler Heights Road immediately adjacent to Higley Road 
(west side). 
€stimated.~ime To Construction: 2 years 

Please provide costs for: 
1) Material 
2) Tranport 

e For both: 
1) Surface Boulders 



-- - - -. . - . . - - 
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Detention Basin - Queen Creek Channelization -Boulder Estin~ate 
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C 2) Shot Rock 

In the following sizes: 

Size: Quantity: Quantity: 
30" 1810 cy 4525 tons 
36" ,5160 cy 12900 tons 
42" 2225 cy 5563 tons 
4 8  420 cy : 1050 tons 
54" 170 cy 425 tons 

Please provide cost breakdown (per ton, per truck, per hour etc.) 

Please advise if availability of a given size is an issue. 

, I used 2.5 tonslcy as a guess. Please adjust tonnage based on cy quantity if necessaly. 

Boulders can vary from the specified size by plus or minus 6" for each structure (i.e. If the structure calls 
for 36" boulders, the boulder size can be 30" to 42"). 

Thanksl 

@ ,;ason , ,ley, p., 
,Kirkham Michael &'Associates, Inc. 
9201 North 25th Avenue. Suite 195 
Phoenix, Arizona 85021 

phone: (602) 994-6564 
.,fax: (602) 9445592 
www.km~hx.com 

CC: Violette, David 
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From: a To: 
Jason Kelley 
Kirk, Rob (Rinker) 

DatC . 9/3/2003 5:18:06 PM 
Subject: Chandler Heights Detention Basin : Queen Creek Channelization - Boulder Estimate 

Project: Chandler Heights Detention Basin - Queen Creek Channelization - FCDMC 
Location: Between Queen Creek Road and Chandler Heights Road immediately adjacent to Higley Road 
(west side). 
Estimated Time To Construction: 2 years 

Please provide costs for: 
1) Material 
2) Tranport 

For both: 
1) Surface Boulders 
2) Shot Rock 

In the following sizes: 

Size: Quantity: Quantity: 
30" 1810 cy 4525 tons 
36" 5160 cy 12900 tons 
42" 2225cy 5563 tons 
48" 420cy 1050 tons 
54" 170 cy 425 tons 

Please provide cost breakdown (per ton, per truck, per hour etc.) 

Please advise if availability of a given size is an issue. 

I used 2.5 tonstcy as a guess. Please adjust tonnage based on cy quantity if necessary. 

Boulders can vary from the specified size by plus or minus 6" for each stmcture (i.e. If the structure calls 
for 36" boulders, the boulder size can be 3 0  to 42"). 

, 
Thanks!. 

? 

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

) phone: (602) 944-6564 
fajc (602) 944-6592 
www.kmphx.com 

~io le ie;  David 
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Home I eLandscapeMarl I ePoolMart I LandscapeTalk I information I Calendar I Directory I Message I Site Map 

Search Directory 

r w  
Type in a few letters of 
the company name you 
want to find men click 
GO! 

Phoenix - Granitef Rack and 
Sign up for our free 
Newsletter and BouBde~ Suppliers 
recelve information 
to help keep your MAIN I SUPPLIERSM GRANITE Is PHOEPIXXARIZOPIA 
landscape growin: . 

Click on to vlew detailed information about the comoanv. . , 

Are you in the 
1 Desert Rock Landsca~e Maferials, Inc, 

"Green" industrf. 
11243 Wills Road Main: 480-726-0114 

elandscaoe can heio Chandler, AZ 85249-1028 Fax: 480-726-0115 

yqu make'& lntemet 
presence. Click here We Sell To The, Landscaping Industry And The Do It ~ourselfer! 
to ieam more. Plus. 
make sure you sign . up for a FREE listing E l  Kalamazoo Materials Inc. 
ih our GROWIN* 6975 Morth Oracle Rd. Main: 520-616-0583 
Directory. Tucsgn, AZ 85704 Fax: 520-616-0586 
. . 

Kalamazoo Materials, Inc. quarries produce many different colors ofHigh Quality 
Granites for commercial and iesidentiai needs. Kalamazoo Materials, Inc. produces 
these granites to meet the qualiw, consistency, and long term needs of our 
customers. This is why Kalamazoo Materials, Inc. is the preferred choice when it 

landscaping with THE comes to selecting a granite source for your project; 
News series of 

H'AII Star Materials 

. , 

events and learn tips to 
'hei$ maintain your 

: ''landscape. 
Cooley Forest Products 
1930 West Broadway Road Phone: (6021 276-2402 ' 

Phoenix, AZ 85041 
. . 

Fax : (602) 276-2864 
: 

. . 
' S e e  us for ail your landscape material needs! 

Privacy Pledge 
T m s  of Use 
Site Man 

Havward Corooration 
.. 41oii w Honeycutt Kd 

Maricopa, AZ 85239 
Phone: 520-568-4747 

Fax: 520-568-3278 

WholesaleIRetaii rock products for landscaping or construction materials. Statewide 
, delivery, commercial, government, or residential accounts. 



&T ee Granite, Decoractive Rock and Boulder Suppliers h Phoenix, &rona 
.s - 
%--' 
-.L:* ?<- >.- 
a- 

. .- ..* 
Advertising 
Getusfed . 
Press Releases 

~hont?sF%S522 
/ Fax: 602-569-9240 

we c i r w  a lar & n % Z Z S L a  .cope rock 1.1 urllqua colors d n i  
p&Fed sod s e i e a  to enhwcc Ts V'mpt 
couni!ous servlce a i l i  nztionu'd? sliipping of oalr products Wc 

+ . md~mck.com 

Page 2 o f  3 

1 

Pioneer Landscaping Materials 
1801 s extension . Phone : 480-833-0441 
Mesa, Az 85210 Fax: 480-668-7550 

I We sell Decorative Stone, Boulders, Soils. We also accept dirt from excavation sites 
at the Hunt HWY & Gary pit. 

4250 N. Bush Highway Omce : 480-832-6677 
Mesa, AZ 85215 Fax: 480-830-9009 

Producers of Decorative Rock, Boulders and Crushed Stone Boulder Placement & 
Material Hauling 

P Rock Ranch Landscaoe Materials Inc. 
14112 EAST RIGGS ROAD 
CHANDLER, AZ 852249 

. ~ 

Phone : 4807201446 
Fax : 

COMPLETE UNE OF LAN1 DSCAPF MATERIAL WITH A RELAXED AND FRIENDLY 
ENVIRONMENT. BRING 1 HE KIDS!! 

f a Rock Sout-re I I C: d&b& !k& /-kt& . . - - . - - - - . - - - - - 7 

21401 N. 7th street ' phone: 613 780 0333 
Phoenix, AZ 85024 C9N&S€+5 Fax: 623 780 0336 

SUPPLIER OF DECORITIVE STONE AND G& I FLAGSTONE, MEXICAN -2- 
4NITE, SURFACE SELECT BOULDERS, 

I . 

Rockmart Landscaping Materials 
5520 E. Baseline Rd: 

.Mac= 6 7  QZ7"C 
Phone:480-832-8003 

, . .  
.!#Sun State  Rock Landscape Materials 

. . 11500 W. Beardsiey Rd Phone: 623-566-9800 
Sun City, AZ 85373 Fax: 623-566-6375 

decorative rock, granite, boulders, flagstone, planting Soil, crushed granite, soii 
mlxes, topsoil, river rock, cinders, riprap, landscapes, desert landscaping, fountains, 
Sun City, Phoenix, Arizona,Sun State Rock provides many different types of high 
quality rock and soil mixes for commercial and residential needs. Sun State Rock 
materials meet the quality, consistency, and long term needs of our customen. This 
is why Sun State Rock is the preferred choice when it comes to selecting a rock 

: materials source for your project. 

. . 
. . . . . .'. 

.,:, . ,.. . . To make changes to your listing, send e-mail to ourDirectory 
: .  i. ' 1 '  . . ._ , Master. Be sure to include a contact so we can verify the 

. . information. 

. . 

: , 

s . .  . . - 
. . 
. . .  . . .  : Do you want to get your companylisted? Click here to get your , . 

. .  . FREE listing in the directory. . . 

I 
I 



$*-%% 7 Arizona Rock Product Association on JNFOMINE 
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companies/ Countries Suppiiers Careers Pubtications Maps Home News Properties 

Inves%ment Events ~ ~ m m o d i t i e s ~ ~ u i ~ m e ~ t ~ ~ ~ ~ ~ ! ~ ~ ~ /  Professional Mining 
Specialists Bevefopment Technotogy eSiore'fours 

.About =Demo =Site Map .FAQ .Dictionary .Community .Contact Us 

1 .: 

I Buyer's Guide 
Your source of mining suppliers and services 

ARIZONA ROCK PRODUCT ASSOCIATION 
2020 North Central i Arizona Rock Product Association is 
#lo80 your supplier of. .. 

Suppliers Phoenix, Arizona 
United States, 85004 

k ~ e a r c h  ,Phone: +I602 271-0346 Oroanizations Associations ', 

k ~ d d f ~ d i t  Your Fax: f 1 602 255-0363 
Company b Worldwide Addressez (Click on the above links to find other 

.About companies offering these 
' Buyer's Guide supplies/services) I 

*~estimoniais . ' 

*'suppliers 
Pavllion * ,,,io. 

~ i t e m a t i v e  suppliers wi th comprehensive information: 

h ~ o u r s  
*Catalog 

Popular 
, Searches . , . 

*Blasting. . 
b' Concentrators 

. &Crushers 
Drililng 

. @ Excavators 
b~aboratory . . . 

, k ~ i n e r a l  
Processlng 
Safetv 

:. .Underground 
Vehicles . b Ventilation 

. ' . C6pyfght 1990 - 2003 1nfoMin.m.. Developed and mainlined by InbMine hc.  
. . 

. . . . I 



Mining Engineers Toolbox -Density of Various  ROC^ Types 
Page 1 of 1 

m 
Miner's Toolbox 

/~etallurgist's Toolbox - 
m 

Blasting 





, . ... . ., .-.- ,29 ,: 125.00 100.00 62.00 8 188 GI 261 H215701C PUNKIN CENZER-HP 265 
; 250. 89.50 85.00 87.00, S 69 W 275 H236905C POLAND JCT-HUKBOLT 

59 110.00 1dd.@0 75.00 U '160 HR 361 H328FCLC J&TION STATE ROUTE 98 
::: :- I... .. r';? 142 .,, .-F;:~ :100..00. . 7.5.00 110.00 0000 SC NM: SSB080lC PRANH REED RD.W.1-19-SR 8-19 

. 441 . iiyoo ~25.00 65.00 0000 PN PPN SS32801C PINS AVE TO ETHSNGTONROAD 
'l'DTAL ,. 921 

> ..>.. ,. .. % - ..:>TO~,AL 

ITEM 9&30@8 

. . 

.ili .. 

TOTAL 
'+.'% lZ,,l* 

EM"9130009 *s+ ' 

TOTAL 

8 188 GI 261 X215701C PUNKIN CENTER-MP 265 
8 87 MA 213 H230506C SYCAMORE CREEK-SUNFLOWER BEG E 
8 69' PV 275 H236905C POLAMI.JCT-HUIIBOLT 
S 366 011 126 N367601C TWILIGHT CREEK SLIDE 
8 366 GH 126 H367601C TWILIGHT CREEK SLIDE 

:ri . 
' - . - 62 !53~.50 ' jo'jbb 100.00 S 89A W ASP H093603C DEAD XOB9E.RANCH STATE PARK 

,372 b5.0'0' " 40;OO 64.00 8 I88 GI 261 H23.5701C PUNKIN CENTER-MP 265 . 
7 70.'DO 78 :PO 145:OO 1 40 CN 205 H381801C WALNUTiCANYON-WINONA'(EB) 

209 7O;OO 31.00 . 65.00 0000 SC NOG SS30QOlC PRANK-REED RD,W I-19-311 B-19 
1'6 -70;O.O 100.~00 70.00 0000 MA m?H 8934801C SAGUARO BLVD/SBEA-GRIINDE BLVD 

a':. .i3'566 i,:,,",~c?;, : , 

CU.XD.,, .RIPRAP (DLI~~PEP) (12*) . . " ."~ 8 ,.<. ."25';i9'2 ., . 
p i &  22i.00 27,OO 8 . :69 W 275 H236905C POLAND JCT-HUWBOLT 

.. . .256 .:215 ... yaC ~ . $ .  30 .OO 32h0 45.00 1 10 PM 252 8237801C RUTHRAUPP ROAD-MIRACLE MILE 
2L90 15.00 45.00 8 95 LA 155 H359701C NOTLEB-BILL WILLIAMS RIVER 

49%. 40.00 52.00 35.00 S 83 SC 003 H404101C SONOITA-PALOMINAS 
.. ,,63' 75.00 . . ,41.00 ..= 70.00 , 0000 SC NM: SS30801C FRANE REED RD,W I-19-SR B-19 
5;939 - .  . . 

.> . y . . l  .... ili 
as- 76.39 -3r. '85.00 

52.;06"" : '  .. .-'loOIoO .,, - -' ,"' 87.00 '9.. -69 :YV'-275 XU6905C POLAND JCT-HUHBOLT 
12 " 
254'-,..":: '..:',i..--. ..,, :>; .. .;: .. . . -. 85.00 0000 HA GLN SL37701C PASEO RACQUET CENTER PED. BR. 

* .. . > ,  
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ITEM 9130012A L.m; .IULIL BWC PRQTSCTION, TYPB 2 

100 215.00 .. ,. . - 2 9  00. 
200.00 

TOTAL ?yo . .. . . 

. . .  ITEM 9130037 Q D .  RFRRe ( . . . . . . 
1,680' 2i.00 3oioo. 20.00. 

TOFA& If680 , . 
ITEM 913~051 'cv.xo. , B I P ~  (DUMPED) .( 1 

8 260 W 219 8329501C PZNNIE P W T  ROAD ............ ........... ' .  .. .&i) : , - . .  ... . . . . .  . - .  . . ,., . ... .. . . . . . . . . . . . .  .<.: -..'C.;, >:. ; .,.:,.. >," 
- .  . ,. . . . . . . . . . .  .... .... ...."... - .. . ........ - >; ...> 

?:.: : ..:..-.... .* t., : ; .., .. . .-..-%. -i.,,;i-'r.~.B ',?":I.::. . ,..: .. 
0000 CN Em. SIi35.601C P~R~S~S~?BWZT.ZE~:~.WON DR.' 

................ 
S :89A ¶K ASP ~ 0 9 3 6 ~ 3 ~  D W L H O H S E  RANCH STATE.PAR~ 
S 87 M 213 H230506C SXWOR&:CRBm-SUNFL0WER:BEC E 
S -69 W 275 H236905C POLAND JCT-HUMBOLT;.. 
8 77 PN 110 H360401C MP.~l.10.9~rWrnOTH 

0000 GH OGH SE00902C SOLOMON BRIMiE 
0000 NA SNU SS33701C PAPEU MILL Ro TO 8TH ST. SOUTH 

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

I . .  

. . . . . .  
ITEM 9130052 . CU-XD. RIPRRP (DUMPED]. ( ' ) , . . 

- - . . .  . . 
. . :.:,. .*: - .: 

. . ' - .._I j.: .,.. :, :.: :<, * ' .. ".. " .  -." .".. ..; :.., 

264 80.25 60.00 72.00 8 89A 11V ASP H093603C DEADCHORSE.RANCH?STATE P M  
557 : ;6 30.00 46,Og 45i00 S 87 MA 213 H230506C SYCAHORE~CREER-SUNFLOWER SEG E 

60.00 50.00 100.00 U 160 NA 361 H328901C J.UNCTIONPSTA~'EIROUTE 90 
6 60.00 ,; 50.00 t00.00- U 160' NA 374 H329001C JUNCTION SR564 NAV. NATL MNMT 

6,000 "' 25.00'. 40.00 33.00 0000 GH GGH PEOOS02C SOLOMON BRIDGE 
TOTAL 6,833 

. . I ... . . . . .  ..... .:. . . . . . . . :  . . . . . . .  ITEM 9130053 CU.XD. RIPRAP (DUMPED) ( . -  : ...:... -.:..!$ .: i.. * .. . . .! 
;: ... . .:: - - ,.*. =: * C .  < .  . .... . . .  ., .?.. :.: ':;.::" ;. .'.,:. . . . . .  ~. ., 1.: 

3,699 39.09 35-00  28.PO 8 -3 213 ' H230506C SPCRMORE CREEK-SUNFLO~II BEG E 
TOTAL 3,699 .? . . . .  ,*; ' "." . . 

. ; . '  : 2 .  :. . ,_ :  . . . . . .  . . . . . .  ...: '.! . "  .. %,.. . . .  
ITEM 9130054 cV.p. , R~.F:%. . $ ~ ~ , @ ~ ? :  ( f 

lr933 .: 30.00 .. ,033.00 .. ... . .  TOTAL 1,933 .... 2 ;. ..*. .,L (i' 
28.,00 S . ,  y MA 212 H230506C 8PCAUORE CREEK-SUNFLOWER SEG E 

-..:i.. .< 
~ , ::,.;;>.'.P' 

.., ,; . !y' '' 

. a  .: ;-: . h 

. . % ITEU 9130055 : SQ-YD. R'~BAP.(GRO~~TED)'.(HI&D PL*&D~'. " ...... 
80 50.00 35.00 70.00 0000 MA CMI SS30301C GERHANN RD-AIRPORT B L W  

240 30.30 24.50 
TOT= 320 

70.00 0000 GIL SS34201C ELLIOT b LINDSAY ROADS 
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• KM KIRKHAM MICHAEL Client FCDMC 

9201 N 25th Ave, Suite 150, Phoenix AZ 85021 Project Queen Cr drop structures 
Phone.602+944-6564, FAX' 997-5980 Calculated by DAV 

Checked by JKK 
Date November 11,2003 

Estimate of: 
Cost of material and delivery, 
Labor and equipment costs for placement and groutlng of boulders in drop structures 

Assumptions: 
Individual boulders are approx 1 cy in size. 
Estimate placing 5 boulders per hour (one every 12 minutes) 
Equipment hourly rates were based on long-term rental 

~ - 
I Qtyl Units I Unit Cost I Amount 

-, $60.00 

Description 1 ~ t y l  Units I Unit Cost I Amount 
Boulders (delivered) 1 CY $16500 $165.00 

COST PERCY $165.00 

Description 1 ~ t y l  Units I Hourly rate I Amount 
m Crane or oicker. with overator, wet 1 E A $105.00 $105.00 

tonslcy $/ton 
2.2 $75.00 

1 COST PER CY $66.00 1 

(w 

The three items above breakdown as follows: 

Foreman i n d  ~jaboreis, incl pickup, wet 1 EA $125.00 $125.00 
Grout pump with operator, wet 1 E A 

TOTAL HOURLY COST 

The first part is material and transport cost for boulders at $165 per cubic yard ($75 per ton -see quotes). 
Assuming (conservatively) a 25% void ratio, then 75% of the structure-in-place is comprised of boulders: 
Thus, the net price for rock is (75% x $ 1 6 5 1 ~ ~  boulders) = $124 per cy structure-in-place. 

The second part is material cost for grout at $80 per cubic yard (calls to local suppliers). Per drop structure 
details in the plans, the structures are grouted to X the depth of the nominal boulder size. Assuming %the 
voids are taken up with grout: 
The net price for grout is (X x 25% x $80/cy grout) = $10 per cy structure-in-place. 

