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INTRODUCTION AND MASTER TABLE OF CONTENTS 

RYTRODUCTION 

A-N West was contracted by the Flood Control District of Maricopa County (FCDMC) to obtain 
detailed mapping, prepare hydroloa and perform the hydraulic analysis for the 100-year storm 
floodplain delineation of Padelford D'ash between State Route 73 and Central Arizona Canal. 

The data in support of this study has been compiled in four volumes of the Technical Data 
Yotebook (T.D.N.) as summarized klow. 

T.D.N. Volume 1 of 3 Base Technical Data Notebook with correspondence, Scope of \ITork, Smrey 
Notes Draft F.I.S. Report. 

T.D.N. Volume 2 of 3 - Hydrolog Report - Including watershed Maps, Hard and Digital Input 
Report -Including Hard and Digital Input/Output and Draft 200 scale work maps. 

T.D.N. Volume 3 of 4 - Hydraulic Analysis Results Report - Including HEC-RAS Model and 
Digital inputfoutput and Draft 200 Scale Work Maps. 

T.D.N. Volume 4 of 4 - Field Reconnaissance with Photos of the structures and (h3 Value 
Estimations, As-Built Plans etc. and Hydraulic Parameter Estimation Summary. 
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FIELD RECONNAISSAiYCE & HYDRAULIC PARAMETER ESTIMATION 

4.4.1 INTRODUCTION. 

A-N West made several site visits to photograph and evaluate Manning's 'N' values for 
both the detailed hydraulic analysis and for the hydrologic model on a routing. 

The detail study hydraulic analysis reaches are shown on Exhibit 1 and involve: 

Padelford Wash - fiom CAP Canal to S.E. comer 
Section 3 1. T6N, R1 W ........................................ 1 Miles 

Tributorv 'A'; to Padelford Wash - fiom Confluence 
To S.R. 74 ........................................................ 1 9  haes  

Triiutorv 'B', to Padelford Wash - fiom Confluence 
To S.R. 74 ...................................................... 0 .  Miles 

Triiutorv 'C', to Padelford Wash - fiom Confluence 
To S.R 74 ....................................................... .1.2 h a e s  

Split No. 1 - fiom Padelford to CAP ................................. .2.1 Miles 
Split No. 2 - fiom Padelford to CAP ................................ ..2.1 haes  
Split No. 3 - fiom Padelford to CAP ................................. .2.1 Miles 
Split No. 4 - fiom Split No. 3 to CAP ................................ .0.8 Miles 

Total. ....... ..l6.l ,Miles 
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4.4.2 HYDROLOGIC STORAGE ROUTING 

a.) Central Arizona Project (CAP) Canal 

In order to evaluate storage routing at the CAP canal as well as to document this hcility, design / 
as-built plans, specifications were obtained for the CAP Canal embankments, overchute structure 
design and details. These plans, specifications and details are included in Appendix 'A'. 

Appendix 'B' contains the storage versus elevation data for ponding upstream of the CAP Canal 
embankment as developed fiom this study's 200 scale 2' C.I. mapping. Also included in 
Appendix B are discharge versus elevation calculations for each of the overchute structures. The 
overchute structure inverts were field surveyed on this study's elevation datum. 

The following Table 1 summarizes the six CAP Canal overchute structures with Exhibit 1 location 
I.D., stationing, size and CAP Design Outflow. Also show2 on Table 1 are the calculated 
capacity at ponding high-water elevation of 1553.0, or approximately 3.5 feet fiom the top of 
levee of 1556.6 +. 

b.) State Route 74 

TABLE 1 
CAP OVERCHUTE SUMMARY 

Study Capacity 
at H. W. Eli 
1553.0 (cfs) 

In order to evaluate the potential storage-routing and capacity impact of the major hydraulic 
structures along State Route 74, these as-built plans were collected and are included in Appendix 

CAP Design 
100yr - 6 hour 
Outflow (cfs) 

435 
435 
1,305 
435 
43 5 
1,305 

The S.R 74 culvert inverts were field surveyed on mapping datum. 

Size 

1 - 72" Dia. 
1 - 72" D k  
3 - 72" Dia.. 
1 - 72" Dia 
1 - 72" Dia. 
3 - 72" Dia. 