The third part is labor cost for placement and grouting of the boulders 
This value is listed and estimated above = $66 per cy structure-in-place 

Total unit price per cubic yard structure-in-place is: 
$124+$10+$66= -per cy. 

Also itemized (see Structure Estimate Details in the DC&AN) for each drop structure are: 
Cost for reinforced cut-off walls, gravel bedding layer, structural excavation and dumped rip-rap. 
These items, including the "grouted rock" quantity, comprise the lump sum cost for each drop structure. 

Page 1 of 1 



KIRKHAM 
MICHAEL Omaha + Des Moines + Denver 

Phoenix Ellsworth & Louisburg,KS 

a CONSULTING ENGINEERS 

Memorandum 

To: DonRerick 
Subject: Alternative drop structures 
Job Number: 01 12925 

From: Dave Violette 
Date: 11/11/03 

You requested that we pravide a rough cost estimate comparing grouted rock drop structures with 
concrete drop structures, using the same basic design. The attached tables provide the analysis. 

We simply converted the grouted rock thickness into a roughly equivalent concrete thickness and made 
other changes appropriate to the change in material. We did not design the structures from scratch using 
concrete. 

In general, the analysis summasized in the table below shows that concrete will cost less than grouted 
rock. 

Sed Basin Inlet 
Structure No. 8 in Queen LS 507 - Creek 1 $162,000.00 $162,000 $238,000 $76,000 

Total Cost Estimate $1,890,000 $2,618,000 $728,000 
L 

The attached table gives the breakdown of costs for each structure. 

E\O1\0112925 - EMFDSN\DOCmSUlESIGNMEMORANDUMS AND CRl'ERIAWMALT DROPS 031111.DOC 

9201 North 25th Avenue + Suite 195 +Phoenix, AZ 85021 + (602) 944-6564 FAX (602) 944-6592 



KM KIRKHAM 
MICHAEL 

Job 0112925 

ellent FCDMC 

Pro)& Chandler Heights Basin 
CalNlaledby JKK 

ChecXed by 
Dafe 02124104 

C~ns~Bng Enpineerr 
9209 NZ5!0Are SL te 195 Pho'naAZ55021 

Pncns 602t9448564. FAX 9446592 

Strudural FLU 
Structural Bacldill 

Outlet Catch Basin 
PVC Drain 

Dralnage Grates 
18"HDPE Pipe 

Gavel Finer Matenal 
Gabm Mallresses 

Concrete Cutoff Wall 
mwvat~on 

- -- > - -  

Dso=12" Dumped Rlprap 
Gravel Beddlng 
Weir Cmcrets 

outlet Structure Concrete 
Outlet SVudure Steel 

$10O/cy per Rob Myers (Maccafeni) on 9130 PVC Weep ham 
St~durs l  Exc Reinf 

SINC1Ure 
Area 
(sg 

7944 

Str Exc 
Depth Slr Exc 
Ifli iW) 
4.0 1177 

S t ~ c t u m  Descrlptlon unit 
Strumre No. 8 (Dmp m Queen Cr nr Higley Rd) Gmuted Rock CY 

36" Boulderdw Boulder Sill Graut Cut-MI Walls CY 
507-7 Rlprap CY 

StNcturai Exc CY 
Gravel Beddlng CY 

Total 

Strudure No. 7 (Dmp Inletto New Sed Basin) Gmuted Rack CY 
36' Bouldenl48" Boulder Sill Gmut Cut-Onwalls CY 

5076 Riprap CY 
SINdUraiEXC CY 

Gravel Beddlng CY 
Total 

Struaure No. 6 (Weir Outlet of New Sed Basin) Grouted Rock CY 
30' Boulderd42" Boulder Sill Gmut CuCOif Walls CY 

Rlprap CY 
Simclural Exc CY 

Outlet Catch Basin EA 
PVC Drain LF 

Drainage Grates EA 
18'HDPE Pipe LF 

Gravel Fllter Material CY 
Gravel Beddlna CY 

C. TOG 

structure No. 5 (Dmp In Queen Creek) GmutedRock CY 
36"Boulderd48" Boulder Slll Gmut Cut-Off Walls CY 

5074 RiDraD CY 
swdu ra i uc  CY 

Gravel Bedding CY 

strudure No 3 (Dmp Inlet to EM* Sed Basln) Gmuted Rock CY 1421 $200 00 $284,203 12789 4 0  1895 
36" Bouldersl48" Boulder Sill Grput CuCOR Walls CY 67 $275 00 $18,478 

5074 Riprap CY 353 $80.00 $21,193 
S l ~ d ~ r a l  En: CY 1982 $8 00 $15.695 

Gravel Beddlng CY 474 $800 $3,769 
Total $343,359 

strudure No. 2 (Weir Outlet b r  Sed Basln) 
36" Boulderd4b Boulder Slll 

507-2 

GmutedRack CY 
Gmut CuCm Wails CY 

Riprap CY 
PVC Weep Drain LF 

Stmdursl Exc CY 
Gravel Bedding CY 

Total 

swdure No. 1 (Dmp in EMF) 
42' Boddersl54" Boulder Slll 

507-1 

Gmuted Rack CY 
GmutCut-ORWalls CY 

Rlprap CY 
PVC Weep Drain LF 

ShUcturalExC CY 
Gravel Bedding CY 

Total 

Lateral Weir 
605.2 

I 
I CHB estirnales.xls T-Strudure Estimates Page 1 of 2 2i24l2004 1:42 PM 



Structural Exc-Stdewerr CY 17,650 $8 00 $141,200 
Struduml FlllSidewelr CY 34,314 $1500 $514.710 

Strudural Backfill-S~dewelr CY 4,150 $15 00 $62,250 
Strunural Uc-Oullet CY 150 $15.00 $2,250 

siructuml BacMll-Outlet CY 150 $1500 $2.250 

@-;.6'~4~ RCBC (0~11et. W I I ~ I I S  g ~ p m n )  concrete CY 202 $300 00 $ 6 0 . 6 ~  
Steel LBS 24600 $065 $15,990 
Total $76,590 

Emergency Splllway Rock Mattress CY 1302 $100.00 $130,200 
507-8 Reinf Conc Cutoff Wall CY 306 $275.00 $84,130 

Excavation CY 6425 $4.25 $27.306 
Struct~ml Exc8valion CY 2065 $8.00 $16,520 

Siwdupdl Fill CY 6425 $15.00 $96.375 
Tatel $354,531 

Quantlly Breakdown by Rock Size ON 

30" 
36'. .. 
42" 

Total: 
Check: 

48'. 418 420 756 
54" 168 170 306 
Check 9770 8785 17613 

CHB estimates.ds T-Structure Estimales Page 2 of 2 zl24120~ I:42 PM 



Design Drop Structure Selection, Notes and Details 

A review of various drop structure types (vertical, sloped, baffled) and drop structure 
materials (concrete, earthen, rip-rap, gabions, grouted rip-rap) was performed. A 
selection was made that would satisfy the hydraulic and aesthetic needs of the project. 

The proposed drop structure type is a sloping, grouted rip-rap configuration. The 
preliminary details for this structure were developed by adapting the design for a 
"Grouted Sloping Boulder Drop With Trickle Channel" from the Urban Drainage and 
Flood Control District, Denver, Colorado for the design conditions of this project. 
Modifications include well-graded, gravel filters, rip-rap and filter fabric at the end of 
each structure. This allows for seepage to be controlled and prevents piping of the fine 
soils present within the project site. Constricted drop crest widths are used to maintain 
upstream channel freeboard. Two of the drop structures utilize a pvc weep drain system 
due to higher drop heights at these locations. 

The following sections document the various analyses performed to assess the 
functionality of the drop structures at multiple locations within the project. Included in 
the following sections are hydraulic jump analyses, seepage analyses, uplift analyses and 
scour calculations. 

Note: 
Drop structure #4 (Sanokai (Sonoqui) Wash) was removed from the design contract. 
However, the calculations for the drop structure were retained for comparison and future 
reference. The numbering of the drop structures in the design plans still matches the 
numbering in these calculations (i.e. #4 is skipped in the design plans so that the drop 
structure numbering is: 1,2, 3, 5, 6, 7, 8). 







DROP STRUCTURE PLAN 
NTS 

12' HIGH GROUTED 
BOULDER SILL 
(54" BOULDERS) 

CHANNEL E -. -. -. - - -. 

DROP STRUCTURE PROFILE 
NTS 

4'NON-PERFORATED HDPE PIPES 
SPACED 10' OC. S = 1% , TO DAYLIGHT 
AT MAIN CHANNEL INVERT LENGTH = 8' 

GEOTEXTILE FILTER 
FABRIC OVER & UNDER 

WEEP DRAIN DETAIL 
NTS 

NOTES: 

1. SEE DWG. NO. C24 FOR DROP 
STRUCTURE *1 PLAN. 

2. PIPING TO MEET AASHTO M252. 
SEE SPECS. 

3. SEE DWG. NO. DS2 FOR 
GENERAL DETAILS AND 
NOTES 

4. BOULDER SIZES FOR DROP STRUCTURE: 
42'-SLOPES AND APRONS (MAY VARY FROM 
54'-SILL (MAY VARY FROM 48' TO 60') 



... . . .  . . .  

TOP OF BANK FROM FLUSH AT TOP OF BANK TO 
4" BELOW TOP OF BOULDERS 

4' MAX TO'GROUT LINE 

GROUT KEY-IN IS ACROSS 14' 
WIDTH OF DRIVEABLE SURFACE 

GROUT SLOPE 
ONLY - AT TOP OF 6:l RAMPS. 

KEY-IN WITH 

GROUT KEY-IN 

DROP STRUCTURE PLAN 1. SEE DWG. NO. C25 FOR DROP 
STRUCTURE -2 PLAN. 

2. PIPING TO MEET AASHTO M252. 
SEE SPECS. 

3. SEE DWG. NO. DS2 FOR 
NOTE: GENERAL DETAILS AND NOTES 
PLACE GROUT UP TO EXISTING 
CUT-OFF WALL AND FOOTING. 4. BOULDER SIZES FOR DROP STRUCTURE: 

36'-SLOPES AND APRONS (MAY VARY 
SECTION A-A FROM 30' TO 42') 

NTS 48'-SILL (MAY VARY FROM 42' TO 54') 

FILTER FABRIC 

EXST CONCRETE CUT 

CUT-OFF WALL MODIFICATION 

DROP STRUCTURE PROFILE NTS 







\ GROUT KEY-IN 
SEE DETAIL 
THIS SHEET 

DROP STRUCTURE PLAN 
NTS 

DUMPED RIP-RAP 
DUMPED RIP-RAP 
Dso= 12' WITH 
FILTER FABRIC 
v 2' 

TOP OF BANK 
7 

GRAVEL BEDDING 

DROP STRUCTURE PROFILE 
NTS 

TRANSITION GROUT THICKNESS 
FROM FLUSH AT TOP OF BANK TO 
4' BELOW TOP OF BOULDERS 

mmvh 4' MAX TO GROUT LINE 

GROUT SLOPE 
KEY-IN WITH 

NOTE: 
GROUT KEY-IN IS ACROSS 20' WIDTH 
OF DRIVEABLE SURFACE ONLY - 
AT TOP OF 10:l RAMPS. 

GROUT KEY-IN 
NTS 

1. SEE DWG. NO. C33 FOR DROP 
STRUCTURE '6 PLAN. 

2. SEE DWG. NO. DS2 FOR 
GENERAL DETAIL AND 
NOTES 

3. BOULDER SIZE FOR DROP STRUCTURE: 
30'-SLOPES AND APRONS (MAY VARY FROM 24' TO 36') 
42'-SILL (MAY VARY FROM 3 6 ' T O  48') 





15.6' AT TOE 

DUMPED RIP-RAP 
Dso= 12' WITH 
FILTER FABRIC 

2' 

FILTER FABRIC 

DROP STRUCTURE PROFILE 
NTS 

NOTE: 

1 I I I 
NO. l REVISION I BY I DATE 

I PLOOD CONTROL D m C f  
OF MARICQPA COUNTY 1 



DROP STRUCTURE PLAN 
NTS 

10' AT TOE 

7 
DUMPED RIP-RAP 
0 5 0 ~  12' WITH 
FILTER FABRIC 

2' 

FILTER FABRIC 

DROP STRUCTURE PROFILE 
NTS 

SEE DWG. NO. C34 FOR DROP 
STRUCTURE "8 PLAN. 

SEE DWG. NO. DS2 FOR 
GENERAL DETAIL AND 
NOTES. 

BOULDER SIZE FOR DROP STRUCTURE: 
36'-SLOPES AND APRONS (MAY VARY FROM 
48'-SILL (MAY VARY FROM 42' TO 54') 

I I 
NO. I REVISION I BY I DATE 

m D  CONTROL DISTRICT I . OF MARICOPA COUNTY I 





DROP STRUCTURE P L A N  * ~ b  20 '  FOR EROSIVE SOILS 
NTS Lb  15' FOR WON-EROSIVE SOILS 

Z*Hd . - 

36" MIN. GROUTED BOULDER 
SlLL A T  END OF BASIN 

MAIN CH4NNEL CHINK BETWEEN SILL BOULOERS WITH 
RIPRAP TO PREVENT SMALLER ROCK 
AN0 TOPSOIL FROM F4LLlNG THROUGH 
BETWEEN BOULDERS 

TRICKLE CHANNEL 
INVERT BEYOND ---- 

TRICKLE CHANNEL 
INVERT ELEV. AT CREST 

TRICKLE CHANNEL 

RANULAR BEDDING 
MATERIAL (PER 

GROUTED BOULDERS TRICKLE CH4NNEL UOFCD REQUIREMENTS) 
SEE DETAIL 3 0 iNVERT ELEV. A T  

SILL. SEE SECTION@ 

GROUTED SLOPING BOULDER DROP WITH TRICKLE CHANNEL 
FIGURE I  OF 4 

- 



DROP STRUCTURE E 

TRlCXLE CHANNEL 

t o o - Y R  w s v  

IX v 

TRlCKLE CHANNEL 

T Y P I C A L  CHANNEL SECTION B 
( U P S T R E A M  AND DOWNSTREAM OF DROP) 

NTS 

DROP STRuC7URE $ 

ROCK ELEVATION ROCK ELEVATION 
TRICKLE CHANNEL 
ELEY. A T  CREST 

GROUTED BOULDERS 

D E P T H  O F  CUTOFF TO B E  DETERMINED 
BASED UPON GEOTECHNICAL 

INVESTIGATIONS AN0 SEEPAGE 
ANALYSIS. I N  

SEEPAGE A N A L  

.~.. ~- ..".. 
THE ABSENCE O F  A d  
YSIS. SEE SEEPAGE 

CUTOFF DETAIL@ 
c r - r - n n  ,.r r . , ,7nr-r  m r , . T , n h ,  

DROP STRUCTURE 4 I 
Z+Y, 8 ZIY,, 

TOP OF ROCK I TOP OF ROCK 
ELEV. VARlES 7 

I 

OROUTEO BOULDERS 

UYOISTURBED SOIL. 
ORCOMPACTED 

MATERIAL 

T Y P I C A L  DROP F A C E  SECTION 
NTS 

DROP STRUCTURE E 

I 

ELEY. AT SILL 
ROC% ELEY. 

TOP OF BOULDER SILL 
RAISE GROUT L E V E L  IN THE 
TRICKLE ZONE SO DROP 
BASIN CAN DRAIN DOWNSTREAM 

I UNDISTURBED SOIL.--/ 
OR COMPACTEO I 

MIITERIAL L BASIN BOTTOM WlDiH VARIES 

T Y P I C A L  DROP BAS IN  SECTION AND SILL 
HTE 

GROUTED SLOPING BOULDER DROP WIT14 T R I C K L E  CHANNEL 
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PROPOSE0 GRAOE , ,-GROUTED BOULDERS 

roPsolL IN OVERBANIS ONLY 7\ \ / ,-GROUT LIMITS (APPR0Y.l 

O.B*Hd OR 4'. UPSTREAM OF BOULDERS 

WHICHEVER 
IS GREATER THOROUOHLI CLEAN SURFACE 

OF SEEPbGE CUTOFF PRIOR T O  

I GROUTLNG BOULDERS. 

\ROUGHEN TOP SURFkCE 
OF GROUT CUTOFF 

6. WIDE BY 4' 
DEEPKEYWAY 

SEEPAGE CUTOFF D E T A I L  
NTS 

SEE DETAIL FOR GROUTEO 4' NON-PERFORATE0 LATERAL PIPES 

BOULDER CONSTRUCTION SPACED 10' O.C.. MAXIMUM. SLOPE AT IX  
TO DAYLIGHT AT MAIN CHnNNEL INVERT 
ELEVATION. PlPE ALIGNMENT MAP BE CURVED 
SLIGHTLY TO FIT BETWEEN BOULOERS. 

4' MIN. THlCKNESS TOPSOIL 
COVER IN BANKS ONLY 

TOP HALF OF BOULDERS 
BURIED WlTH LlGHTLY 
COMPACTEO IN-SITU SOILS 

P L K E  APPROVEDGEOTEXTILE TRIM PIPE END TO 

F~LTER FIIBRlC OVER AN0 UNDER 
MINIMJZE PROTRUSION 

3/4' ANGULAR ROCK TO PREVENT 
CONTAMINATION BY GROUT AN0 SOILS 

4" PERFORATE0 MANIFOLD 
PIPE. PROVIDE 4" TEES 3/4' ANGULAR ROCK WEEP ORAiN 

TO LATERAL PIPES. AND END 
CAPS AS REOUIREO. REFER TO PLAN. 

FILTER MATERIAL. MlNlMUM 6" 
THICKNESS SURROUNOING PlPE 
SYSTEM AT A L L  POINTS 

WEEP DRAIN S Y S T E M  D E T A I L  
N T S  USE ONLY IN DROPS HIGHER THAN 5 F E E T  

PLIICE BOULOERS AS TIGHTLY AS POSSIBLE 
WITH THE REOUlRED BOULOER HEIGHT VERTICAL 

AND voles FOR GRourlNG M~N~M~~ED-\ 

\ \PREPARE SUBGRAOE PER 
THE SPECIFICATIONS 

GROUTED BOULDER P L A C E M E N T  D E T A I L  
NTS 

GROUTED SLOPING BOULDER DROP WlTH T R I C K L E  CHANNEL 
FIGURE 3 O F  4 



G R O U T  N O T E S  

I M o t e r i o l  Spec i f i co t i ons  P l a c e m e n t  Spec i f i co t i ons  

1. A l l  g r o u t  sholl h o v e  o  min imum 2 8 - d o y  I. A l l  T y p e  A  g r o u t  shall be de l i ve red  by 
compress i ve  s t r e n g t h  equal  t o  3 2 0 0  psi .  rneons o f  o  low p r e s s u r e  ( l e ss  thon 10 

ps i )  g r o u t  pump using a  2 - i n c h  d iamete r  
2 .  One cubic  ya rd  o f  g r o u t  shal l  hove  o  nozz le .  

min imum of six ( 6 )  socks  o f  Type  II 
P o r t l a n d  cemen t .  2 ,  A l l  T y p e  B g r o u t  shall b e  de l i ve red  by  

meons  o f  o  low p ressu re  ( l e ss  thon  10 
3. A moximum o f  2 5 %  T y p e  F  F l y  A s h  may ps i )  c o n c r e t e  pump  using o  3 - i nch  

b e  s u b s t i t u t e d  f o r  t h e  P o r t l a n d  cemen t .  d i a m e t e r  nozz le  

! 
4 .  F o r  T y p e  A g rou t ,  t h e  a g g r e g a t e  shall 3. Fu l l  d e p t h  p e n e t r o t l o n  o f  t h e  g rou t  In to  

b e  compr i sed  o f  7 0 %  n a t u r a l  sand t h e  boulder  vo ids shall be ach ieved  by 
( f i nes )  and 3 0 %  % - inch r o c k  ( coa rse ) .  i n j e c t i n g  g r o u t  s t o r i i n g  w i t h  t h e  nozzle 

nea r  t h e  b o t t o m  and r o i s ~ n g  i t  as g rou t  
5 .  F o r  T y p e  B  g rou t ,  t h e  a g g r e g a t e  shall f i l ls ,  whlle v i b ra t i ng  g rou t  i n t o  p lace 

b e  compr ised  o f  3/4 - inch mox imum grovel ,  us ing 0 penc i l  v i b ra to r .  
s f r u c t u r o l  c o n c r e t e  agg rega te .  