Exhibit 1 I.D. 
No. 

1 
2. 
3 
4 
5 
6 

In order to model the storage - routing impact of the more s i m c a n t  culverts (over 42" dia.), 
storage - routing input parameters for the HEC - 1 hydrologic analysis were developed as shown 
in Appendix 'E'. There are a number of smaller 24 - 36" culverts which were not considered 
sigdicant enough to warrant identlfjring and modeling sub-areas. Also, one 42" culvert was not 
modeled as it intercepted only a small portion of a subarea, which was routed through an 
adjacent larger structure, again to simp& the modeling. 

CAP Sta. 

240 + 00 
253 + 00 
272 + 35 
279 + 00 
298 + 70 
315 + 00 
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Appendix 'E' contains storage versus elevation calculations from available 200 scale mapping, at 
either 2' or 10' C.I. Also in Appendix 'E', are discharge versus elevation calculations. In some 
cases the detailed mapping was extra-polated based on U.S.G.S. quadrangle mapping and site 
observations to develop elevation versus volume calculations. 

These culverts are anticipated to pass the peak discharges without overtopping. As the hydrologic 
modeling progresses, this assumption will be evaluated further. 

The following Table 2 summarizes the Exhibit 1 I.D. proposed contributing HEC - I 
concentration point and pipe 1 culvert size. 
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TABLE 2 
DIA. - 

PIPE SIZE 

6' x 7' RCB 
6' x 5' RCB 
3 - 10' x 8' RCB'S 
4 -  10' x 10'RCB'S 
6' x 5' RCB 
3 - 10' x 10' RCB'S 
2 - 12' x 10' RCB'S 
10' x 6'. RCB 
6' x 5' RCB 
2 - 8' x 6' RCB'S 
42" RCP 
54" RCP 
8' x 5' RCB 
2 - 10' x 8' RCB'S 
60" RCP 

Exhibit I.D. 

A 
B 
C 
D 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
0 

SUMMARY OF S.R. 74 

ADOT Sta. 

620 + 35 
640 + 20 
642 + 63 
654 + 29 
662 + 70 
681 + 47 
683 + 63 
691 + 30 
692 + 55 
709 + 40 
713 + 70 
717 + 26 
720 + 55 
734 + 07 
782 + 95 

CULVERTS OVER 42" + 

HEC -1 INFLOW 
I.D. 

SB 36 
SB 38 
SB 34 
CO 31 
SB 32 
CO 63 
C06 1 
SB 64 
SB 64 
SB 68 
SB 70 
SB 70 
SB 72 
SB 76 
SB 92 



4.4.3 MANNING'S 'N' VALUE ESTIMATION 

Manning's 'n' values u7ere estimated using two references. The first document, "Estimated 
Manning's Roughness Coefficients for Stream Channels and Floodplains in Maricopa County, 
Ariina", was prepared by U.S. Geological Survey (USGS) Water Resources Division by B.W. 
Thompson and H. W. Hialmarson for the Flood Control District of Maricopa County, dated, April, 
1991. The other reference used urn "Open Channel Hydraulics" which was written by Ven Te 
Chow, Ph.D.; published by McGraw Hill Book Company in 1959. 

Field visit observations of vegetation, and channel and overbank 'n' value characteristics were 
noted and representative photo-mphs were taken. The photos are included in this report and are 
referenced uith orientation of ph to ,  estimated 'n' values and location by geographical proximity 
to landmarks such as CAP Canal. State Route 74, Section Lines, or Con£luences with other 
washes. 

Appendix 'D' contains, the basic forms for estimating 'n' values, page D - 1 - D - 2. Site visit 
photos follow, annotated with location, dimensions and 'n' value estimations. 

Also in Appendix 'D' are additional culvert information including FEMA forms for the (3) sets of 
S .R. 74 culverts to be analyzed in detail as part of the hydraulic analysis by HEC - RAS model. 

In general channel 'n' values were estimated to range fkom 0.037 to 0.040. The wash beds were 
generally a sand cgravel material, without s i m c a n t  obstruction (rocks, trees). The bank generally 
involved hea~y  trees. 