4. A f t e r  g r o u t  p l acemen t ,  exposed  boulder 
6. Type  B grou t  shal l  b e . u s e d  i n  s t r e a m s  f a c e s  shal l  b e  c leaned  w i th  o  we t  b room.  

w i t h  s ign i f i can t  perenn io l  f l ows .  
5. Al l  g r o u t  b e t w e e n  boulders  shal l  be 

7 .  The  g r o u t  slump shal l  b e  4 - i n c h e s  t o  t r e o t e d  w i t h  o  b r o o m  f inish. 
6 - i nches .  

6 .  Al l  f i n i shed  g r o u t  s u r f a c e s  shol l  b e  
8. A i r  en t ro inment  shal l  be 5.5%-7.5%. s p r a y e d  w ~ t h  a  c lea r  l iquid membrane  

cu r i ng  compound as  s p e c i f i e d  in  A S T M  
9. T o  c o n t r o l  sh r inkage  and c rock ing .  1.5 C - 3 0 9 .  

pounds o f  F i be rmesh ,  or equivalent, sholl 
b e  used  pe r  cubic  y a r d  o f  g r o u t .  7 .  Spec ia l  p r o c e d u r e s  shall b e  r equ i r ed  f o r  

g r o u t  p l ocemen t  when t he  air  
10. Color add i t i ve  in  r e q u i r e d  amoun t s  shall t e m p e r o t u r e s  o r e  less  than  4 0 ° F  or 

b e  used  when so  s p e c i f i e d  by  c o n t r a c t .  g r e o t e r  than  9 0 ° F .  C o n t r a c t o r  shall 
ob ta i n  p r i o r  opp rovo l  f r o m  t h e  design 
eng ineer  o f  t he  p r o c e d u r e s  t o  b e  used  
f o r  p r o t e c t i n g  t h e  g rou t .  

8 .  Cleon Bou lde r s  by  brushing and woshing 
b e f o r e  grouting. 

G R O U T E D  S L O P I N G  B O U L D E R  D R O P  W I T H  TRICKLE C H A N N E L  
F I G U R E  4 O F  4 



dmAlJ i33u~A66 A@ fb0b O m L  bl5fklcT 
b-, Co 

DRAINAGE CRITERIA MANUAL (V. 2) HYDRAULIC STRUCTURES 

2.2 Drop Selection 

The primary concerns in seiection of the type of drop structure should be functional hydraulic 

performance and public safety. Other considerations include land uses, cost, ecology, aesthetics, and 

maintenance, and environmental permitting. 

Table HS-1 presents information to assist in the selection of appropriate drop structures applicable for 

various situations. Generally, the drops in any group are shown In order of preference. Comparative 

costs are often close, and on-site conditions, safety, and aesthetics may weight the selection toward a 

drop structure other than the first alternative indicated. 

TABLE HS-1 

Non-Boatable Drop Structure Selection for 3- to 5-Foot Vertical Drops 
and 0 to 15,000 cis 

1. High and low public usage with likely downstream degradation. 
a) Baffle chute drop 
b) Grouted sloping bouider drop 

2. Low public usage and no likely downstream degradation. 
a) Grouted sloping bouider drop 
b) Vertical hard basin drop 
c) Baffle chute drop 

3. High public usage and no likely downstream degradation. 
a) Grouted sloping boulder drop 
b) Baffle chute drop 

From an engineering design standpoint, there are two fundamental systems of a drop structure: the 

hydraulic suriace drop system and the foundation and seepage control system. The material components 

that can be used for the foundation and seepage control system are a function of on-site soils and 

groundwater conditions. The selection of the best components for design of the surface drop system is 

essentially independent of seepage considerations and is based on project objectives, channel stability, 

approach hydraulics, downstream tailwater conditions, height of drop, public safety, aesthetics, and 

maintenance considerations. Thus, foundation and seepage control system considerations are discussed 

separately. One factor that influences both systems is the extent of future downstream channel 

degradation that is anticipated. Such degradation can destroy a drop structure if adequate precautions 

are not provided. 

2.3 Detailed Hydraulic Analysis 

2.3.1 Introduction. Analysls guidelines are d~scussed in this section to assist the engineer in addressing 

critical hydraulic and seepage design factors. For a given discharge, there is a balance between the crest 

base width, upstream and downstream flow veioclties, the Froude number in the drop basin, and the a location of the jump. These parameters must be optimized for each specific application. 
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There are two levels of analysis possible. The first involves detailed analysls of all hydraulic conditions 

and leads to an optimal design for each structure. The concepts involved are described herein, and 

numerous references are available for more detailed information. The second level of analysis is a 

simpler approach that is based on conf~gurations that will be adequate at the limits of permissible grass- 

lined channel criteria as described in Section 2.4. 

There are two general categories of drops: sloping and vertical. For safety reasons, vertical drops 

should be avoided under typical urban conditions: Performance of vertical or smooth sloping drops into a 

hard basin is relatively well documented. Their hydraulic analysis is briefly described herein. The design 

criteria for other drops such as vertical plunge pools and baffle chutes is based on empirical data and 

model studies. 

2.3.2 Crest and Upstream Hydraulics. After preliminary channel layout has indicated probable drop 

location and heights (see the MAJOR DRAINAGE chapter for guidance, including the design spreadsheet 

UD-Channels), analysis and design begins with review of the crest section at the top of the drop. As flow 

passes through critical depth near the crest, upstream hydraulics are separated from downstream. 

Usually, the key task here is to determine critical depth at the crest based on the entire section. The 

critical flow state needs to be verified to ascertain that the downstream tailwater does not submerge the 

a crest and effectively controls the hydraulics above the crest. If the downstream tailwater controls, then 

the structure must still be evaluated as a check for the peak discharge and as a drop at lower flows, if 

appropriate. 

With control at the drop crest, water surface profile computations are used to establish the upstream 

abutment and bank heights. Computations should include a transition head loss, typically ranging from 

0.3 (modest transitions in grass-lined channels) to 0.5 (channels approaching abrupt constrictions) times 

the change In velocity head across the transition (see Section 5.2), and allowance for the end contraction 

where the flow may effectively separate from the abutment end walls. Refer to Section 5.0 and standard 

hydraulic references for guidance (Chow 1959, Rouse 1949, and USACE 1994). 

2.3.3 Water Surface Profile Downstream of  the Crest. Although this discussion concerns the 

hydraulics below the drop crest, the fundamental analysls is established by the crest conditions. Main, 

low-flow and trickle channel regions are considered separately. Although the actual location of critical 

depth can vary according to the channel, transition, and drop geometry, the assumption is made that 

critical depth occurs at the crest, in a horizontal straight line across the crest section. 

The assumption of critical flow conditions across the crest is illustrated conceptually by the diagrams In 

Fiqures HS-2a and m. At any point across the crest, the velocity is a function of the critical depth at 

that point. This results in a higher unit discharge applied to the trickle channel zone than across the main 

a channel flow area. Fiqure HS-2a shows the corresponding energy level across the section. Fiqure HS- 
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2b illustrates that the water surface and energy grade line profiles will be different for the trickle or low- - 
flow and the main channel flow zones. 

After review of the crest and upstream hydraulics, the analysis proceeds to the supercritical fiow and the 

hydraulic jump downstream. It is here that the designer should give special consideration to the potential 

of reverse rollers and avoid them in boatable channels and, where practicable, in grass-lined channels. 

Little flow dispersal from the trickle or low-flow zone to the main zone occurs through the supercritical 

portion of the drop. (Flow expansion is more likely downstream of the jump.) Therefore, unit discharge 

determined at the crest for either the trickie channel or the main portion of the drop is assumed to remain 

constant. The required basin length varies between these zones. Baffle chutes are the only type of drop 

where this distinction is not significant because the baffles break up the fiow patterns and spread the flow 

more evenly over the width of the channel. 

With the exception of baffle chute drops, separate analysis should be performed to evaluate the main 

drop and trickle or low-flow channei zones, as follows: 

Critical depth, Y,, is determined for the entire section area. The subscript (,) or (,) is added to refer to the 

trickle or low-flow zone or main channel zone, respectively. For example, in the main channel zone: 

Similarly, in the trickle or low-flow channel zone: 

Ye, = Elc - El, (HS-2) 

in which: 

El, = critical water surface elevation 

El, = elevation of the main channel at the drop crest 

El, = elevation of the trickle or low-flow channel at the drop crest 

The remaining hydraulic parameters, such as critical velocity, V,(ft/sec), energy grade line, EGL, and unit 

discharge, q(cfs/ft), are determined separately for the main and trickie or low-flow channel zones by 

equations of the form: 

v,' EGL = Yc +- + El,,(ou El,)  at the drop crest (HS-4) 
2g 
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where g Is the acceleration of gravity, and each parameter would have the subscript (,") or (,) as 

appropriate for the main, trickle, or low-flow channel zone. 

Water surface profiles of the drop down the slope and through the basin may be accomplished by the 

"Standard Step Method (Chow 1959), or any equivalent method suitable for unit discharge computations. 

For baffle chutes and vertical drops, individual methods are given in later subsections. It is necessary to 

plot the energy grade line to assure calculations are reasonable. 

Depending on the type of materials and the relative depth, the appropriate roughness parameters should 

be used in computations. Table HS-2 gives generally recommended Manning's roughness values. Chow 

(1959), Henderson (1966), Barnes (1967), Bathurst, Li and Simons (1979), and others provide further 

reference information. Normal equations for riprap do not apply to grouted rock because the voids are 

partially filled. Only by creating obstructions into the flow (steps, ungrouted rock protrusions and other 

variations) can the grouted rock have a significantly greater roughness. Stepped rock placement and 

random large bouiders grouted to 50% of their height are recommended to increase roughness and 

reduce the velocity. 

Low Froude number hydraulic jumps with longer areas of hydraulic instability are common in grass-lined 

channel applications. Baffles and rock placements that create turbulence and dissipate energy are 

recommended to help counteract the low Froude number jumps and the associated tendency to carry 

residual energy and waves downstream. 

TABLE HS-2 

Suggested Approximate Manning's Roughness Parameter at Design Discharge 
for Sloping Drops 

Smooth concrete 1 0.015 
Stepped concrete where step heights equal 25% of nappe depth I 0.025' 
Grouted rock with variations above grouted plane between %- to I 0.042* 

2.3.4 Hydraulic Jump Location. The water surface profile analysis starts at the crest and works 

downstream to analyze supercritical flow. Separate analysis for the low-flow, trickle, and main channels 

includes the review of hydraulic jumps. In the case of a baffle chute, no jump will occur because the 

I-foot 
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baffles are constantly breaking up the flow, preventing supercritical flow. Examination of tailwatei 

conditions is still important for a baffle chute to evaluate riprap and basin layout. 

To determine the location of the hydraulic jump, a tailwater elevation has to be established by water 

surface profile analysis that starts from a downstream control point and works upstream to the drop basin. 

This backwater analysis is based ueon entire cross sections for the downstream waterway. The hydraulic 

jump, in either the low-flow, trickle channel, or the main drop, will begin to form where tine unit specific 

force of the downstream tailwater is greater than the specific force of the supercritical flow below the drop. 

Special consideration must be given to submerged hydraulic jumps because it is here that reverse rollers 

are most common. For submerged jumps, the resulting downstream hydraulics should be evaluated 

(Cotton 1995). 

The determination of the jump location is usually accomplished through the comparison of specific force 

between supercritical inflow and the downstream subcritical flow (i.e., tailwater) conditions: 

in whlch: 

F =  specific force (ft2) 

q = unit discharge (determined at crest, for low-flow, trickle, and main channel zones) (cfslft) 

y = depth at analysis point (ft) 

g = acceleration of gravity = 32.2 ftisecZ 

The depth, y, for downstream specific energy determination is the tailwater water surface elevation minus 

the ground elevation at the point of interest, which is typically the main basin elevation or the trickle 

channel Invert (if the jump is to occur in the basin). The depth, for the upstream specific energy 

(supercritical flow), is the supercritical flow depth at the point in question. 

Note that on low drops, the jump may routinely submerge the crest or may occur on the face of the drop. 

Refer to Little and Daniel (1981), Little and Murphey (1982), Chow (1959), USACE (1994), and Peterka 

(1984) for these cases. 

The jump at sloping drops typically begins no further downstream than the drop toe. In vertical drops, the 

jump should begin where the jet hits the floor of the basin. This is generally accomplished in the main 

drop zone by depressing the basin to a depth nearly as low as the downstream trickle channel elevation. 

This will provide drainage for the basin 
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2.3.5 Jump and Basin Lenath. The un-subrnergedjump length is typically between 3.6 and 6 times the 

tailwater depth, depending on the Froude number. For most cases, a basin length of 5 to 6 times the 

tallwater depth is the most advisable. A longer basin length is advisable for erosive soils or depending on 

the nature of the jump. Typically, at least 60% of the jump length is rock lined or otherwise reinforced. 

For baffle chute drops and vertical rlprap, basin dimensions are empirically derived. 

In the trickle or low-flow channel alignment, the jump will tend to wash further downstream of the toe, and 

additional mitigation Is recommended such as extending the basin length and/or providing baffles or large 

boulders that will break up the jet and dissipate energy. 

2.3.6 Seeoaqe Analvsls. Subgrade erosion caused by seepage and structure failures caused by high 

seepage pressures or Inadequate mass are of critical concern. These factors are important in the design 

and must be analyzed; otherwise, the structure might fail. 

Seepage analysis can range from hand-drawn flow nets to computerized groundwater flow modeling 

Advanced geotechnical field and laboratory testing techniques may be used to confirm the accepted 

permeability values where complicated seepage problems are anticipated. Several flow net analysis 

programs are currently available that are suitable for this purpose. 

A minimal approach Is Lane's Weighted Creep method. It can be used to determine dimensions or cutoff 

improvements that would provide an adequate seepage length. It should only be used as a guideline 

and, when marginal conditions or complicated geological conditions exist, a more precise analysis should 

be used. The involvement of a geotechnical engineer will often be necessary. Lane's method is given 

later in this section. 

2.3.7 Force Analysis. Each component of a drop has forces acting upon it that require evaluation. This 

subsection describes the general forces, except forces on riprap for which the reader is referred to lsbash 

(1936), Oliver (1967), Smith (1975), Smith and Strung (1967), Stevens (1967), Taggart (1984), Abt (1986 

and 1987), Wittler and Abt (1988). Maynord and Ruff (1987), Richardson (1988), and LSA (1986 and 

1989). It is worth noting that riprap is subject to all of the usual forces plus the hydrodynamic forces of 

interflow through voids and related pressure fluctuations. A complete presentation of forces acting on 

riprap is not presented herein. Forces are described here as they would apply to sloping grouted boulder 

and reinforced concrete drops. Additional information on forces on baffle blocks is presented in the baffle 

chute subsection, and this information may also be useful to extrapolate for large boulders used as 

baffles in grouted boulder drops. 

The various criteria for structural slab thicknesses given for each type of drop have generally taken these 

forces into consideration. It is the user's responsibility to determine the forces involved. 
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Fiqure HS-3 illustrates the forces involved for a grouted sloping boulder drop, which is similar to other 

sloping concrete drops or baffle chutes. Five location points are of concern. Point 1 is downstream of the 

toe, at a location far enough downstream to be beyond the point where the deflection (turning) force of 

the surface flow occurs. Point 2 is at the toe where the turning force is encountered. Point 3 is variable in 

location to reflect alternative drain 1o.cations. When a horizontal drain is used, Point 3 is at a location 

where the drain intercepts the subgrade of the structure. Point 4 is approximately 50% of the distance 

along the drop slope. Point 5 is at a point underneath the grout layer at the crest and downstream of the 

cutoff wall. 

Point 3 is usually the critical pressure location, regardless of the drain orientation. in some cases, Point I 

may also experience a low safety factor when shallow supercritical flow occurs, such as when the jump 

washes downstream. 

Seepage uplift is oflen an important force controlling structure stability. Weep drains, the weight of the 

structure, and the water on top of the structure counteract uplift. The weight of water is a function of the 

depth of flow. Thus, the greater the roughness, the deeper the flow condition and the greater the weight. 

2.3.7.1 Shear Stress. The normal shear stress equation is transformed for unit width and the actual 

a water surface profile by substituting S,, the energy grade line siope for So, and the drop slope. 

in which: 

.r = shear stress (lbsift2) 

y = specific weight of water (lbsift3) 

y = depth of water at analysis point (ft) 

2.3.7.2 Buovant Weiqht of Structure. Each design should take into consideration the volume of grout 

and rock or reinforced concrete and the density of each. In the case of reinforced concrete, 150 pounds 

per cubic foot can be used as the specific welght (or 88 pounds per cubic foot net buoyant weight). 

Specific welght of rock is variable depending on the nature of the material. 

2.3.7.3 Impact and Draq Forces. Water flowing down the drop will directly impact any abrupt rock faces 

or concrete structure projections into the flow. Technically, this is considered as a type of drag force, 

which can be estimated by equations found in various references. Also, the user should compare 

calculated drag force results with the forces shown later for baffle chute blocks (Section 2.5). impact 

force caused by debris or rock is more difficult to estimate because of the unknown size, mass, and time 

elapsed while contact is made. Therefore, it is recommended that a conservative approach be taken with 
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regard to calculating water impact (drag force), which generally will cover other types of impact force. 

Specialty situations, where impact force may be significant, must be considered on an individual basis. 

2.3.7.4 Turninq Force. A turning force impacts the basin as a function of slope change. Essent~ally, this 

is a positive force countering upiifl and causes no great stress in the grouted rock or reinforced concrete. 

This force can be estimated as the rnomentuni force of the projected jet area of water flowing down the 

slope onto the horizontal base and calculating the force required to turn the jet. 

2.3.7.5 Friction. With net vertical weight, it follows that there would be a horizontal force resisting 

motion. If a friction coefficient of 0.5 is used and multiplied by the net weight, the friction force to resist 

sliding can be estimated. 