The overbank 'n' value was generally estimated and proposed as 0.065. Significant overbank flow 
is not anticipated. If overbank flow occurs it will generally be shallow and encounter si_rmificant 
trees brush and changing land forms. 
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4.4.4 INSPECTION MAINTENANCE OF LEVEES (CAP CANAL) 

The CAP Canal has levees which pond floodwaters upstream of the CAP Canal. The overchute 
structures convey the storm water across to downstream washes. 

A-N West wrote to the Bureau of Reclamation to request information on these levees and 
structures as show-n in Appendix 'A'. 

In response the attached design / as-built plans and specifications were received. The Central 
Arizona Water Conservation District (CAWCD) %-as identified as the agency that is responsible 
for maintenance of the levee. A copy of the contact person's business card, Mr. Randy Randolph, 
P.E.. Central Arizona Project, C i~ i l  Engineering Division Supenisor is included in Appendix 'A'. 

The CAP Canal design plans are dated August 1975. A-N West's general site visit observations 
of the levee, for this study were that the levee appeared to have been adequately maintained and 
\-as in adequate condition. 
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4.4.5 OBSERVATION OF POSSIBLE OVERFLOW AREAS 

Several sigdicant flow splits occur fiom the main Padellord uash, several hundred f e t  north of 
the Dove Valley Road alignment. 

Three of these, \vhich are proposed to be hydraulically analyzed separately, were identified as 
Split 1, Split 2, and Split 3. These three flow splits continue to the CAP Canal. 

A fourth flow spht, identified as Split 4, branches off fiom Split 3 near U'hite Mrig Road and 
continues to the CAP Canal. It also is proposed to be hydraulically analyzed separately. 

Within the areas of Splits 1 - 4 are potential for shallow overflow and splits into less significant 
and definable washes. These more minor flow splits and shallow over flow map be appropriately 
defined as a shallow flooding zone "AO", which uill be further evaluated as detailed hydraulic 
analysis progresses. 

At the westerly edge of the watershed approximately 2,200 feet west of 163'~ A~enue at the 
north edge of the CAP Canal, there is a possible breakout to the west out of the study area for 
ponding of the Canal above approximately elev. 1539. The flow breaking out to the west could 
continue flowing westerly to several other CAP overchutes. These westerly overchutes are 
receiving runoff fiom a s i_dcant  additional watershed. It would therefore not be easy to assess 
backwater effkcts which may limit this breakout. 

Initially, A-N West proposes a conservative assumption, that no breakout occurs due to the 
westerly watersheds contribution to ponding along the CAP Canal. This assumption that the 
backwater of the adjacent watershed's ponding will prevent sigdicant breakouts \;ill result in a 
conservative or possibly hgher ponding elevation. 
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TOTAL WATERSHED DRAINAGE WRY. = SQML. 

LEGEND 
0 MIDGE 
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-u 
A Central Arizona Project 

23636 NORTH 7TH STREET P PHOENIX. ARlZONA 85024 
(602) 870-2333 

1 
0: A-Kwest Inc., Consulting Engineers 

7600 N 15th Street, Suite 200 

Phoenix, AZ 85020-4331 
Attn: Gregory A. Scheulke, PE, RLS 

GENTLEMEN: 

WE ARE SENDING YOU - 
-! S5cp drawings 

7 
LA C~spy of letter 

Attached Under separate cover via the following items: 

Prints plans samples Specifications 

Change order 

CGDIES i DFiAWlNG NO. 

1 / 344-330-1305 

/ I n ~ u t  Data for Unit Hverographs, Havden-Rhodes AQ, Reach 9 

I ! I 

DESCRIPTION 

Granite Reef Aqueduct, Location Map 
I 

1 i 

1 
THESE ASE TRAF<S!:ITiED as checked Se!ow: L! Initial Submi3al Resubmittal 

- 
:' For a?proval Approved as subnitled C Resubmit copies for approval 

For you: ;lse Approved as noted C! Submit copies for distribution 
- 
'2' As rquested a Returned for corrections Return corrected prints 

C] For rsview and comment 

- -  

Input Data for Flood Routing, Hayden-Rhodes AQ, Reach 9 

REPLY TO: David W. Gunn, PE 
Engineering Manager 

I 

SIGNED 

A- 1 
FORM FPM 500 (R 9/95) I '  





INPUT DATA FOR FLOOD ROUTING 
HAYDEN-RHODES AQUEDUCT REACH 9  

STATION STRUCT. SIZE INVERT CREST STORAGE CAPACITY DATA 
TYPE ELEV. ELEV. ELEV* ACaFT ELEV. AC-FT. 

Pipe OC 7 2 "  1540 .97  1556 .0  1 5 4 8  0  1549  4 1  
Pipe OC 7 2 "  1 5 4 0 . 7 1  1 5 5 0  1 4 1  1 5 5 1  3 0 1  
Pipe OC 7 2 "  1 5 4 2 . 4 2  1 5 5 2  519  1553 796 
Pipe OC 7 2 "  1 5 4 0 . 1 1  1 5 5 4  1 1 3 1  1555 1513 
Pipe OC 7 2 "  1 5 4 0 . 2 7  1 5 5 6  1927 1557 2373 
Pipe OC 7 2 "  1 5 4 0 . 0 8  1 5 5 8  2 8 5 1  
Pipe OC 7 2 "  1 5 4 0 . 3 8  
Pipe OC 7 2 "  1 5 4 0 . 3 0  
Pipe OC 3-72 "  1 5 3 9 . 1 6  
Pipe OC 7 2 "  1 5 3 9 . 1 0  
Pipe OC 7 2 "  1538 .95  
Pipe OC 3-72 "  1 5 3 8 . 8 2  

3 4 2 + 4 0  Culvert 7 2 "  1516 .18  1 5 3 7 . 2  1 5 1 6  
1 5 2 0  
1 5 2 4  
1 5 2 8  
1 5 3 2  

+a+'' 
3 7 6 t 8 0  Culvert W' 1 5 1 0 . 0 0  1536 .9  1 5 1 0  

1 5 1 8  
1 5 2 6  
1 5 3 3  

459+30  Culvert 3 0 "  1 5 1 9 . 5 0  1 5 3 6 . 3  1 5 1 8  
1 5 2 2  
1 5 2 6  
1 2 3 0  

480+90 Culvert 3 0 "  1515 .83  1 5 3 6 . 1  1516  
1 5 2 0  
1 5 2 4  
1 5 2 8  

492+30  Culvert 4-72 "  1 5 0 0 . 0 0  1 5 3 6 . 1  1 5 0 0  
1 5 0 8  
1 5 1 6  

5 3 8 t 2 5  Culvert 3 0 "  1 5 1 9 . 6 0  1535 .7  1 5 2 0  
1 5 2 8  
1 5 3 6  



INPUT DATA FOR FLOOD ROUTING Page Z of 2 
HAYDEN-RHODES AQUEDUCT REACH 9 

STATION STRUCT. SIZE INVERT CREST STORAGE CAPACITY DATA 
TYPE ELEV. ELEV. ELEV. AC.FT ELEV. AC.FT. 

549i00 Culvert 30" 1513.18 1535.6 1212 0 1514 0.2 
1516 0.4 1518 0.7 
1520 1.3 1522 2.3 
1524 3.7 1526 5.7 
1528 8.5 1530 12.1 
1532 16.8 1534 22.9 

561i40 Culvert 72" 1508.00 1535.5 1508 0 1510 0.6 
1512 1.4 1514 2.6 
1516 4.6 1518 8.0 
1520 12.6 1522 19.1 
1524 28.2 1526 40.6 



. . -. - - 
DATA FCR UNIT HPC;ROQZAPIIS 

STATION AREA GRAPH CHANNEL CENTEZOlD SLOPE CURVE PRECIP~ATION 
Sq.Mi. SCS/W Miles Miles ft/mi. No. 100-yr 50-yr 3-hr 

. - ... - -. 
,- ' -36t12 

- 52t80 
85t70 
119t70 
159t50 
180+50 
190t60 DIiTEYEON DIKE FORY STATION 10t00 m' 323t50 
216t80 79.5 W 16.7 6.5 79.6 78 3.15 2.85 
240tOO 
253i-00 
272t35 
279tOO 
298t70 
315tQO 