2.3.7.6 Frost Heave. This value is not typically computed for the smaller drops anticipated herein. 

However, the designeishould not allow frost heave to damage the structure, and, therefore, frost heave 

should be avoided and/or mitigated. in reinforced Concrete, frost blankets, structural reinforcing, and 

anchors are sometimes utilized for cases where frost heave is a problem. If gravel blankets are used, 

then the seepage and transmission of pressure fluctuations from the hydraulic jump are critical. 

2.3.7.7 See~aqe  Uplift Pressure. As explained previously, uplift pressure and seepage relief 

considerations are extremely important to structural stability and usually of greater concern than the 

forces described above. There can be troublesome pressure differentials from either the upstream or 

downstream direction when there is shallow supercritical flow on the drop slope or in the basin. One may 

consider an upstream cutoff to mitigate this problem. Weep locations with proper seepage control may 

be provided. For high'drops (i.e., > 5 feet), more than one row of weep holes may be necessary. 

A prudent approach is to use a flow net or other type of computerized seepage analysis to estimate 

seepage pressures and flows under a structure. 

2.3.7.8 Dvnamic Pressure Fluctuations. Laboratory testing (Toso 1986; Bowers and Toso 1988) has 

documented that the severe turbulence in a hydraulic jump can pose special problems often ignored in 

hydraulic structures. This turbulence can cause significant positive and negative pressure fluctuations 

along a structure. 

A good example of the problem can be envisioned by a situation in which the entire sloping face of the 

drop is underlain by a gravel seepage blanket. The gravel could be drained to the bottom of the basin or 

other locations where the jump will occur. In such a case, the positive pressure fluctuations couid be 

transmitted directly to the area under the sloping face, whlch then couid destabilize the structure since 

there would not be sufficient weight of water over the structure in the area of shallow supercriticai flow. 

The key parameter is the coefficient of maximum pressure fluctuation, C,.,,, which is in terms of the 

velocity head of the supercritical flow just upstream of the jump: 
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in which: 

AP = pressure deviation (fluctuation) from mean (ft) 

q, = incident velocity (just upstream ofjump) (Wsec) 

g = acceleration of gravity (ft/sec2) 

Effectively, C, is a function of the Froude number of the supercritical flow. The parameter varies as a 

function of X, which is the downstream distance from the beginning of the jump to the point of interest. 

Table HS-3 presents recommended C,,, positive pressure values for various configurations. When the 

Froude number for the design case is lower than those indicated, the iowest value indicated shouid be 

used (do not reduce on a linear relationship) for any quick calculations. The values can be tempered by 

reviewing the Cp graphs, a few of which are given in Fiqures HS-4 through m. Note that the graphs 

are not maximum values but are the mean fluctuation of pressure. The standard deviation of the 

fluctuations is also indicated, from which the recommended Cp.,,values were derived. 

TABLE HS-3 

Nominal Limit of Maximum Pressure Fluctuations Within the Hydraulic Jump (Toso 1986) 

'Velocity head increased by elevation difference between toe of jump and basin floor, La., depth 
at the drop toe. 

Jump Condition 

0" slope, developed inflow (boundary layer has reached surface) 
30" slope, toe of jump at base of chute* 
30" slope, toe of jump on chute* 
30" slope, with Type II basin (USBR) 
30" slope with Type Ill basin (USBR) 

Fiqure HS-4 illustrates positive and negative pressure fluctuations in the coefficient, C,, with respect to the 

location where the jump begins at the toe. Fiqure HS-5 presents the positive pressure fluctuation 

coefficient where the jump begins on the face. Fiqure HS-6 illustrates how the pressure fluctuations vary 

in a U.S. Bureau of Reclamation (USBR) Type II or IIi basin. 

For the typical basin layouts given and where the drains are at the toe and connect directly to the 

supercritical flow, these pressure fiuctuations shouid not be of great concern. However, when drains 

Froude 
Number 
3.0 
3.8 
3.3 
5.0 
5.0 

0612001 HS-I 8 
Urban drainage & Flood Control Districl 

Suggested 
M a x i m 5  
1 .O 
0.7 
0.8 
0.7 
1 .O 



DRAINAGE CRITERIA MANUAL (V. 2 )  HYDRAULIC STRUCTURES 

discharge to the jump zone and could transfer pressure fluctuations to areas under supercritical flow, 

pressure fluctuations are of concern. 

2.3.7.9 Overall Analvsis. All of the above forces can be resolved into vertical and horizontal 

components. The horizontal components are generally smaii (generally less than 1 psi) and capable of 

being resisted by the weight of the grout, rock, and reinforced concrete. When problems occur, they are 

generally the result of a net vertical instability. 

The overall (detailed) analysis should include reviews of the Specific points along the drop and the overall 

drop structure geotechnical and structural stability. All steps of this detailed analysis are not necessary 

for design of drops along modest capacity grass-lined channels, provided that the design is developed 

using the guidelines and configurations presented in the following simplified analysis approach section 

and that other District criteria are met. The critical design factors are seepage cutoff and relief and 

pressure fluctuations associated with the hydrauiic jump that can create upward forces greater than the 

weight of water and structure over the point of interest. Underflow can easily lift a major slab of rock and 

grout and, depending upon the exposure, the surface flow could cause further weakening, undermining, 

or displacement. Generally, a 30-pound net downward safety allowance should be provided, and 60 

pounds is preferred. A toe drain is generally needed as shown by Fiqure HS-3 

2.4 Simplified Desiqns for District's Grass-Lined Channel Drops 

2.4.1 Introduction and Precautions. As previously mentioned, there is a balance between the crest 

shape chosen, upstream channel stability, and the configuration of the drop downstream which will result 

in reasonable or optimal energy dissipation. Further, there is usually a single configuration of drop crest, 

upstream channel slope, and base width that will resuit in an acceptable drop structure performance for 

grass-lined channels designed using the District's criteria described in the MAJOR DRAINAGE chapter. 

This subsection presents simplified relationships that provide basic configuration and drop-sizing 

parameters that may be used when the District's maximum allowable velocity and depth criteria for grass- 

lined channels are used. 

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 Drops. Grouted sloping boulder drops and 

vertical hard basin drops are the primary types of drops forwhich a simpiified design approach may be 

utilized for grass-lined channels. Other designs are available, but they are more limited in application and 

0612001 
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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-5 

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 Siopinq Boulder Drops. This type of structure has gained acceptance in the Rocky 

Mountain region due to close proximity to high-quaiity rock sources, design aesthetics, and successfui 

applications. The quality of rock used and proper grouting procedure are very important to the structural 

integrity. There is no maximum height requirement for this type of structure; however, the rock sizing 

procedure is different for drops higher than 5 feet. The grouted sloping boulder drop is illustrated in 

Fiaures HS-7 and m. 
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. 

0612001 
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HYDRAULIC STRUCTURES 

Photograph HS-6 

Detail of the grouted sloping boulder drop with a trickle channel section creating the sight 
andsound of  cascading water. 

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

specified in Table HS-4. All boulders are grouted in place to 50% of their height through the approach. 

sloping face, and basin areas of the drop. Fiqure 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. 

0612001 
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Photograph HS-7 

An overall view of the drop structure from the previous page is iiiustrated 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 trickle or low-flow channel should extend through the drop crest section. 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 basin area to help 

dissipate the energy. 

5. Grout thickness, D,, and rock thickness, D,, should be determined based upon a minimum 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 criteria for the simplified 

design process are referred to in step 3, below. 

0612001 
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6. The main stilling basin shouid be depressed 1 to 2 feet deep in order to stabilize the jump. A row 

of boulders shouid 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-4 

Grouted Sloping Boulder Drops: Minimum Design Criteria for Grass-Lined Channels 
Meeting the District's Maximum Depth and Velocity Criteria 

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

" Use drawdown velocity at Hdto size low-flow and main channel section boulders 

Sizing of boulders for the simplified grouted sloping boulder procedure Is based on the following: 

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) 

0612001 
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2. For drops of 5 feet or less in height, use the UD-Channels Spreadsheet to determine the 100- 

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- 

the low-flow section. 

5. For a composite channel, find critical velocity, V,,,,, for t h e m  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 outside 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 fVft 

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

gravity. 

8. Calculate rock-sizing parameter, R,,, for the channel cross-section segment within 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 cross section 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 cross section. Consider the 

06l2001 
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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 

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 fhe 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 

2.4.4 Vertical Hard Basin Drops. The vertical hard basin 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, related maintenance, and turbuient 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. 

Boulder Sizes for Various Rock Sizing Parameters 

The hydraulic phenomenon provided by this type of drop is a jet of water that overflows the crest wail 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. Fiqure HS-9 shows a vertical drop with a grouted boulder basin. The rock-lined 

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

Boulder Classification 
818 
824 
830 
836 
B42 
848 

Rock Sizing Parameter, R, 

Less than 4.50 
4.50 to 4.99 
5.00 to 5.59 
5.60 to 6.39 
6.40 to 6.99 
7.00 to 7.50 

a section and trickle channel section 

Minimum Dimensions of Boulder, D, 
18 inches 
24 inches 
30 inches 
36 inches 
42 inches --- 
48 inches 
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Boulder Sizing Calculations - Urban Storm Drainage Criteria Manual 
Urban Drainage and Flood Control District (UDFCD) 
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1) Longitudinal slope along direction of flow (step 7, p. HS-24) 
used in rock-sizing parameter equation is the drop structure 
slope (4:l typically) (3:l for Drop# 2). 

2) For Rock Size, see chart on page HS-25 
pppp 
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Introduction 
Perforated Dive vlavs an integral role in many applications of ADS HDPE pipe. Generally, perforated pipe is used to 
accelerate the removal of subsurface water in soils or to allow storm water to percolate into the soil. Currently, two 
classifications of perforations are specified in the AASHTO material specifications for HDPE pipe: Class I, and Class II. Class 
I perforations arecommonly used in combination storm/underdrain systems while Class II incorporates leach fields and 
detention/reteniion systems. Both classes are explained in more detail in the AASHTO materials specifications (M294, M252 
and MP71. AASHTO M252 covers vive size 3 - 10 inch (75 - 250 mm) while M294 covers 12 - 48 inch (300 - 1200 mm). 
~"rrentlya provisional specificatior;. M P ~  covers 54 - 60inch (1350 - i500 mm) pipe. ADS manufactures pipe to meet h e  
perforations specified for the project using the patlems indicated as follows. 

ADS STANDARD PERFORATION PAlTERN lAASHTO Class II Perforation) ~ 

The following terminology for perforations is derived from the applicable AASHTO specificat'on. Differences between the 
specifications are covered in Table I. The perforations shall be circular and/or slotted. The perforations shall be located in the 
outside valleys of the corrugations. The water inlet area shall be no less than 0.94 in2/ft (20 cm2/m) for pipe sizes 4 - 10 inch 
1100 - 250mmL 1.42 in2m 130 cm2/m) for viDe sizes 12 - 18 inch (300 - 450 mm) and 1.89 in2m (40 cm2/m) for pipe sizes larger * ~~ 

than 24 inches'(450 mm). iable I and thefigure A below represent ADS standard perforation for ~ S H T O  Class 11.- 
Patlerns indicated with an asterisk are a made-to-order prod~ct and should allow for additional lead time when ordering. 

Table I 

24 

-42 Type S 

'42 Type D 

'48 Type S 
'48 Type D 

60 Type S 

Denotes perforation patlem made to order 
" Spaced at 5' IongilJdinaliy for 42'and 48  ̂and 5.5' longitudinally for 60' diameter 

4640 TRUEMAN ELM.. HILLARD. OH 43026 800 1821-6710 htt~dIwww.ads+i~e.com 



1 Figure A - Class I1 Perforation Configurations I 
CD (SLOT) 

C D 

E (CIRCULAR) F (CIRCULAR) 
F 

H (CIRCULAR) 

, . 
2 AT  EVERY 45" 



AASHTO Class I perforation 
The following terminology is derived from the applicable AASHTO specification. ADS manufactures 12 - 24 inch (300 - 600 
mm) Class I perforation as a standard product (ADS designation 'C' perforation), however, other sizes may be ordered as a 
made-to-order with sufficient lead time. The perforations shall be approximately circular and arranged in rows parallel to the 
axis of the pipe. The locations of the perforations shall be in the valley of the outside corrugation and also in each corrugation. 
The perforations shall be arranged in two equal groups placed symmetrically on either side of the lower half of the pipe. 
Please note that certain perforation patterns are not available in various parts of the United States. Please contact your 
local ADS representative for availability and ordering of class I perforations. 

TABLE II 

Denotes perforation panem made to order 
'* Spaced at 5" longitudinally for 42" and 48" and 5.5" longitudinally for 60" diameter 

I N  V A L L E Y S  0 
CORRUGATIONS 

Figure B -Class I Requirements fo r  Perforations 



Hydraulic Jump Analysis 

An analysis of hydraulic jump conditions at the proposed drop structures was 
accomplished by using a two-fold evaluation. First, each drop structure was modeled in 
HEC-RAS using a range of flows. Then, the location of the hydraulic jump was 
identified in the HEC-RAS flow profiles. Second, the Froude number at the beginning of 
the jump and the downstream (sequent) flow depth were obtained horn the HEC-RAS 
output. These values were entered into Figure 15-21 of Chow's Open-Channel 
Hydraulics, 1959. From this chart, "Length in terms of sequent depth ofjumps in sloping 
channels", the approximate length of the hydraulic jump was determined. 

A portion of Chapter 8 of the HEC-RAS Reference Manual regarding the modeling of 
drop structures is included for reference. 
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y ~ ,  the. 4 6 'c jump will recede domstream. On t;he other hand, if 
the. tailGater depth.is, greater.than yx the jump will be submerged. As 
tlie taihvater level rises, the spillway crest may be finally submerged. 
The spillway will still. be effective if the submergence does not reach the 
control depth on the spillway crest: Theupper surface of the submerged 
.nappe -may be assumed as a straight line tmgent t o  the upper surface of 
the free nappe at  the point where the nappe plunges into the tailwater. 
The upper surface of the free nappe may be represented by the general 
equation. given in Art. 141.  

In the  above discussion i t  is assumed that. the length of the spillway 
; crest is the same as the width of' the approach channel. If thecrest 
length is less than the width of the approach channel, the contraction at  
the ends of the spillway notch will be so great that the ends of the nappe 
may land beyond ihe stilling-basin sidewalls and the concentration of 
high velocities a t  the center of the outlet may cause additional scour in 
the downstream channel. It is, therefore, important to design the 
approach end properly by shaping the approach channel to reduce the 
effect of end contractions. 

The straight drop spillway is commonly installed in small drainage 
structures by the U.S. Soil Conservation Service. The simplest form of 
such a structure, known as the box inlet drop spillway, is simply a rec- 
tangular box open a t  the top and at  the downstream end [67-691. Storm 
runoff is dlrected to the box b y  dikes and headwalls, enters over the 
upstream end andtwo sides, and leaves through the opendownstream end 
leading t o a  channeloutlet. A generalized design has also been developed 
by the Service as a result of tests and analyses. at  the St. Anthony Falls 
IIydraulic Laboratory [70,71]. 

By placing a gridiron or grate on top of the straight drop spillway, 
the overfalling jet can be separated into a number of long thin sheets of 
water which fall nearly vertically into the channel below. Thus the 
energy i n  the jet can be dissipated without resort to the use of hydraulic 
jump, and hence wave action can be reduced if Fl = 2.5 to 4.5. This 
scheme has been. adopted by the U.S. Bureau of Reclamation [34,35] for 
developing a so-called drop energy di~sipator as a substitute design for 
USBR basin I V  (Art. 15-14), In  this design, the grate may be com- 
posed of a series of beams, such as'steel rails, channel irons, dr timbers, 
which farm slots parallel to the direction of Bow. The width of the slots 
is equal to  two-thirds the width of the beams. If the rails are tilted 

. ~ 
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where Q is the total dischargein cfs, W 'is the width of a. space in ft, 
N i s  the number of spaces, g is the gravitational acceleration, and yl is the 
depth of flow in. the canal-upstream. . . 

15-16. Jump in Sloping Chanriels. In.the analysis 13f hydriulic jumps 
in sloping channels or channelshaving appreciable slope, i t  ia essential to  
consider the weight of waterin the, jump;m horizontal channels the effect 
of this weight i s  negligible. Thus;the momentum formulas for jumps OD 

horizontal floor cannot be applied straightforwardly~to jumps on sloping 
floor. ' As *be shown in. this article, however, the momentum principle 
can be.used to-derive.an equation analogous to  Eq. (3-21), which will 
contain an empirical function that has to be determined experimentally. 

Early studies, on hydraulic jumps in sloping channels were made 
by Riegal and Beebe [g] and by Ellms [72,73]. Later investigations 
were made by Bakhmeteff and 'Matzke [74] and also by Yarnell' and 

. . 
Kindsvater [75]. 
, Hydraulic jump in sloping channelsmay occur in various forms, as 
-shown in Fig. 15-19. .Case 1 is .a typical form, but it is not common in 
practical problems. Cases 2 t o  4,  known as drowned-out jumps, are 
common forms. and usually appear simply as jets of water plunging into a 
downstream pool below the steep slope. For practical purposes, i t  is 
believed that the solutions for the typical form of oase 1 and for the 
drowned-out jumps :are tnUtua11y applicable. Case 5 shows the jump 
on an adverse s l~pe.  'This i s  a rare type of jump, and no adequate 
experimental data are available at  the present moment. 

For the analysis of the jump of case 1, a rectangular channel of 'xuit 
width is assumed. Considering all effective forces parallel to the channel 
bottom, the momentum equation may be written 

1 :  
I / i  

Qw 
I "  

- ( P s V ~  - PIV,) = P I  - 4 2  + W sin 0 - F, (3-14) ' ' 
Q 1 

I 

where Q = Pldl, P2 = kldl /dz,  P I  = 0.5wdI2 00s 8, P2 = 0 . 5 ~ d 2 ~  cos 0, 
F, is negligible, and and f12 may be takenas unity. If the surface 
profle ofthe jumpis a straight line, the weight of water in the jump can 
be computed. Thediscrepancy between the straight-line and actual 
profiles and the effect of slope may be corrected by.a factor If. ' Thus, 

.w = X K W L ( ~ I  + a,) (15-15) 

downward at  an angle of 3" or.more, the grate is self-cleaning. On the 
other hand, if the grate is tilted upward, it can check the upstream water ,Substituting Eq. (15-15) in Eq. (3-14), letting FI = ~ , / 1 / & ,  and 

level but may pose a cleaning problem. The length of the grate slots 
can be computed by 'The work started in 1936 by David L. Xarnell at the Iowa Imtitute of Hydraulio 

4.1& Research, Iowa. City, Iowa, was interrupted by his death in 1937. T h e  Ynrnell data 
La = (15-14) were lent to the Tennessee Valley Authority in 1939 for an e&tellsive investigation by 

- ,, WN 2/E1 Xindsvater. 
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simplifying, .Sincedl = yl cos 0 and dl = yz cos 8,:Eq. (15-18) may also be written 
. d k y - ( 2 Q 2 + l ) - ' + W a = O  dl - (15-16) @ = %(,/Fn@ - 1) (15-19) 

FI Y1 

where (15-17) The above two equations are analogous to Eq. (3-21). Since CJ = f(F1,8), 
00s 8 - these equations indicate that dz/dl and y,/yI are functions of FI and 8. 

There is a general belief [76] that K and L/(dz - dl) vary primarily 'with 
F1 and, hence, that G is a function of F1 and 8, or G = f(Fr,O). 