342t40 0.84 SCS 1.12 0.49 141 95 3.44 3.11 

433t85 0.39 SCS 0.92 0.43 228 96 3.44 3.11 
1 - - ;  

- 1 45930 0.15 SCS 0.47 0.34 587 79 3.44 3.11 

480t90 0.33 SCS 1.28 0.50 308 71 3.44 3.11 

549t00 0.16 SCS 0.78 0.40 664 82 3.44 3.11 





Consulting Engineers January 19,2000 

Mr. Richard Dent 
Bureau of Redamation 
Arizona Projeds Office 
23636 North Street 
Phoenix, AZ 85024 

Re: Padelford Wash Floodplain Delineation Study at 
Central Arizona Project Canal 
FCDMC NO. 99-12 
A-N W=t NO. 7158-07 

Dear Mr. Dent 

A-N West has been mntracted by the F lmd Control District of Maricopa County (FCDMC) to 
perform a 100-year floodplain delineation study of the Padelford Wash (See Loca'jon Map), 
between the CAP Canal and State Route 74. The attached Plate 1 shows the limits of new 
detailed mapping being generated for this study. 

We have previously obtained from your office (Mr. David Gunn) on Nov. 27, 1999 a copy of the 
Granite Reef Aqueduct, Location Map near the floodplain study area and summary hydrology 
and overchute pipe size and locations. 

Since this detaikd floodplain study will be submitted to F E W ,  additional infoma4jon on the 
CAP Canal levees and overdwte structures are typically required when flood flows pond at the 
CAP levee. 

We Mite to further request; 
a. Copies of CAP design ancilor as-built plans of the upslope levee in this area and the 

overchutes at Stations 240+00,253+00,272+35,27!3+00,298+70, and 315+00. 
b. Are there any design calculations for levee embankment stability or seepage analysis? 

If so, we would request a copy of this analysis or a summary of it. 
c. Was there a percent compaction required of the levees? If so, what was it? 
d. Does the Bureau have an officially adopted plan for regular inspection and maintenance 

of the levees? If so, can a copy be provided? 

Should you have any questions, please feel free to contact me, thank you. 

Sincerely, 

Vice President 
Project Manager 

I? -6 
7600 Nor~h 15fh Sfreef SuiIe 200 Plloenix, Arizona 83020-433 1 [/J02] 86 1-2200 Fa/: [/,rJ%J 742.I787 
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23636 NORTH 7TH STREET 
PHOENIX, ARIZONA 85024 

'1 
(602) 870-2333 

GENTLEMEN: 

WE ARE SENDING YOU Attached Under separate cover via the following items: 

C] Shop drawings C] Prints plans [7 Samples Specifications 

C] Copy of letter Change order 

THESE ARE TRANSMITED as checked beiow: 

For approval a Approved as subm~tted 

For your use Appro;.ea as noted 

As requested C] Returned for corrections 

Initial Submittal i? Resubmittal 

C] Resubmit copies for approval 

C] Submit copies for distribution 

Return corrected prints 

DESCRIPTION 

r f f c N  9 - r y t ' / L r + ~  S L C T ~ O ~ S  
~ H O ~ G N  /.?OX ~ L A A  & ? R O F / C &  

5 A R w A c  A J L  i3P.~b&k 
0 VF,EC+L/ ~t . I\ RA-4 L& 6 5 

COPIES 

I 

C] For review and comment 

ALSO A T ~ A C M A  - 
REMARKS: / / y d - d s ~ z x '  

DRAWING NO 

344-330 -1327 

.J 
REPLY TO: 

I - 2  

SIGNED 

- /wuCnff  I 
3 4 9  - D-564  I 

I 
- 

-/I00 

,344-b-66/ 

FORM FPM 500 (R 9/95) 

/es -394 - b - 3 7 9  



I 

Rk\?)Y RL\?X)LPH. P.E. (6'13) 869-2260 
CI\ J Eng~neenng I)l\ 1 s t ~  Supen l u x  (623) 869-2598 Fax 

mndolph@cap-az.COm , 



SECTION 4.1-EARTHWORK 

4.1 .l. EARTHWORK, GENERAL 

All earthwork required by these specifications for 
construction of Reach 9 of the Granite Reef Aqueduct 
shall be in accordance with paragraphs 4.1.3 through 
4.5.1, except that earthwork and surfacing for roads 
and bridge approaches shall be in accordance with 
Paragraph 5.1.1. 

4.1.2. EARTHWORK DIAGRAMS AND DATA 

To the extent that they exist, preliminary mass 
diagrams and earthwork data prepared for the 
Government's preliminary studies of earthwork for 
construction of the canal will be available for 
inspection by bidders in the office of the Construction 
Engineer. Preliminary mass diagrams include all 
excavation to  pay lines shown on the drawings. 

Such preliminary earthwork information i s  made 
available solely for the convenience of bidders. The 
Government does not represent that this information i s  
accurate or complete. Bidders are cautioned that this 
information is subject to  revision and that the 
Government disclaims responsibility for any 
interpretations, deductions, or conclusions which may 
be made therefrom. It i s  not intended that this 
preliminary earthwork information will limit or 
prescribe the excavation and hauling procedures of the 
contractor, and the Government reserves the right to 
utilize and distribute earthwork materials during the 
progress of the work as best serves the interest of the 
Government. 

4.1.3. COMPACTING EARTH 
MATERIALS 

a. General.-Where compacting of earth materials i s  
required, the materials shall be deposited in 
horizontal layers and compacted as specified in this 
paragraph. The excavation, placing, moistening, and 
compacting operations shall be such that the 
material will be uniformly compacted throughout 
the required section and will be homogeneous, free 
from lenses, pockets, streaks, laminations, or other 
imperfections. 

b. Compacting clayey and silty materials.-Where 
compact ion o f  earth materials containing 
appreciable amounts of clay or s i l t  i s  required, the 
materials shall be deposited in horizontal layers. The 

thickness of each horizontal layer after compaction 
shall be not more than 6 inches or two-thirds the 
length of the roller tamping feet whichever i s  the 
lesser. Where compaction i s  performed by hand or 
power tampers, the compacted layers shall not 
exceed 6 inches in thickness. The excavating and 
placing operations shall be such that the materials 
when compacted will be blended sufficiently to 
secure the highest practicable unit weight and best 
impermeability and stability. I f  the surface of any 
compacted layer of earthfill i s  too dry or smooth to 
bond properly with the layer of material to be 
placed thereon, it shall be moistened and/or 
scarified in an approved manner to provide a 
satisfactory bonding surface before the next 
succeeding layer i s  placed. All rollers used on any 
one layer of f i l l  shall be of the same type and the 
same weight per foot of roller. 

Prior to and during compaction operations, the 
materials shall have a moisture content of not 
greater than 2 percent wet or less than 2 percent dry 
of optimum moisture, as determined by the 
contracting officer and the moisture content shall 
be uniform throughout each layer. 

Insofar as practicable, as determined by the 
contracting officer, moistening of the material shall 
be performed at the site of excavation but such 
moistening shall be supplemented by sprinkling at 
the site of compaction, i f  necessary. If the moisture 
content is less than optimum for compaction by 
more than 2 percentage points or i s  greater than 
optimum for compaction by more than 2 
percentage points, the compaction operations shall 
not proceed, except with the specific approval of 
the contracting officer, until the material has been 
wetted or allowed to dry out, as may be required, to  
obtain optimum moisture content within the 
tolerances permitted above, and no adjustment in 
price will be made on account of any operations of 
the contractor in wetting or drying the materials or 
on account of any delays occasioned thereby. 

When the material has been conditioned as 
hereinbefore specified, it shall be compacted by 
rollers or by hand or power tampers. Where hand or 
power tampers are used to compact soils in confined 
areas such as under pipe, they shall be equipped 
with suitably shaped heads to  obtain the required 
density. 

The density (dry) of the soil fraction in the 
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compacted material shall not be less than 95 percent 
of the laboratory standard maximum soil density 
(dry), as determined by the Bureau of Reclamation 
Proctor Compaction Test for the materials being 
compacted. 