If Eq. (15-16) is compared with Eq. (3-20) for. level-floor jump, a 
simaarity between the two equations is evident. Following the solution 

.. for Eq. (3-20), the solution of Eq. (15-16) is apparently 

6 = % ( d m  - 1) 
dl  

(15-18) 

I 

, , 
, I 

v 

C o r e  I < < 0, Y, ~ Z ' Y Z  

4 i 

core  2 Core 3 

15-21 are based on limited experimental data with considerable 

C a s e  4 c05e 5 

FIG. 15-19. Hydraulic jumps ia sloping ch&nneIs. 
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(USBR basin V) are extracted from recommendations made by the U.S. 6. The slope of the chuteupstream from a stilling basin has little effect 
Bureau of Reclamation [34,35]: on the jump as longas the distribution of velocity and depth of flow are 

1. Determine an apron arrangement' that will give the greatest reasbnably uniform on entering the jump. 
economy for the maximum discharge condition. This is the governing 7. A mal l  solid triangular sill with a sloping upstream surface, placed 
factor and the.only justification for using a sloping apron. at  the end of the apron, is the only appurtenance needed. ' This serves to 

l i t  the flow as i t  leaves the apron and thus acts to control scour. lts 
dimensions are not critical; the most effective height is between 0.05 
and 0.10 of the vertical distance of the sequent tailwater elevrttion above 
the bottom of the toe of the jump, and the surface slope can be 3 : 1 to 2 :  1. 

Section A-A 

FIQ. 15-22. Oblique hydraulic jump. 

FIG. 15,21. Length in terms of sequent &epth of iumpa in sloping channels. (U.8 
Bureau qiJleclamation [341.) 

2. Position the apron so that the front of the jump will form at the 
. upstream end of the slope for the maximum discharge and tailwater ave angle P that depends in magnitude on the angle of deflection B of 

t he  direction of flow, or f l  = 90". 

4. mth the apron designed properly for- the maximum discharge eon- 
dition, the next step is to be certain'that the tailwater depth and basin 
length available for energy dissipation are sufficient for, say, one-quarter, 
one-half, and three-quarters of capacity., 

5. A hohontal  apron will perform on par with the  sloping apron for 
high Froude numbers, if proper tailwater is provided.. 



Chapter 8 Modefin3 Gated S p i k q s  and Wkrs 
I 

Drop Structures 
1 

Drop structures can be modeled with the inline weir option or as a series of 
cross sections. If you are just interested in getting the' water surface upstream 
and downstream of the drop structure, then the inline beir option would 
probably be the most appropriate (as described in a previous section of this 
chapter). However, if you want to compute a more debled profile upstream 
of and through the drop, then you will need to model it as a series of cross 
sections. 

When modeling a drop structure as a series of cross sdctions, the most 
I important thing is to have enough cross sections at the correct locations. 

Crms sections need to be closely spaced where the w+er surface and velocity 
is changing rapidly (i.e. just upstream and of the drop). An 
example of a drop structure is shown in Figure 8.13. 

Santa Ana RNer Model (PCH to Weir Cyn) Plan: GDM Design Evsnt 
Gsom: Santa Ana River- GDM Design Gsomslry Flow: GUM Design Flod Event 

Upper Reach --- 
315- 

310- 

.-_-I--- 

- 
8 305- 

1 ----..-..---*- m * 
300- 

295- 

1 ,  I ,  

115650 115600 115660 115700 

Main Channel DlPtancs (fl) 

Flgure 8.13 Drop Structure Modeled With Cross Sections 

As shown in Figure 8.13, the spacing between cross sections should decrease 
as you get closer to the drop structure (cross sections are located at each 
square shown on the ground profile). Additionally, if the drop itself is on a 
slope, then additional crass sections should be placed along the sloping drop 
in order to model the transition from subcritical to supercritical flow. Several 
cross sections should also be placed in the stilling basin (location of energy 
dissipaters) in order to correctly locate where the hydraulic jump will occur 



(i.e. the hydraulic jump could occur on the slope of the drop, or it may occur 
inside of the stilling basin). Manning's n values should be increased inside of 
the stilling basin to represent the increased roughness do to the energy 
dissipater blocks. 

In order to evaluate this method of modeling drop structures, a comparison 
was made between a physical model study and an HEC-RAS model of the 
drop structure. During the design phase of improvements to the Santa h a  
river, the Waterways Experiment Station (WES) was contracted to study the 
drop structures and make recommendations. The results of this study were 
reported in General Design for Replacement of or Modifications to the Lower 
Santa Ana River Drop Structures, Orange Countv. California (Technical 
Report HL-94-4, April 1994, USACE). Over 50 different designs were tested 
in 1:25 scale flume models and 1:40 scale full width models. The designs 
evaluated existmg structures, modifying original structures and replacing them 
with entirely new designs. The drop structure design used in the Santa h a  
River is similar to one referred to as Type 10 in the report. A HEC-RAS 
model was developed to model the Type 10 drop structure and the model 
results were compared to the flume results. 

The geometry for the HEC-RAS model was developed from the following 
design diagram in the WES report. 

I TYPE 10 DESIGN I 
Figure 8.14 WES Report Plate 13. 

The total reach in the model was 350 feet, 150 upstream of the crest of the 
drop structure and 200 feet below the crest. The cross sections were 
rectangular, with the following spacing used in the HEC-RAS model: 



Chaptw 8 Modelins Gated Spillways and Wews 

Location Reach Len& 

Upstream of Drop skucture: 10 feet 

Over the drop: 2 feet 

Inside the stilling basin: 10 feet 

Downstream of Structure: 10 feet 

The expansion and contraction coefficients were set to 0.3 and 0.1 
respectively. Two Manning's n values were used in the HEC-RAS model of 
the flume. Inside the stilling basin where the bottom elevation was 85 feet, the 
Manning's n values were set to 0.05. In all other cross sections the Manning's 
n values were set to 0.03. The higher n value was used in the stilling basin to 
account for the additional energy loss due to the rows of baffles that exist in 
the flume but were not added into the cross sections data of HEC-RAS. 

The original data from the flume experiments were obtained from the 
Waterways Experiment Station, and entered in HEC-RAS as observed data. 
The results of the HEC-RAS model are compared i11 profile to the observed 
water surface elevations in the flume study in Figure 8.15. These results show 
that HEC-RAS was able to adequately model the drop structures, both 
upstream and downstream of the crest. 

Some differences occur right at the crest and through the hydraulic jump. The 
differences at the crest are due to the fact that the energy equation will always 
show the flow passing through critical depth at the top of the crest. Whereas, 
in the field it has been shown that the flow passes through critical depth at a 
distance upstream of 3-4 times critical depth. However, as shown in Figure 
8.15, a short distance upstream of the crest the HEC-RAS program converges 
to the same depth as the observed data. Correctly obtaining the maximum 
upstream water surface in the most important part of modeling the drop 
structure. 

Downstream of the drop, the flow is supercritical and then goes through a 
hydraulic jump. The flume data shows the jump occurring over a distance of 
50 to 60 feet with a lot of turbulence. The HEC-RAS model cannot predict 
how long of a distance it will take for the jump to occur, but it can predict 
where the jump will begin. The HEC-RAS model will always show the jump 
occurring between two adjacent cross sections. The HEC-RAS model shows 
the higher water surface inside of the stilling basin and then going down 
below the stilling basin. The model shows all of this as a fairly smooth 
transition, whereas it is actually a turbulent transition with the water surface 
bouncing up and down. In general, the results from the HEC-RAS model are 
very good at predicting the stages upstream, inside, and downstream of the 
drop sbructure. 



Chapter 8ModdinB Gnted Spillwrysand Wn'n 

Flume study for drop structure type 10 1 
Geom: Flume Type 10 geometry Flow: q=250 ds/R TW=IW.73 

Flume, 
.------ Legend 

EG PF#l 

WS PF#l 
.-.* .... --- 
CM PFUi 

Ground 

Obs WS PF#1 

0 50 100 150 200 250 300 350 

Main Channel Dlstanm (R) 

Figure 8.15 Comparison Between Flume Data and HEC-RAS For a 
Drop Structure 
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Fa QCSW F~nal Channel 8 Des~gn 

Main Channel Distance (ft) 

I in Horiz. = 40 fl I in Vert. = 4 fl 



' C  QCSW F~nal Channel Des~gn 

I . . 
ROB 

Main Channel D~stance (ft) 
I in Horiz. = 10 ft I In Verl = 3 ft 



QCSW Flnal Channel ' q  Deslgn 

Main Channel Distance (ft) 

I in Honz = 20 ft I ~n Vert = 4 ft 



..a 
QCSW F~nal Channel Des~gn 

R1 

5660 5680 5700 5720 5740 5760 5780 5800 

Main Channel D~stance (R) 
1 in Horiz = 20 ft 1 in Vert = 3 ft 



7 QCSW Final Channel Deslgn 

. . . .  I 

1305 

- -  

1300 

Main Channel Distance (A) 
I in Horiz. = 20 R I in Vert. = 3 ft 



I 
- 

QCSW Final Channel Design 1 

Main Channel Distance (fl) 

1 in Horiz. = 20 i t  1 in Vert. = 3.A 



7 ..-a!!!!, QCSW Final Channel Design 

Main Channel Distance (ft) 

I in Horiz. = 10 R 1 in Vert = 3 A 
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Main Channel Distance (fl) 
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HEC-Ras Steady-State Flow lnput 

Queen Creek Drop Structure Jump Analysis xls HEC-Ras Flow Input 511 912003 1 1 :35 AM 









































































Scour, Seepage and Uplift 

Cut-off wall depths for structures were evaluated by comparison of (1) local scour 
calculations and (2) seepage calculations. (1) Local scour was evaluated using Type A 
and B equations representing typical scour in natural channels (see reference m this 
section for Pemberton, et al). Type D equations (Hydraulic structures across channel) 
were not used because an adequate apron was provided for each drop structure to contain 
the scour effects from turbulent flow over the drop structures (see Hydraulic Jump 
Analysis section). Cut-off wall lengths were modified to protect against undermining 
from scour based on scour depths calculated. See "Scour" section of the Rittenhouse 
Basin Section at the beginning of this notebook for further examples and explanat~on of 
scour calculations. (2) Seepage calculations were based on Lane's Weighted Creep 
method. Cut-off wall lengths were modified to satisfy the seepage length needed to 
prevent seepage and piping. A comparison of (1) and (2) was done to determine which 
cut-off wall depth was needed for each structure (deepest cut-off wall length governed). 

The seepage lengths obtained from Lane's Weighted Creep method were used to evaluate 
uplift forces acting on the structures. It can be assumed that the uplift force acting on a 
structure at a given location is proportional to the weighted creep distance (see reference 
below). An evaluation at critical points in each structure was performed to obtain the 
uplie forces. These forces were compared with the weight of each structure to ensure 
damage from uplift did not occur and that the structure design thickness was adequate 
(see "Design Of Small Dams", US Bureau of Reclamation, 1973). Finally, boulder sizing 
calculatio~s were completed based on the procedure outlined in UDFCD's Drainage 
Criteria Manual, Hydraulic Structures, pages HS-23 through 13s-25. 



Chandler Heiahts Basin Structures 

1 See "Drop Structures" section for exhibit showing location of structures. 

'see Summary of Scour Analysis Results, following pages. 

kut-of f  wall depths satisfy scour, seepage and uplift analysis requirements, see following pages 

Summary of Cutoff Wall Analyses CHts - Summary of Scour n Creep Calculations.xls 



--a Chandler Heights Basin Structures 
Summary of Scour AnalysisResults 
Local Scour Analysis -Type A and B Equations 

EMF - Drop just upstream of Det. Basin Outlet 1 3,859 1.89 4.32 1.38 2.53 3 
Lateral Weir between Queen Creek and Det. Basin - 2,312 1.83 9.16 2.23 4.41 5 
Outlet Structure from Det. Basin into EMF - 4,357 1.97 4.68 2 . 4 1  3.02 4 

1 See "Scour" sect~on for Rittenhouse Basin at beginning of this notebook for 
specifics of local scour 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. 



,/.a 
Chandler Heights Basin Structures 
Scour Input ~ a t a '  

Data Description 
Design Discharge (cfs): Q = 

Channel Width (ft): B = 
Mean Water Depth (ft): dm = 

Mean Velocity (Ws): V, = 
DischargelUnit Width (cfslft): - - 

- Channel condition7: - 
Bed Material Size (mm): D,, = 

Bed Material Size (ft): D,, = 

Data Description 
Design Discharge (cfs): Q = 

Channel Width (ft): B = 

Mean Water Depth (ft): dm = 
Mean velocity (fffs): V, = 

DischargelUnit Width (cfslft): - - 
Channel condition7: - - 

Bed Material Size (mm): D,, = 
Bed Material Size (ft): D,, = 

. . 

Structure 
No 8 

(dls of bridge) 
xs 10369 & 10448 

2,930 
100 

6.96 

3.73 
29.30 

Straight 

0.15 

0.00049 

Structure 
No 3 

(QC exst Sed inlet) 
xs 1836.5 

2,312 
50 

8.15 

3.94 
46.24 
Straight 

0.45 

0.00148 

'input data obtained from Steady State HEC-RAS Model output. 
2 Downstream cross-section used -Queen Creek Channel is constricted, unit discharge is higher, velocity is higher at this location. 
3~ownstream cross-section used - upstream cross-sections fall within sedimentation basin where velocities are lower. 
4~pstream cross-section used - downstream cross-section (6739) is inundated from Sonoqui Wash flows - velocities are lower. 
'upstream cross-section used - downstream cross-section (1298.4) is inundated from Queen Creek flows -velocities are lower. 
6~ross-section just downstream of outlet structure qsed. 
7 Type A & B Scour Equations used. For description of channel reach condition see Pemberton, Ernesti, and 

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

511 412003 Input Data for Scour Equations CHts Eq Type A-B Scour Calcs.xls 

Structure 
No 7 

(QC Sed inlet) 
xs 10153 & 10224 

2,930 
100 

7.04 

3.92 
29.30 

Straight 

0.15 

0.00049 

Structure 
No 2 

(QC outlet to EMF) 
xs 11.572 

6,627 
200 
9.51 

3.56 
33.14 
Straight 

0.28 

0.00092 

Structure 
No 6 

(QC Sed outlet) 
xs 94573 

2,930 
. 100 

7.67 

3.27 
29.30 
Straight 

0.16 

0.00052 

Structure 
No I 

(EMF drop). 
xs 11.798 

3,859 
200 
5.52 

3.37 
19.30 

Straight 

0.28 ----- 
0.00092 

. Structure 
No 5 

(QC uls SW Confl.) 
xs 6809~ 

2,930 
100 

7.02 

3.68 
29.30 

Straight 

0.10 

0.00033 

QClSW 
Lateral Weir 

xs 4482' 
2,312 

50 
8.93 

3.44 
46.24 
Straight 

0.12 

0.00039 

Structure 
No 4 

xs 1 3745 
(SW) 

3,310 
110 

7.48 

3.54 
30.09 
Straight 

0.10 

0.00033 

EMF 
Outlet Structure 

xs 11 .60g6 
4,357 

200 
9.64 

2.31 
21.79 
Straight 

0.28 

0.00092 



'a 
Chandler Heights Basin Structures 
Soil Data for Scour ~ n a l ~ s i s '  

I CHI9 I 7, 8 I SM I Silty Sand I 22.5 - 24.0 0.15 I 
' ~ a t a  obtained from Ninyo & Moore Geotechnical Evaluation, October 31, 2002. 
2 Depth 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). 

3 ~ 5 0  for some gradations could not be determined from soil data, for those samples it was 
assumed D,, = 0.10 (shown in italics). 

5/14/2003 Sod Data CHts Eq Type A-B Scour Calcs.xls 



Chandle l! eiahts Basin St ruc tu res  
Local Scour ~ n s y s i s  -Type A and B Equations 

Drop Structure No. 8 Drop Structure No. 3 

Drop Structure No. 7 Drop Structure No. 2 

Method 
Scour Depth 

Include in Average? 
Values to Average 

Drop Structure No. 6 Drop Structure No. 1 

Method 
Scour Depth 

Include in  Average? 
Values t o  Average 

Method 
Scour Depth 

lnclude in Average? 
Values to Average 

Drop Structure No. 5 Lateral Weir 

1 The use of this equation, except as a check on other methods, would be limited to channels similar to the 
studv channel which had relativelv steeo sloDes. medium to coarse sand size bed material and verv hiah 

USER I' 
5 51 
no 
n/a 

Method USBR I' Lacey 
226 

Include in  Average? no yes 
Values to Average nia 2 26 

Method 
Scour Depth 

Include in Average? 
Values to Average 

Drop Structure No. 4 Outlet Structure 

. , .  