(1) Bureau of Reclamation Proctor Compaction 
Test.-The compaction tests will be made by the 
Government. The standard maximum soil density 
i s  the dry weight per cubic foot of the soil 
compacted at optimum moisture content by 
laboratory procedure. The compaction tes t  is the 
same as ASTM Designation: D 698, Method A, 
except that a 1120-cubic-foot compaction mold 
i s  used and the rammer is dropped from a height 
of 18 inches, resulting in the same energy of 
compaction per unit volume. 

c. Compacting cohesionless materials.- 

( 1 ) Compacting cohesionless free-draining 
materials.-Where compaction of cohesionless 
free-draining materials, such as sands end gravels, 
i s  required, the materials shall be deposited in 
horizontal layers and compacted to  the relative 
density specified below. The excavating and 
placing operations shall be such that the 
materials, when compacted, will be blended 
sufficiently to  secure the highest practicable unit 
weight and test stability. Water shall be added to 
the materials as may be required to obtain the 
specified density by method of compaction being 
used. 

The thickness of the horizontal layers after 
compaction shall not be more than 6 inches if 
compaction i s  performed .by tampers or rollers; 
not more than 12 inches i f  compaction i s  
performed by treads of crawler-type tractors, 
surface vibrators, or similar equipment; and not 
more than the penetrating depth of the vibrator 
if compaction i s  performed by internal vibrators. 

The relative density of the compacted material 
shall be not less than 70 percent as determined 
by the standard Bureau of Reclamation relative 
density tests  for cohesionless free-draining soils. 

(a) Relative density test.-The relative density 
tests will be made by the Government. The 
relative density of a cohesionless free-draining 
soil, expressed as a percentage, is defined as its 
state . of compactness with respect to the 
loosest and most compact states at which it 
can be placed by laboratory procedures. The 

relative density will be based on the following 
formula, wherein the maximum density i s  the 
highest unit weight of the soil, minimum 
density i s  the lowest unit weight of the soil, 
and in-place density i s  the unit weight of the 
soil in place. Tests for moisture content are 
made on the materials and the unit weights 
are expressed in terms of ovendry weights. 

Rel. Den. (%) = 

max. den. x (in-place den. - min. den.) 
in-place den. x (max. den. - min. den.) 

(2 )  Compacting cohesionless materials 
containing some clay and silt.-Cohesionless 
materials containing clay and silt may not be free 
draining. When compaction of cohesionless 
materials containing clay and s i l t  i s  required, the 
materials shall be compacted to a dry density in 
accordance with either Subparagraph (a) or (b) 
below, using whichever tes t  that results in the 
higher dry unit weight of the compacted material 
in the placement. 

(a) Dry density using the Bureau of 
Reclamation Proctor Compaction Test as 
prescribed in Subparagraph b.(l) above.-Prior 
to and during compaction operations, the 
materials shall have a moisture content of not 
greater than 2 percent wet or less than 4 
percent dry of optimum moisture, as 
determined by the contracting officer, and the 
moisture content shall be uniform throughout 
each layer: Provided, That for materials being 
compacted that have a moisture content of 
not greater than 2 percent wet or less than 2 
percent dry of optimum moisture, the density 
(dry) of the soil fraction in the compacted 
material shall not be less than 95 percent of 
the laboratory standard maximum soil density 
(dry), as determined by the Bureau of 
Reclamation Proctor Compaction Test and 
that for materials being compacted that have a 
moisture content between 2 and 4 percent dry 
of optimum moisture, the density (dry) of the 
soil fraction in the compacted material shall 
not be less than 98 percent of the laboratory 
standard maximum soil density (dry), as 
determined by the Bureau of Reclamation 
Proctor Compaction Test. 

(b) Dry density using the relative density test 
as prescribed in Subparagraph c.(l)(a) 
above.--The relative density of the compacted 
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i - 9  . 
I . -  - I. ' 
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. r l  . .  density' i s  determined tiy the. 'Bureau of nature of the material;, to be excavated and the 
. , .  Reclamation Proctor comp&tion Test, the difficulties of maklng and maintain'ng the required 
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I *  ' &aterials shall be moistened, placed, and excavations. The Government does not represent that 

compacted in accordance with Subparagriph b. ' the excavation can be performed or ~aintained at the 
, . 
, .  . _ u  above. ,When density i s  determined -by' the pay lines described in these specifrcat:ons or shown on 

d - relative dens~ty test, the materials shall be the drawings. . '. . , . 
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- ,  moistened, placed, and compacted in accordance ' ' ' . , .  
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' \ .  ' . - . with Subparagraph c.(l) above. . - * 4.2.2. EXCAVATION ADJACENT TO - 
-e  . . ' ,, .. CONTRACT BOUNDARIES 8 ,  . 