I bedlbad transport 

USBR I' 
6 15 
no 
nla 

USBR I' 
5 51 
no 
Ma 

Method USBR I' Lacey 
Scour Depth 4.99 1.89 

yes 
Values to Average nla 1.89 

Method 
Scour Depth 

Include in Average? 
Values to Average 

I 2 ~ m p ~ r ~ c a l  curves of competent veloclty derlved by Nelil (1973) for sand or coarser material p0.30 mm) only 

Blench 
619 
yes 
6 19 

, , 

Method USBR I' 
* 

6.15 
Include in  Average? no 

Values to Average nla 

Method 
Scour Depth 

lnclude in  Average? 
Values to Average 

Structure Scour Summaries 

LaCeY 
191 
yes 
I 91 

Lacey 
1 47 
yes 
1 47 

LaCeY 
191 
yes 
1 91 

USBRI' 
5.51 
'no 
nia 

Blench 
4.32 
yes 
4.32 

USER I' 
5.51 
no 
nla 

Method USBR I' Lacey 
I Scour Depth 5 13 197 

Include in  Average? no yes 
Values to Average n/a 1 97 

CHts Eq Type A-B Scour Caics.xls 

USBR ll 
174 
yes 
1 74 

Blench 
633 
yes 
6 33 

USBR ll 
238 - 
yes 
2 38 

Lacey 
1.89 
yes 
1.89 

Blench 
6.22 
yes 
6.22 

LaCey 
1.83 
yes 
1.83 

Blench 
6 91 
yes 
6 91 

Blench 
633 
yes 
6 33 

USBR ll 
1.38 
yes 
1.38 

LaCey 
2.04 
yes 
2.04 

USBR I' 
5 55 
no 
nla 

Blench 
468 
yes -- 
4 68 

~ e i l l '  
668 
no 
nla 

Nei112 
831 
no 
nla 

USBR II 
1.92 
yes 
1.92 

Blench 
9.16 
yes 
9.16 

Lacey 
213 
yes 
2 13 

Average 

3.33 

USBR ll 
2 04 
yes 
2 04 

USBR ll 
176 
yes 
1 76 

Average 

3 61 

Nei112 
4.27 
no 
nia 

Blench 
7.18 
yes 
7.18 

Average 
- 

3.77 

Blench 
731 
yes 
7 31 

USER ll 
241 -- 
yes 
2 41 

Neil12 
5.53 
n o  
nia 

Average 

2.53 

USBR ll 
2.23 
yes 
2.23 

~ ~ ~ 1 1 ~  
8 75 
no 
nla 

~ e i l l '  
747 
no 
n/a 

Average 

3.34 

USBR ll 
1.76 
yes 
1.76 

USBR ll 
187 
yes 
1 87 

Nelll2 
208 
no 
nla 

Average 

3.47 

Average 

3.33 

Neil12 
7.24 
no 
- 

nia 

~ e i l i '  
646 
no 
nla 

Average 

-- 
3 02 

Neil12 
6.58 
no 
nla 

Average 

4.41 

Average 
- 

3.66 



;(I acey Equation 

Mean Depth Scour Depth 
Lacey's Design Discharge Channel Condition - Enter Adjustment Below Streambed 

Silt Factor d,=0.47(~lf)'" Straight, Mod Bend, Severe Bend Factor d,=Zd, 
Drop Structure f=1.76*~,,'" (ft) Right Angle Bends or Vertical Wall ' Z (ft) 

No 8 0.682 7.64 Straight 0.25 1.91 
No 7 0.682 7.64 Straight 0.25 1.91 
No 6 0.704 7.56 Straight 0.25 1.89 
No 5 0.557 8.18 Straight 0.25 2.04 
No 4 0.557 8.52 Straight 0.25 2.13 
No 3 1.181 5.88 Straight 0.25 1.47 
No 2 0.931 9.04 Straight 0.25 2.26 
No I 0.931 7.55 Straight 0.25 1.89 

Lateral Weir O.gl0 7.33 Straight 0.25 1.83 
Outlet Structure 0.931 7.86 Straight 0.25 1.97 



Blenc e quation 
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DropStructure 

No 8 
No 7 
No 6 
No 5 
No 4 
No 3 
No 2 
No I 

Lateral Weir 
Outlet Structure 

40 
(ft) 

0.00049 
0.00049 
0.00052 
0.00033 
0.00033 
0.00148 
0.00092 
0.00092 
0.00039 
0.00092 

Zero Bed Factor 
Enter from Figure 9 

Fbo 

0.73 
0.73 
0.77 
0.50 
0.50 
1.40 
1 .OO 
1 .OO 
0.60 
1 .OO 

- 

df,=(qf2"1~b,'") 
(ft) 

10.56 
10.56 
10.37 
11.97 
12.19 
11.52 
10.32 
7.19 
15.27 
7.80 

Channel Condition -Enter 
Straight,. Mod Bend, Severe Bend 

Right Angle Bends or Vertical Wall 

Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 

Adjustment 
Factor 

2 )  

0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 
0.6 

Scour Depth 
Below Streambed 

d,=Zd, 

(ft) 

6.33 
6.33 
6.22 
7.18 
7.31 
6.91 
6.19 
4.32 
9.16 
4.68 



'@I Equation 

Mean Depth 
Design Discharge 

d 
Drop Structure 

No 8 
No 7 

Scour Depth Mean 
Velocity 

Vm 

No 6 
No 5 
No 4 
No 3 
No 2 
No I 

Lateral Weir 
Outlet Structure 

Below streambed 
d*=d(V",N,-I) 

(ft) 
6.96 
7.04 

(ft) 
6.68 

Dso 

1 Minimum used because bed material size is less than 0.001 ff (0.3 mm) for all location/structures. 

7.67 
7.02 
7.48 
8.15 
9.51 
5.52 
8.93 
9.64 

BED-MATERIAL GRAIN SIZE (mm) 
0.3 0.5 a3 10 2 3 5 7 10 20 30 - ?  70 IOC? 

200 3 0 0  ; " ; '  I . & I  1 % I I t ,  
I 1 1  1 1  i I t I I 1 1  , I /  I 

1 
1 I I 1 1 :  112 

Competent Mean Velocity 
(Figure 12)' 

Vc 
( Ws) 
3.73 
3.92 

I 1 
1 1 I I I I J  

0.001 0.002 I 1 I I 1 1 1  
0.005 0.01 

1 
0.02 0.05 0.10 0.20 0.50 

14 
1.0 

BED-MATERIAL GRAlM SIZE I i t  1 

3.27 
3.68 
3.54 
3.94 
3.56 
3.37 
3.44 
2.31 

F i g u r e  12. - Suggested competent mean v e l o c i t i e s  f o r  s i g n i f i c a n t  bed movement 
o f  cohes ion less  m a t e r i a l s ,  i n  terms of g r a i n  s i z e  and deprh o f  f l o w  ( a f t e r  
Meill, 19731. 

(ft) 
0.000492 
0.000492 

/ 511412003 Neill Equation CHts Eq Type A-B Scour Calcs.xls 

( Ws) 
1.9 
1.9 

0.000525 
0.000328 
0.000328 
0.001476 
0.00091 9 
0.000919 
0.000394 
0.000919 

1.9 
1.9 
'1 .9 
1.9 
1.9 
1.9 
1.9 
1.9 



a Equation 

Drop Structure 
No 8 
No 7 
No 6 
No 5 
No 4 . 

No 3 
No 2 
No I 

Lateral Weir 
Outlet Structure 

+ Gobernodor 

Empirical curve from 
(;oiis?eo CPeek dopa 

ds " ~ , 4 5 q ~ ' ~ ' q i n c h -  pound ' 

ds= I.32g '."" mefj-ic 

511 412003 USER I & II Equations CHts Eq Type A-B Scour Calcs.xls 

USBR I 

K 
(K=2.45) 
2.45 
2.45 
2.45 
2.45 
2.45. 
2.45 
2.45 
2.45 
2.45 
2.45 

USBR I1  

d , = ~ q ' . ~ ~  
' (ff) 
5.51 
5.51 
5.51 

- 5.51 
5.55 
6.15 
5.68 
4.99 
6.15 
5.13 

Mean Depth of 
~ e s i g n  Discharge 

dm ' 

6.96 
(ft) 

7.04 
7.67 
7.02 
7.48 
8.15 
9.51 
5.52 
8.93 
9.64 

Channel Condition -Enter 
Straight, Mod Bend, Severe Bend 
Right Angle Bends or Vertical Wall 

Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 
Straight 

Adjustment 
Factor 

Z 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
0.25 

Scour Depth 
~ e l o ' w  Streambed 

d,=Zd, 

(fi) 
'1.74 
1.76 
1.92 
1.76 
1.87 
2.04 
2.38 
1.38 
2.23 
2.41 



Maximum head an structure between analysis points (dropcrest and apron Sill (one foot less than actual dror, height)). 

A 10% reduction in the acceptable Creep Ratio is allowed for when weep holes, filter drains or pipe drains are utilized. 

I' IZSZU lo rorrtlale me cdloff *a!l dcplns nccaed lo n w i l  Lane'd MaignrzJ .rasp rallo rcq~lremenls (genera! v z  2xc-loff wd I aepln - slrucrure in cdness) 
Drop No 2 ncluavs 3 0 x2 fur an existr>.i cUl-off na l  lo remj , I  

(?able 7.3, p.7-25, Drainage Design Manual, Volume I!, Hydraulics, Flood Control District of Maricopa County, January 28th. 1996 

from construction plansfor Chandler Heights Detention Basin 

Lane's Weighted Creep RaBo CHts - Summary of Scour n Creep Calculations.xls 



Chandler Heights Basin Structures 

Uplift Forces and Grout Thickness ~equirements" 

'eased upon a grouted riprap specific weight of 150 ibsm3 

'ln feet of water (62.4 lbsif13) 

'eased on iane's Weighted Creep caiculations - US Bureau of Reciamation, "Design of Srnali Dams", 1973. 

4~ssum~t ion  is made that required thickness is 1.5 times greater than the effective thickness due to empw space between boulders 
in the upper half of the layer (above grout layer). 

91312003 Upllfl Forces CHIS - Summary of Scour n Creep Calculat~ons xls 

v - - - 

Saturated Ground Cond~tron 
(max head =drop height) 

Average Upllfl 
Force 

- T 
///A' 



Drainage Design Manual for Maricopa County, Volume II, Hydraulics 

. ..~. . . 
7.3.2.5 Seepage and Uplift Forces: The most common technique for-seepage analysis $ ; 
is that proposed by E.W. Lane (1935), commonly referred to a s  "Lane's Weighted-Creep 
Method. The essential elements of this method are paraphrased as follows: 

1. The weighted-creep distance of a cross-section of a drop structure is the sum of 
the vertical creep distances (along contact surfaces steeper than 45 degrees), 4, 
plus one-thd of tke horizmtd creep distances (along contact surfaces less than 
45 degrees), L. 

2. The weighted-creep head ratb is defined as: 

3. Lane's recommended weighted-creep ratios are given for various foundation 
materials in Table 7.3. 

4. Reverse filter drains, weep holes, and pipe drains are aids to provide security 
from seepage, and recommended safe weighted-creep head ratios may be 
reduced as much as 10 percent, if used. i 

5.  Care must be exercised to insure that cutoff walls extend laterally into each bank 
so that flow will not outflank them. 

6. The upward pressure to be used in design may be estimated by assuming that the 
drop in pressure from headwater to tailwater along the contact line of the drop 
structure and cutoff wall is proportional to the weighted-creep distance. 

Seepage is controlled by increasing the seepage length such that C, is lowered to a 
conservative value. Soils tests must be taken during design and confirmed during 
construction. These tests are especially critical for reinforced concrete structures. 

- An example of this technique can be found in Design of Small Dams (USBR, 1987). An 
alternative approach is to use a flow net or computerized seepage analysis to estimate 
subsurface flows and uplift pressures under a structure. Seepage considerations should 
be included in the design of cutoff walls, wall footings, drains, filters, structural slabs, 
and grouted masses. 

Locating a seepage cutoff wall upstream of the crest of a drop structure and using 
horizontal impervious blankets can be effective. It is also very important to control 
lateral seepage around the structure. . i 

7-24 January 28,1996 
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Table 7.3 
Lane's Weighted-Creep: Recommended Ratios 

Medium sand 

7.3.3 Drop Selection 

There are four major considerations for the selection of the type of drop structure for a 
particular application: 1) surface flow hydraulic performance; 2) foundation and seepage 
control; 3) economic considerations; and 4) construction considerations. Other factors 
which can affect selection are land uses, aesthetics, safety, maintenance, and anticipated 
downstream channel degradation. 
. 

7.3.3.1 Surface Flow Hydraulic System: The primary consideration for the selection 
of a drop structure should be functional hydraulic performance. The surface flow 
hydraulic system combines channel approach and crest hydraulics, sloping or vertical 
drop hydraulics and downstream tailwater conditions. Hydraulic analysis procedures are 
presented in Section 7.3.2. Additional guidelines are also contained in Section 7.3.4. 

7.3.3.2 Foundation and Seepage Control Systems: Table 7.4 presents some typical 
foundation conditions and control systems typically used for various drop heights. Table 
7.4 is presented only as a guide. The hydraulic engineer must calculate hydraulic 
loadings which can occur-for a variety of conditions such as interim construction 
conditions, low flow, and flood flow. The soils/foundation engineer couples this 
information with the on-site soils information. Both work with a structural engineer to 
establish fmal loading diagrams, and selection and sizing of structural components. This 

January 28,1996 7-25 





I DESIGN OF SMALL DAMS 
I ! 
I 

The locations and extent of these devices to ob- 
tain optimum safety and economy of design de- 
pend on many conditions. Therefore, only 
devices or combinations of devices which might 
be used with relatively simple diversion dams 
are discussed. 

178. Aprons.-A concrete apron may be 
placed upstream of the dam in conjunction 
with one of the various types of cutoff walls. 
The functionof the apron is to increase the 
length of the path of percolation in order to 
reduce uplift under the main portion of the 
dam. Usually the apron is connected to the 
dam and to a concrete cap over the cutoff with 
'flexible waterstops, which allow differential 
mbvement to take place without accompanying 
detrimental cracking. The safety of the struc- 

! :  
tufe may be further improved by placing an 

i i&pervious earth blanket over a portion of the 
concrete apron and the streambed upstream 
from it. 

:,Downstream concrete aprons have two func- 
tions. They lengthen the path of percolation 
in. the foundations and also provide a basin 

I! Si 1) where , . :  the energy of the overflowing water may 

' E be safely dissipated. Energy dissipation on 

1, the concrete helps to prevent dangerous erosion 
at the toe of the dam. In cases where i t  is not 

i feasible to construct a concrete apron of suffi- 
cient length to avoid erosion completely, addi- 
tional protection may be gained by placing 
riprap downstream from the apron. 

179. Cutoff Walls.-Cutoff walls may be con- 
1, structed of timber, concrete, cement-bound 1 curtains, steel sheet piling, or impervious earth 

compacted in a trench. Each type can be ef- 
', 'fective under apprzpriate circumstances. 

Timber piling may be used as cutoffs under 
upstream or downstream aprons. Dimension 
timber piling is not recommended where driv- 
ing is necessary. Better construction practice 
consists o f  erecting overlapping treated tim- 

. , bers in an excavated open trench and then 
backfilling and compacting impervious material - 
in the trench around the timbers. This 
method prevents brooming or splitting of the 
timbers which results when timber is driven 
through sand and gravel. If the piling is 
seated on an impervious stratum and is prop- 

. . 
erly connected to the concrete apron, a tight 

barrier to underseepage is provided. 
Concrete cutoffs may be used under aprons 

or under the overflow section. They may be 
constructed by trenching with a machine or by 
hand labor and backfilling against the undis- 
turbed sides of the trench, or they may be con- 
structed by forming the concrete wall in an 
open excavated trench and then backfilling and 
compacting impervious material in the trench 
and around the wall. A concrete cutoff is 
probably the best type of wall for preventing 
underseepage and is often used. In addition 
to acting as a cutoff, such a cutoff can be de- 
signed to contribute substantially t o  the stabil- 
ity (sliding resistance) of the dam when placed 
under the overflow section. 

Cement-bound curtain cutoffs hare been used 
under the upstream apron of a few concrete 
,gravity structures by the Bureau of Reclama- 
tion. The construction of this type of cutoff is 
described in section 131 (e) 

Sheet piling cutoffs of interlocking steel sec- 
tions are often used under the apronsof diver- 
sion dams. A discussion of sheet piling cut- 
offs will be found in section 131 (d) . 

180. Filters and Drains.-Reduction of uplift 
pressure under downstream apron or down- 
stream toe of the dam may be accomplished by 
pipe drains. Drains are often of sewer pipe 
and are laid in graded material which acts as a 
filter. They may be perforated pipe or plain 
pipe laid with open joints. The drains may be 
located at  the downstream toe of the dam, a t  
selected places under the downstream apron, 
and immediately upstream from the down- 
stream cutoff. 
, Weep holes are commonly used for reduction 

of -uplift pressure' under aprons and excessive 
pressure behind walls. It is important 'that 
the gradation of t h e  filter materials used in 
conjunction with the weep holes be carefully 
selected with respect to the gradation of the 
foundation materials to prevent piping. Both 
uniform grain-size and graded filters are used. 
The design of filters is given in section 131 (h) 
and (i). 

181. Uplift and- Seepage.--Cutoff walls, 
aprons, and drains are installed for two rea- 
sons: To control the amount of seepage under 
the dam, and t o  limit the intensity of the uplift 
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so that the stability of the structure will not be 
threatened. Several factors such as head on 
the dam, permeability of the foundation, length 
of upstream and downstream aprons, depths 
aiid tightness of cutoff, and effectiveness of 
drains enter into consideration of underseep- 
age and uplift. 

The magnitude and distribution of seepage 
pressures in the foundation and the amount of 
underseepage for a given coeficient of permea- 
bility can be obtained from a flow net. Flow 
nets properly constructed are more accurate 
than Lane's weighted-creep theory (discussed 
below), and result in more realistic determina- 
tions of seepage pressures and piping. An ex- 
cellent discussion of flow nets is given in ref- 
erence [33.] of chapter VI. 

The amount of underseepage can be ap- 
proximated by use of the Darcy formula, as 
given in section 130 (b) . The weighted-creep 
theory, as developed by Lane [5] may be used 
as a means for designing low concrete dams on 
pervious foundations. Although this is an em- 
pirical method, considerable. confidence has 
been placed in i t  by many engineers and it has 
been successfully used for the design of many 
structures. 

Mr. Lane gives credit for various concepts of 
creep analysis to the early Mestigators, Clib- 

~eresford,  Bligh, Griffith, and others. 
did, however, test his theory by analysis of 
.e than 200 dams on pervious foundations, 

s and nonfailures. , His main con- 
s (omitting those regarding the "short- 

is not applicable here) were. as 

(1) The weighted-creep distance of a cross 
section of a dam is the' sum of the ver- 
tical creep distances (steeper than 45") 
plus one-third of theihorizontal er'eep 
distances (less than 45"'j. 

) The weighted-creep $$ad ratio is the 
~~eighted-creep distaq+ diRded by the 
effective head. ..., 

) Reverse filter drains, '$veep holes, and 
pipe drains are aids t o  security from 
underseepage, and r~,commended safe 
weighted-creep head &ios may be re- 
duced as much as 10 percent if they are 

(4) Care must be exercised to insure that 
cutoffs are properly tied in a t  the ends 
so that the water will not outflank them. 

( 5 )  The upward pressure to be used in de- 
sign may be estimated by assuming that 
the drop in pressure from headwater t o  
tallwater along the contact line of the 
darn and foundation is proportional to 
the weighted-creep distance. 

Based on his findings, Mr. Lane recom- 
mended the weighted-creep ratios shown 
below : 

Material:  

Very fine sand or s i l t  . . .. .... . -~.- 

Boulders wi th  some cobbles and gravel 

Very ha rd  clay o r  hardpan .~~~~ 

Figure 224 is an example of the application 
of Lane's weighted-creep theory t o  the design 
of a concrete dam. In this example, the design 
is investigated to determine on what types of 
foundations this dam would be judged safe 
from piping and the magnitudes of the uplift a t  
various points under the structures are cal- 
culated. For the purposes of this example, it 
is assumed that the maximum head differential 
occurs with the headwater a t  the elevation of 
the crest. All other combinations of head- , 

Figure 224. Typical section of o concrete d m  on o pervious foun- 
dation. 288-0-2511. 



water and tailwater should be investigated to The uplift may be computed as indicated 
establish maximum loading conditions. 

For figure 224 : 

stream cutoff or by increasing the apro 

Head on structure=Headwater-tailwater 
=25-5=20 feet The dam shown in figure 224 is a rather co 

a more complicated design such as a dam with 
According to Lane's recommended ratios, this two deep cutoffs, which requires 
dam would be safe from piping on clay or on cation of the 'lshort-path" theory, has been 
medium and coarse gravel, but not on silt, omitted. Mr. Lane's article [5] should be con.. 

dation as indicated by conclusion (3 ) .  

pendent variables [6] and Rao's relax 
Uplift, point A=20- method [7] which can he used for making 

foundation level) 

=20-11.1+5. are highly mathematical they are not discussed 
in this text. 

Seepage forces and piping in a pervious 

Uplift, point B=20- (15+15+10+3+3+ 10) foundation are discussed. in sectioil 130 (c) . 
72 The possibility of piping may be alleviated by 

X20+5 several methods. As shown on figure 224, a 
=20-15.6+5 cutoff may be constructed a t  the downstream 
~ 9 . 4  feet. end of the apron. A drain laid in graded ma- 

terial which acts as a filter may be placed 
immediately upstream of the cutoff, or riprap 
on a graded blanket of gravel may be placed on 

=21,840 pounds Per fooL of crest the material downstream of the apron to in- 
! crease the downward forces. 

I 

, 182. General.-If a concrete dam is appreci- tion of the proper type of cement and by care- 
ably more than 50 feet in length, i t  is necessary ful control of mixing and placing prbcedures 
to divide the structure into blocks by providing (see appen&x F). In no case, however, is it 
transverse contraction joints. The spacing of advisable to exceed 50-foot spacing of contrac- 
the joints is determined by the capacity of the tion joints in constructing small concrete dams. 
concreting facilities to be used and considera- Where foundation conditions are such that un- 
tions of volumetric changes and attendant desirable differential settlement or displace- 
cracking caused by shrinkage and temperature ment between adjacent blocks will occur, shear 
variations. The possibilities of detrimental keys are formed in the contraction joints. @ cracking can he greatly reduced, by the selec- These may be formed vertically, horizontally, 



Emergency Spillway 

The emergency spillway is located adjacent to the EMF along the west edge of the 
Chandler Heights Basin just north of the basin outlet structure. It is 550 feet in length 
along the crest. Access across the spillway is maintained with 10:l ramps at each end 
extending from the top of the embankment (e1.1309) two feet down to the crest (e1.1307). 
The spillway is protected from scour during operation by rock mattresses and a cut-off 
wall (see Detail). 

Three hydraulic conditions were evaluated to determine the adequacy and design of the 
spillway: 

1) Per the HEC-RAS model, the maximum discharge entering the detention basin 
over the side weir during the 100-year storm = 3,225 cfs. If the assumption is 
made that the detention basin is already full and the outlet structure is closed, then 
the entire peak flow coming over the side weir must be able to pass over the 
emergency spillway on the opposite side of the detention basin (see point 2). 

2) Per broad crested weir calculations, a discharge of 3,225 cfs would correspond to 
a headwater elevation of approximately 1308.6 (see Plotted Curves). The 
maximum discharge that could be conveyed over the emergency spillway = 
4,600 cfs without overtopping the embankment (see Plotted Curves). 

3) The HEC-RAS model indicates that during the 100-year storm and with the outlet 
structure closed (plugged), the maximum stage in the basin would rise to 1307.87. 
Per broad crested weir calculations, the flow conveyed at this headwater elevation 
is approximately 1,268 cfs (see Worksheet and Plotted Curves). 



Curve 
Plotted Curves forl~road Crested weir( 

Project Description 

Worksheet Emergency Splllway - Chandler Helghts Bas 

TYPE Broad Crested Weir 
Solve For Discharge 

Input Data 

Crest Elevation 1,307.00 ft 
Tailwater Elevation 1,302.00 ft 
Crest Surface Type Gravel 
Crest Breadth 30.00 fl 
Crest Length 558.70 ft 

Attribute Minimum Maximum Increment 

Headwater Elevation (ft) 1.307.00 1.309.00 0.20 

Worksheet: Emergency Spillway - Chandler Heights Basin 
Discharoe vs Headwater Elevation 

I .  

1307.2 1307.4 1307.6 1307.8 1308.0 1308.2 , 1308.4 1308.6 4308.8 1309,O 
Headwater Elevation 

( ft ) . . 

k:\ ... \loo% design calcs\ernergency spillway.fm2 Kirkham Michael Consulting Engineers 
Project Engineer: Jason Kelley 

FlowMaster "6.1 161401 



Worksheet 
Worksheet forproad Crested weir] 

Project Description 

Worksheet Emergency Spillway - Chandler Heights Bas 

Type Broad Crested Weir 
solve For Discharge 

Input Data 

Headwater Elevation 1.307.87 ft 
Crest Elevation 1,307.00 R 
Taiiwater Elevation 1,302.00 ft 
Crest Surface Type Gravel 

Crest Breadth 30.00 ft 
Crest Length 558.70 ft--- a 4-10, 

Results 

Discharge 1,268.38 cfs 
Headwater Height Above Crest 0.87 ft 
Tailwater Height Above Crest -5.00 ft 
Discharge Coefficient 2.80 US 
Submergence Factor 1 .OO 

Adjusted Discharge Coefficient 2.80 US 
Flow Area 486.1 ft2 
Velocity 2.61 fVs 
Wetted Perimeter 560.44 ft 

Top Width 558.70 ft 

Project Engineer: Jason Kelley 
k:\ ... \TOO% design calcs\ernergency spillway.fm2 Klrkham Michael Consulting Engineers FlowMasterv6.1 I61401 
09130103 01 :43:23 PM Q Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 USA (203) 755-1666 Page 1 of I 



SEE TYPlCM SECTION 
Ohll ROAD AN0 EMBANKMENTS 
ON OWE NO. GI0 FOR lKFlNlTl0N 
OF COORDINATE POINTS SHOWN 

EXCAVATION TO EXT 
ON PLAN W E T S  

AT 381 YOPE FROM 

I PROP E W  BOTTOM / I 
EMF CHANNEL 

TYPICAL SECTION 
NTS 

-_/-- 

2. REFER TO SPECIPL PROVIS 
SECTION 5 0 7  FOR UNREINF 

NOTES ON OWG. W. G3 

EMERGENCY SPILLWAY 
4. 12' CONCRETE CUTOFF WALL AND 12' TYPICAL SECTION. 

MATTRESS SHALL EXTEND w 10~1 SLO 
AT EACH END OF EMERGENCY SPILLWA 



Y Emergency Spillway Rock Mattress Design 

Design of the rock mattress portion of emergency spillway was determined during phone 
conversation with Rob ~ ~ e r s  (Maccaferri Inc.) on 9130103 and &om his preli&nary 
calculations. Due to the shallow depth of flow (0.87 feet over the crest) and relatively low 
velocity (less than 10.0 fps - per Maccaferri) down the 3:l face of the emergency 
spillway, a 12" thick gabion mattress would suffice for protection of the embankment. A 
15-foot long apron is recommended at the toe of the embankment so that if removal of 
sediment occurs at the end of the rock mattress, the apron would migrate downward, thus 
protecting the embankment from undermining. 



Chandler Heights Basin Summary 
Project Control No. 121-03-33 

Logan Simpson Design 
12/03 

Chandler Basin will be connected to a Town of Gilbert water line that is located in Queen 
Creek Road near Higley Road. The contractor will be responsible for tapping the water 
line, installing corporation stop, curb stop, valve box and service line according to the 
Special Provisions and as detailed. The contractor will then install approximately 1045' 
of 4" Schedule 40 PVC to reach the site. The contractor will then install a 2" reduced 
pressure assembly master valve and flow sensor as detailed. Another 4" Schedule 40 
PVC run of approximately 1000' then connects to the 3" schedule 40 PVC mainline that 
will loop the entire basin. 

The power for controller 'A' will be taken from an existing power pole located on Queen 
Creek Road just west of Higley Road. The contractor will be responsible for running 
conduit from the existing power pole through the new SES cabinet to the new irrigation 
controller and installing conductor from the SES cabinet to the controller as detailed. 
Salt River Project will, after acceptance of the contractors installed equipment, hang a 
120 V transformer on the existing rise pole, pull conductors from the SES cabinet to the 
new transformer and make the final electrical connection. The power for controller 'B' 
will be taken from an existing power pole located on Higley Road just south of Ocotillo 
Road alignment. The contractor will be responsible for running conduit from the existing 
power pole through the new SES cabinet to the new irrigation controller and installing 

a conductor from the SES cabinet to the controller as detailed. Salt River Project will, after 
acceptance of the contractors installed equipment, hang a 120 V transformer on the 
existing rise pole, pull conductors from the SES cabinet to the new transformer and make 
the final electrical connection. 

Controller 'A' will be divided into 8 programs ruuning at the most three remote control 
valves at one time. There are four tree programs and four shrub programs. The tree 
programs will run at a maximum of 4 hours each and the shrubs at 1 hour each for a total 
of 20-hour water window. The trees in the middle of the summer would operate every 
fifth day and the shrubs every third. 

Controller 'By will be divided into 7 programs running at the most three remote control 
valves at one time. There are four tree programs and three shrub programs. The tree 
programs will run at a maximum of 4 hours each and the shrubs at 1 hour each for a total 
of 19-hour water window. The trees in the middle of summer would operate every fifth 
day and the shrubs every third. 

The highest flow for any of the programs will be 29.8 gallons per minute (GPM) see 
attached pressure loss summary 

Gate valves will be installed at approximately 2500' intervals and at major tees in the 
mainline to be able to isolate specific areas in the system. 



Pressure Loss Calculations for Chandler Heights Basin 
By Logans Simpson Design 

a PRESSURE LOSS SUMMARY 

Project No. ,005333 Name Chandler Heights Basin 
Proiect Control No. 121-03-33 

POC No. 1 .O 

Program No. 5.0 

Flow 29.8 GPM 

Static Pressure @ main 

Pressure Losses Calculations: 

Per conversation with Albert Bringas 70.00 PSI 
City of Gilbert on 12/8/03 

Service Line Size 2" Type copper Length 100 -0.96 PSI 

Meter Size 2" -0.72 PSI 

Backflow Preventer Size 2 PVB RPA X -12.00 PSI 

Supply Line Size 4" Sch 40 X X Dist 2052' -0.51 PSI 

Mainline Loop Size 3" Sch 40 X Dist 14172' -14.23 PSI 
(Dist. Equals 112 of looped main) 

Control Valve Model No. RB PESB Size 1" -1.80 PSI 

Submain 

Subtotal of losses 

Fittings and Misc. 10% Subtotal -31.32 x 10% 

Total Loss 

Required pressure @ regulator for operations -25.00 PSI 

Required Pressure to overcome losses, operate system -59.45 PSI 

Net excess/(deficient) pressure available 

Conclusion: there appears to be adequate system pressure to operate system 

-1.10 PSI 

-31.32 PSI 

-3.13 

-34.45 PSI 

10.55 PSI 



PHONE CONVERSATION a Doug Mattbews/Logan Simpsou Design 

Date: 11-8-03 

Time: l:00 PM 

With: Arnold Bringas Utility Field Supervisor 

Project: EMF 

Project#: 015251 

Phone: 480 503-6417 

Message: I confmed the pressure at both Rittenhouse and Chandler Heights Basins they are as follows: -. 

Action: 
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From: Rick Allred <ricka@ci.gilbert.az.us> 
To: 'David Violette' cdviolette@kirkham.com> 
Date: Wed, Nov 19,2003 10:22 AM 
Subject: RE: Addresses for EMF basins 

Dave, 
I have your addresses: 
The 2" water meter at Pecos and Power 7048 south Power Rd. 
The electric meter at Higley and Ocotillo 3204 Esat Ocotillo Rd. 
The 2" water meter at Higley and Queen Creek 4810 south Higley Rd. 
The electric meter on Higley south of Queen Creek 4840 south Higley rd 

----Original Message--- 
From: David Violette [mailto:dviolette@kirkham.com] 
Sent: Thursday, November 13,2003 1052 AM 
To: ricka@ci.gilbert.az.us 
Cc: djr@mail.maricopa.gov 
Subject: Addresses for EMF basins 

Rather than fax the material to you I have assembled the attached PDF 
that includes the request letter and the three dwgs which show the 
required address locations. PIS let me know if you have questions. 

Dave 

David A. Violette, PE 
Kirkham Michael Consulting Engineers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 



From: Rick Allred <ricka@ci.gilbert.az.us> 
(' To: 'David Violette' <dviolette@kirkham.com> 

Date: Wed, Nov 19,2003 10:45 AM 
Subject: RE: Addresses for EMF basins 

6848 South Power Rd 

---Original Message----- 
From: David Violette [mailto dviolette@kirkham.com] 
Sent: Wednesday, November 10,2003 1025 AM 
To: ricka@ci.gilbert.az.us 
Subject: RE: Addresses for EMF basins 

Thanks, Rick. 

What address for the electric meter for Rittenhouse near the NWC of 
Power Rd and Pecos Rd (align)? 

Dave 

- - - - - - - 
David A. Violette, PE 
Kirkham Michael Consulting Engineers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 

>>> Rick Allred <ricka@ci.gilbert.az.us> 11/19/03 10:20:04 AM >>> 
Dave, 
I have your addresses: 
The 2" water meter at Pecos and Power 7048 south Power Rd. 
The electric meter at Higley and Ocotillo 3204 Esat Ocotillo Rd. 
The 2 water meter at Higley and Queen Creek 481 0 south Higley Rd 
The electric meter on Higley south of Queen Creek 4840 south Higley 
rd. 

-Original Message--- 
From: David Violette [mailto:dviolette@kirkham.com] 
Sent: Thursday, November 13,2003 10:52AM 
To: ricka@ci.gilbert.az.us 
Cc: djr@mail.maricopa.gov 
Subject: Addresses for EMF basins 

Rather than fax the material to you I have assembled the attached PDF 
that includes the request letter and the three dwgs which show the 
required address locations. Pls let me know if you have questions. 

Dave 

- - - - - - - 
I i @ David A. Violette, PE 
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MEETING DOCUMENTATION 
KMA will rely on these notes to represent the interpretation of the items discussed and the resolutions thereof during 
the meeting unless written notice to the contrary is received by the author within seven calendar days of the issuance 
of these notes. 

PROJECT: EMF - Rittenhouse and Chandler Heights Basins MEETING DATE: 9/24/03 

MEETING LOCATION: SRF' East Valley offices ENGINEER. Dave Violette 

SUBJECT: Irrigation electric services KMPROJECTNO.: 01 12925 

PRESENT: FCDMC: Grant Ingram; SRP: Craig Wacker; KM: Dave Violette 

DISCUSSION: 
For both basins: 

Service size: 100-amp service 
Service conduit, meter setting, and ancillary items constructed by: Contractor 
Meter installed by: SRP 
Contact: SRP (602) 236-8833 
Fee to be paid by: Contractor as an incidental cost to the bid items for the installation of the irrigation system. 

For Chandler Heights Basin: 
Controller A: 

Address: (Dave will send request to Rick Allred with drawing showing location of connection, and Rick will 
get us an address) 

Connection location: Pole PRO101 on the south side of Queen Creek Road west of Higley Road 
Meter and transformer location: In easement on FCDMC property and just north of Queen Creek channel 
At the time of preparation of these Special provisions the estimated service connection fee is: $4,800 
Notes: The electric service conduit can be in the same easement as the water, but not the same trench. SRP 

asks for at least 2' separation, MAG says 7'. SRP can take a second position on an easement if needed. 
This service would use a pole riser to connect between pole and underground; rnn underground to the 
termination point that is still in the easement and where the pad-mounted transformer and post-mounted 
meter would be set; then the service line would be nm underground to the controller location further in. 

Controller B: 
Address: (Dave will send request to Rick Allred with drawing showing location of connection, and Rick will 

get us an address) 
Connection location: A switch south of Ocotillo Road alignment and on east side of Higley Road 
Meter and transformer location: In FCDMC property and just south of Ocotillo alignment and east of Queen 

Creek channel 
At the time of preparation of these Special provisions the estimated service connection fee is: $4,800 
Notes: While SRP would prefer to have their service run in an easement, in this case the District does not own 

the land adjacent to Higley nor on either side of Ocotillo alignment between Higley and the Queen Creek 
channel. The electric service conduit would rnn in Higley ROW as needed, then in Ocotillo alignment to 

K:\Ol\Ol12925 -EMF DShWOCUMENTS\MEETING MINUTESMTG SRP POWER 030924.DOC 

9201 North 25" Ave + Suite 350 + Phoenix, AZ 85021 + (602) 944-6564 + FAX (602) 944-6592 



the point inside the project boundary. The pad-mounted transformer and post-mounted meter would be 
installed at that point, and the service line run to the controller. 

For Rittenhouse Basin: 
Address: (Dave will send request to Rick Allred with drawing showing location of connection, and Rick will 

get us an address) 
Connection location: The first pole on the north side of Pecos Road alignment and west of Power Road 
Meter and transformer location: North side of Pecos Road alignment and in the Rittenhouse basin property 
At the time of preparation of these Special provisions the estimated service connection fee is: $2,100 
Notes: The transformer would be pole-mounted and the meter would be post-mounted. 

AuthoredBy: Dave Violette Issue Date: 9/24/03 

D&b-ibufion To: All Attendees, File, Don Rerick, Barry Ling, Doug Matthews 
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MEETING DOCUMENTATION 

KMA will rely on these notes to represent the interpretation of the items discussed and the resolutions thereof during 
the meeting unless written notice to the contrary is received by the author within seven calendar days of the issuance 
of these notes. 

PROJECT: EMF - Rittenhouse and Chandler Heights Basins MEETZNG DATE 9/23/03 

MEETINGLOCATION: Town of Gilbert ofices ENGINEER: Dave Violette 

SUBJECT: Irrigation water services KMPROJECTNO.: 01 12925 

PRESENT: FCDMC: Grant Ingram; Town of Gilbert: Rick Allred; Logan Simpson Design: Doug Matthews; 
KM: Dave Violette 

DISCUSSION: 
For both basins: 

Meter size: 2" landscape meter 
Main tap constructed by: Contractor 
Service line, meter box, and ancillary items constructed by: Contractor 
~ e t e r  installed by: Town of Gilbert Water Department 
Contact: Community Development Counter Staff 
Permit to Request: Engineering Water Tap Permit 
At the time of preparation of these Special provisions the service connection fee is: $17,922.46 6 Fee to be paid by: contractor as an incidental cost to the bid items for the installation of the irrigation system. 

For Chandler Heights Basin: 
Address: (Dave will send request to Rick Allred with drawing showing location of tap, and Rick will get us an 

address) 
Tap location: 16" domestic water main on the north side of Queen Creek Road west of Higley Road 
Meter location: South side of Queen Creek Road and on FCDMC property 

For Rittenhouse Basin: 
Address: 6630 S Power Road (Doug will verify that this is the address given to him for this location) 
Tap location: Future 16" domestic water main on the north side of Pecos Road west of Power Road 
Meter location: North side of Pecos Road and in the Rittenhouse Road right-of-way 

Authored By: Dave Violette Issue Date: 9/23/03 

Dktribution To: A11 Attendees, File, Don Rerick, Barry Ling 

K:\01\0112925 -EMF DSMDOCUMENTSMEETINO MINUTESWG GILBERT WATER 030923 DOC 
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Memorandum 

To: File From: Dave Violette 
Subject: Sanitary sewer elevations in Ocotillo Rd at CHB Date: 11/20103 
Job Number: 01 12925 

The existing sanitary sewer (and water main) was constructed by the Town of Gilbert after the CHB 
project started. The Town was provided with planned elevation info for the new CHI3 for use in their 
design. 

Our surveyor, CEI, did an as-built survey of the manholes and valves in Dec 02 and this data was used in 
our drawing base for final design. This includes rim and invert elevations and locations for the sani* 
sewer and valve box elevations and locations for the water main. 

This review shows that the planned CHB improvements will not impact the now-existing sewer. 
However, some manholes will need to be raised and one manhole lowered. Some valve boxes also need 
to be raised. 

' We reviewed the design drawings for both projects, provided by the Town of Gilbert and initially 
incorporated the locations on our plans. Those locations were revised as necessary once we had record 
drawing data. We also reviewed the record dwgs for the sewer project. These were provided by Town of 
Gilbert and a e  dated for record drawing purposed on 5/17/02. - 

K:\O1\0112925 - EMFDSMDOC~S\DESIGNMEMORANDUMS AND CRlTERIAMM OCOTILID RD SEWER 031120.DOC 

9201 North 25th Avenue + Suite 195 Phoenix, AZ 85021 + (602) 944-6564 FAX (602) 944-6592 
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MEETING DOCUMENTATION 
KMA will rely on these notes to represent the interpretation of the items discussed and the resolutions thereof during 
the meeting unless written notice to the contrary is received by the author within seven calendar days of the issuance 
of these notes. 

PROJECT: EMF MEETING DATE January 29,2004 

MEETING LOCATION: Field, at CHB ENGINEER: Dave Violette 

SUBJECT: Coordination with SRF' KMPROJECTNO.: 0112925 

PRESENT: Don Rerick, Gary Maiers (FCD); Greg Wilson and Bob Maldonado (SRP); Dave Violette (KM) 

DISCUSSION: 

Considering the 69KV power line crossing the property in the Ocotillo alignment. 

Greg said that Brent Bornmann of SRP is actually the person who needs to be involved because it is a 69KV line. 
However, he said he would discuss it with us and relay the info back to Brent. He also identified Floyd Hardin 
from SRF' as being involved regarding access to the SRP poles and lines. Greg said maintenance on the pole line 
would likely be done using the Condor equipment, which he characterized as being quite large with limited turning 

(@ capabilities. The Condor has a boom with a 100' reach, so access immediately adjacent to the pole is not so critical 
but access nearby with adequate turning radii is. It was discussed that O&M access to the poles could be achieved 
by using the planned basin O&M roads. The O&M road loop is accessed off of Higley Road just north ofthe 
Queen Creek Wash crossing. The maintenance access routes through the landscape node areas at the pole 
alignment would be modified to accommodate the tuming radii required for the Condor. 

Don described the situation regarding SRF' poles and showed them our drawings. Greg thought that SRE' would 
likely change to steel poles instead of wood in order to give more clearance under the new, longer spans. As we 
discussed the arrangements at the west side, near the EMF, and the east side, associated with the Queen Creek 
channel it became clear that replacing all poles in the basin area with steel poles made sense. This would allow 
greater spans and would allow SRP construction to be done ahead of basin and channel construction, getting the 
power lines out of the way of the basin and channel contractor. Further, it appears that replacing seven existing 
wood poles with four steel poles would he a good solution. This is all subject to Brent Bommann's review and 
design. The four new poles would be located adjacent to a proposed O&M road or maintenance access road so 
access for the Condor equipment would he facilitated. Using steel poles also allows greater spans, and obviates 
having to change the basin design at the breach between the south and north basins. 

Access 

Greg indicated: 
That a minimum of 25' clearance from pole to edge of basin slope is required. 
That the four feet (4') high landscape earth berms near the poles and under the lines is acceptable. 

The proposed pole modifications, beginning with the west most pole at the EMF and moving east is as follows: 
The west most "double dead-end" pole and the next pole east will be removed and combined into a single 
steel pole located a minimum of 25' west of the west top of slope of the basin breach. 

K\0110112925 - EMF DSNKJOCUMENTSUIEETING MlNUTESlMTG CHB WITH SRP AND FCD 040129 DOC 
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The next pole (third from west) presently located within the basin breach will be removed and replaced 
with a new steel pole located a minimum of 25' east of the east top of slope of the basin breach. 
The next two poles (fourth and fifth from west) will be removed and combined into a single steel pole to 
be located a minimum of 25' west of the west top of slope of the new Queen Creek Wash Channel. 
The next pole (sixth from west) presently located withim the new Queen Creek Wash Channel will be 
removed and replaced with a new steel pole to be located at the present location of the existing pole 
(seventh from west) immediately east of the existing Queen Creek Wash. 

KM will do the following to facilitate SRP's work: 

1. Modify the maintenance access roads, O&M roads, and intersections to allow access by the Condor 
equipment to the new pole locations. Minimal changes will be done to the O&M roads, focusing instead on 
the maintenance access road features. These changes are on the landscape plans. 

2. Send to SRP the Microstation base files they would need to design their new pole locations. These files 
would be in a merged format so that only one DGN file is needed, and would be clipped to show the strip 
along Ocotillo road only. 

3. Provide a coordinate listing of the existing poles to SRP and FCD to be used in identifying the new pole 
locations. 

4. The existing references on the "C" sheets regarding existing poles to be relocated and new poles to be 
installed can be removed. 

5. If available in time from SRP, the new pole locations will be shown on the plans. 

(' Authored BJX Dave Violette Issue Date: 01/29/04 

DWibution To: A11 Attendees, File, Bany Ling 
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MEETING DOCUMENTATION 
KMA will rely on these notes to represent the interpretation of the items discussed and the resolutions thereof during 
the meeting unless written notice to the contrary is received by the author within seven calendar days of the issuance 
of these notes. 

PROJECT: EMF MEETING DATE: February 4,2004 

MEETING LOCATION: SRP offices, 998 W Washington, ENGINEER Dave Violette 
Tempe 

SUBJECT: Coordination with SRF' KMPROJECT NO.: 01 12925 

PRESENT: Don Rerick, Gary Maiers (FCD); Jim Mapes, Floyd Hardin (SRP); Dave Violette 

DISCUSSION: 

Considering the 69KV power line crossing the property in the Ocotillo alignment. 

Don described the project and timing for construction, and reviewed the field meeting held on January 29,2004. 

Dave presented a strip map showing the improvements along Ocotillo Road alignment from the EMF to Higley 
R O ~ .  1t was lee for SRP. 

SRP said that their maintenance access using 15' O&M roads is tine for normal pickup truck access, but when they 
have to do heavy maintenance their crane equipment needs a 20' roadway and has a 100' inside turning radius. The 
outside edges of the crane can easily pass over low ground cover, but anything higher might catch on the 
equipment. 

We discussed the pole relocations that were identified in the field meeting. It seems that the pole just east of the 
EMF should be relocated to the approximate location of the existing douhle-dead-end pole rather than further east. 
The more easterly location might also require changes to the pole just west of the EMF. Jim will look into this as 
he does his design. 

Don described the expected construction schedule, and it seems that SRP construction could be done during the 
winter of 2004. 

SRP does not have easement rights in Ocotillo alignment. 

Don described the possible future Town of Gilbert road in Ocotillo alignment, but we agreed that any changes for 
the Flood Control project should not try to anticipate what the future road requirements would be for pole 
locations. 

Don told them that KM will provide an electronic copy of the strip map Dave had brought. Dave said he was 
waiting for some landscaping changes so that info could be included. He expected to have the electronic copy to 

e SRP this week, with a copy to Don. 

We said the CADD map will have coordinates for the pole locations. Jim asked if we had stationing along Ocotillo. 
but Dave said they only used coordinates. Dave said KM will provide coordinates for the intersection of Ocotillo 
K \01\0112925 - EMFDSNLDOCUMENTSIMEETING MINUTESWTG CHB WITH SRPAND FCD 040204 DOC 



and Higley Road and for the quarter section comer in the EMF, so SRP's surveyors could use those for control. 
They will develop their bearings from that info and develop their own stationing and offsets. 

Don said that while construction is not urgent, he would appreciate it if SRP could get their new pole locations to 
KM right away so KM can fmish their plans using that info. 

Authored By: Dave Violette Issue Date: 02/04/04 

DMibution To: All Attendees, File, Bany Ling 

Don Rerick, FCD, 602+506-4878, dir@mail.maricopa.gov 
Gary Maiers, FCD, 602+506-0562, psm@,mail.maricova.gov 
Jim Mapes, SRP, 602+236-8631, jama~es@smnet.com 
Floyd Hardin, SRP, 602+236-8327, fehardin@sivnet.com 
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TELEPHONE CALL RECORD 

PROJECT: EMF Chandler Heights Basin DATE: 02/02/04 

Mike Gonzalez, Town of Gilbert 
CALL To: Senior Plans Examiner-Engineering 

ENGINEER: Kirkham Michael 

CALL FROM: Dave Violette KMPROJECT NO.: 01 12925 

DISCUSSION, AGREEMENT AND/OR ACTION: 

I asked if the Fire Department needed to also review and approve the drawings pertaining to the existing 
water line vertical relocation in the EMF just north of Chandler Heights Road. I told him the Town 
Engineer, Rick Allred, had already reviewed the plans and specs, approved them, and had signed the 
mylars. 

Mike said that Fire Department review and approval is not necessary. 

KMA will rely on these notes to represent the interpretation of the items discussed and the resolutions thereof unless 
written notice to the contrary is received by the author within seven calendar days of the issuance of these notes. 

Authored By: David A. Violette Issue Date: 02/02/04 

Distribution To: Mike Gonzalez, File, FCDMC e 
K:\01\0112925 - EMF DSN\DOCUMENTS\CORRESPONDENCEUIEM GILBERT FIRE DEPT NOT NEEDED 040202.DOC 
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From : Mike Gonzalez <MikeG@ci.gilbert.az.us> 
( @  TO: 'Davld Violette' <dviolette@kirkham.com> 

Date: 02/02/04 3:26:49 PM 
Subject: RE: Water line approvals 

That's fine. Thanks. 

----- Original Message----- 
From: David Violette [mailto:dviolette@kirkham.com] 
Sent: Monday, February 02, 2004 3:22 PM 
To: MikeG@ci.gilbert.az.us 
Subject: RE: Water line approvals 

How's this one? 

Thanks, 
Dave 

- - - - - - - 
David A. Violette, PE 
Kirkham Michael Consulting Engineers 
9201 North 25th Avenue, Suite 195, Phoenix AZ 85021 
Direct (602) 328-5718, office (602) 944-6564, fax 997-5980, cell 
292-4864 

>>> Mike Gonzalez <MikeG@ci.gilbert.az.us> 02/02/04 3:17:29 PM >>> 
Could you please modify your communication record to reflect that your 
inquiry about Fire Dept approval was relevant to what I understood to 
be a 
set of plans already reviewed and approved by the Town of Gilbert 
(Rick 
Al1red)and involved lowering an existing water line? Thanks. 

----- Original Message----- 
From: David Violette [mailto:dviolette@kirkham.coml 
Sent: Monday, February 02, 2004 2:59 PM 
To: mikeg@ci.gilbert.az.us 
Subject: Water line approvals 

Mike: 

See attached. Pls let me know rlght away if anything needs to be 
changed. 

Thanks for your help, 
Dave 

- 
David A. Violette, PE 
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Memorandum 

To: File From: Dave Violette 
Subject: EMF - TOG approvals Date: 1/19/04 
Job Number: 01 12925 

I sent copies of related drawings and spec sections to Rick Allred, Town Engineer, Town of Gilbert, 
asking for his review and approval related to: 

work at Chandler Heights Basin to connect the irrigation service 
work at Rittenhouse Basin to connect the irrigation service 
work at Chandler Heights Basin to lower the water main crossing the EMF 

I tried to reach him several times by phone and email, but got no response. Then, on 1/14/04 I sent the 
mylars ready to be signed along with a transmittal, a copy of which is attached. I received the mylars 
back around 1/17/04, signed by Rick Allred. From this I assume that he approves the plans and specs as 
submitted to him. 

@ End: Copy of Transmittal dated 1114104 

K:\01\0112925 - EMP DSN\DDCLMBNTS\CORRESPONDENCEUIEM TOG APPROVAL 0401 19.DOC 
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M KIRKHAM Transmittal 

MICHAEL 
Omaha Des Moines Denver 

I 
Phoenix 4 Ellsworth & Louisburg, KS 

CONSULTING E N G I N E E R S  www.kirkham.com 

To Town of Gilbert Date 01114104 

Address 1025 South Gilbert Road 

Gilbert AZ 85296 

Attent~on R~ck Allred Fax - 

Project EMF Job No. 01 12925 

Subject Mylars for signatures 

WE TRANSMIT: 5 herewith 17 under separate cover 
in accordance with your request 0 

FOR YOUR: €4 approval distribution otherldescribe 
IJ review and comment recordlfiles 

use 17 information 

THE FOLLOWING: Ed drawings 17 change order see below 
specifications shop drawings 

@VIA: telecopier El deliveries 17 hand carry - 17 overnight express pick-up mail 

Quantity Description Dated Code* 

1 ea Rittenhouse Basin Phase C027 cover 01104 E 

1 ea Chandler Heights Basin Phases C028, C029, C030, and C031 covers 01104 E 

*CODE A. Act~on ~ndicated on item transm~tted D. For signature and forwarding as 
B. No act~on required noted below under REMARKS 
C. For signature and return to this office E. See REMARKS below 

REMARKS There is work related to Gilbert's water andlor sewer system in the plan sets submitted. 

I sent you copies of the plans on 12/10/03 (see copy of letter attached) ask~ng for your review. Hearing 

The Chandler Heights Basin Phase C028 cover also needs Fire Dept slgnature. 

We need these back by 1119104 to meet our schedule with Flood Control. 

e cc: Don Rerick, Barry Ling 

Transmitted by Dave Violette Approved by 

K\O1\0112925 - EMF Dsnld001mentsumn~mH18IIW.MT Grlbert mylers M0113 doc 
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STRUCTURAL CALCULATIONS 

I EAST MARICOPA FLOODWAY 
CHANDLER HEIGHTS 

DETENTION BASIN 

MARICOPA COUNTY, AZ 

.OOD CON 
PREPARED FOR: 

TROL DISTRICT OF MARICOPA COUNTY 
A 2801 West Durango Street 

Phoenix, k 85009 

KW(HAM MICHAEL KM job #: 01 12 92s 

Consulting Engineers cover+ 10 pages 

9201 North 25bAvenue Suite 150 Phoenix, AZ 850Z 602-944-6564 FAX 602-944-6592 
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JOB #: 01 12 925 PROJECT: Chandler Heights Detention Basin SHEET: 1 of 10 
DATE: 03/03/02 DESIGNED: BWS CHECKED: JPB 

Table of Contents 

Design Criteria 

Trash Rack Design 

Maintenance Road Slab Design 

9201 North 25th Avenue + Suite 195 t Phoenix, AZ 85021 t (602) 944-6564 4 FAX (602) 944-6592 
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CONSULTING ENGINEERS 

JOB #: 01 12 925 PROJECT: Chandler Heights Detention Basin SHEET: 2 OF 10 
DATE: 05/03 DESIGNED: BWS CHECKED: JPB 

DESIGN CRITERIA 

DESIGN CODE: AASHTO STANDARD SPECIFICATIONS FOR HIGHWAY BRIDGES, 
DIVISION I, 1 7 ~ ~  EDITION, 2002 

LOADS: 
LO,\DS WF.Rt: DLI'kKMIKFD .4SD .4PI'LIED IY ,\C('ORDr\SCL I U  TIIE rZ,\SH'l'O jTr\Kl).\RD 
SPECIFICr\TIONS FOR HlGH\i'AY BRIDGES, I)I\'ISIOK I, 1 7 ~ '  l'I)ITIOU, ?0)2, AKIZOYA 
DEPARTI\IESl' Ot I'KANSPORTATION AND Mr\l<lC'OP.A ASSOCI:\TION O r  (;OVEl<h\ILX 1's 

STEEL: 

STRUCTURAL BARS AND PLATES ASTM A572; GRADE 50 

STRUCTURAL CHANNELS ASTM A36 

CONCRETE: 

CONCRETE 28-DAY STRENGTH: f, = 3,000 psi 

REINFORCING STEEL: f, = 60,000 psi 

BOX CULVERT, APRONS AND WING WALLS WERE DESIGNED AND DETAILED PER ADOT 
SPECIFICATIONS. MODIFICATIONS TO THE BOX CULVERT EITHER MET OR EXCEEDED THE ADOT 
STANDARD. THEREFORE, THE DESIGN IS O.K. BY WSPECTION. 

9201 North 25th Avenue t Suite 195 t Phoenix, AZ 85021 t (602) 944-6564 t FAX (602) 997-5980 



KIRKHAM Job number: 01 I 2  925 

MICHAEL 
CONSULTING ENGINEERS 9201NorthZSthAu~ue~Suu~195. ~hoenir.~z85021 of 10 

Project: C~AUPLER J'Z1611-C~ RTE+~~, WJ %ISIAJ Date: /Z-lZ-oZ- 

Subject: T ~ a s a  Rnrx Designed: &.IS Checked: 
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ShapeBuilder 2.0 
~ o h n ~ r e s t i n  
Kirkham Michael & Assoc 
Thu. December 12,2002 

=. r f + c ~  . _  4 r j b  

Name: Shape1 
Area: 1.500 inA2 
CG: (-4.913,1.957) 
Ix: 1.125 inA4 
ly: 0.031 inA4 
IXV: 0 inA4 
lpolar: 1.156 inA4 
Sx: 0.750 inA3 

Overall Properties 

Sy: 0.125 inA3 
rx: 0.866 in 
ry: 0.144 in 
rp: 0.878 in 
Zx: 1.125 inA3 
Zy: 0.188 inA3 
J: 0.112 inA4 
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Daro Butt Hinges Page 2 of 2 
Sac-fl '? oFlJ 

114" 4 x 4 520402 527402 522402 
114" 4.5 x 4.5 520409 527409 522409 
114" 5 x 5  520417 527417 522417 
114" 6 x 4 520418 527418 522418 
114" 6 x 6  520420 527420 522420 
Call for pricing & availability. All dimensions in Inches. 
Return To Tog 

A 

Not Available 
Not Available 
Not Available 
525400 
525402 
525409 
525417 
525418 
525420 

Popular High Load Butt Hinges 
Thickness Size Capacity 620 Series 627 Series 622 Series 625 Series • A B X C  
511 6" 4 x 4  500# 620344 627344 622344 625344 
318" 5 x 5  800# 
318" 6 x 4  950# 
318" 6 x 6  950# 
112" 5 x 5  1,000# 
112" 6 x 4 1,200# 
112" 6 x 6 1,200# 
112" 8 x 6 1,500# 
314" 8 x 6 2,000# 

I Call forpricing & availability. 

620513 627513 6225 13 
62061 0 627610 622610 
620612 627612 622612 
620613 627613 622613 
6206 16 627616 622616 
620816 627816 622816 

All dimensions in inches. 

Return To Top 
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Permits 
The following permits must be obtained by the Contractor for this project. 

Chandler Heights Basin 
A permit will be needed from the Town of Gilbert to construct the irrigation water 
service that crosses Queen Creek Road. 

A permit will be needed from the Town of Gilbert to construct the water main vertical 
relocation across the EMF. 

A permit will be needed kom the Town of Gilbert to construct the irrigation water 
service that crosses Queen Creek Road. 

A permit will be needed from the Town of Gilbert to construct the irrigation electric 
service in Higley Road. 

A noise permit will be needed from the Building and Code Compliance Department of 
the Town of Gilbert. 

An Arizona Pollutant Discharge Elimination System (AZPDES) permit will be needed 
from the Arizona Department of Environmental Quality. This is the stormwater vollution 

A 

a prevention plan ( s W ~ P )  program. 

An Earthmoving (Dust Control) Permit will be required, issued by Maricopa County 
Environmental Services Department. 

A discharge permit under Section 404 has been acquired by the Flood Control District. 



• Right of Way 
The following rights-of-way must be obtained for this project, as shown on the plans. 

Chandler Heights Basin 
The District must acquire ownership or rights to the Queen Creek channel from 
Roosevelt Water Conservancy District to construct the new Queen Creek channel. 

Temporary construction easements will be needed from the Shamrock property for 
construction of the new Queen Creek channel. 