. - . 'd. Rollers.-Rollers used for, compacting earth ' , '  . 
_ .  . ,, ' 'material$ described in Subparagraph b. above shall Defrnite stations for the boundaries 0: the schedule are 

, . ' : - be tamFiing rollers meeting the following shown on tile drabings, and these d?f~nite stations are 
requirements. Each drum of a roller shall be (lot the contract limits of the work covered by these 

more than 6 feet in length. The roller shall have specifications. It may be necessary to  perform a certain 
. . ' staggered anti uniformly spaced tamping feet and be amount of excavation, as determined by the - r 

of sufficient weigh: for proper compactiv,. The end contiacting officer, beyond the contract limits in oider 

area of each tamping foot shall be not less than 5 to provide space in which t6 work. Payment for 

. . _ -  square inches nor more than 10 square inches. The necessary excavation outside the contract lrmits will be 

. . length of each tamping foot measured from the made at the unit price per cubic yard bid for the 
. . -, 
i = ,  

surface of the drum to the surface of the tamper adjacent excavation within the contract limits. 

4 * ,  . . . head shall be not less than 7-inches. The distance 

-.- . - 3 .  . measu'red on the surface of the drum between the 4.2.3. . . EXCAVATION FOR CANAL , i . . ".. - ceriter of any two+adjacent tamping feet shall benot - < 

. . - .  1 less than 8 inches. The total end area of the tamping a. ~eneral.-  he 6a;al "s'ectrons  re shown on the 
*' . .* . ' 

,, + - .  feet shall ,not comprise more than 9 percent of the drawings. The Government reservzs the right; during 
. - -  . - toial *cyl~ndrical area based on the overall drameter t6e progress of the work, to  vary the slopes of 

- -%: - - , + :* .- . .-.,_ .. . L s - - . and length of the roller at the outer ends of the excavations or the slopes of embankments and the 
< - . _  - , - .  - .  tamping feet. The tamping heads ant1 cleaner bars . dimensions dependent thereon. Any increase or 

,: , . 7 * -  , sh$ll- be properly maintained, ant1 the spaces decrease of quantities ex~avated as a result of such 
- , - . i . .  . : - , . . . . ' between 'theLtamptng feet shall be kept clear, of . . variations'will be included in the estimates. I f  the - .  - - - :"mite-?ials which imqair the effec~vencss p f  the .. .- . . :z.'.$ - cbntracting offtcer determines thzt the contractor's 
. ... L 

. <  < /  3 

.I*,,: ,: ,, -- - - .  tamping roller. - ,  , c , :  ..- . . - costs of performing the'work will be increased or 
" & 5". 2.;-- -. . ' . ..;, 2 1: : . 

, . , I '  " - ' L  I -  . - + ,. , : decreased by reason of such variations an "equitable 
, - * . I _  . :.. :-e. ;~o$s.;~he costs of compacting earth materials - adjustment will be made to  cover his increased or 

- - 1  - -<z- 5 x , Z ' . ,  , - ,* .- 1. \--?. . as-dkscribeci in this paragraph shall be included in ,'- decieased costs. ~t l jbrwise the work will be paid for 
, -.. , . . . , the -prices bid* in the schedule' for compacting at :the unit 'price bid .theiefor -in the schedule . _ c ~ -  1 * 

- i i  

.- \ ' > a  .* 
. . ' embankments, compacting backfill, and for other - 'regardless of variations in quantity, except as 

.- ' - .  .. . . . .?.t '. ; items of work where earth mater~als are required to -: -- provrded in Paragraph 1.3.4. Stones and indurated 
"- C' . "  

, . . :. - be compacted tinder these specifications. - . materials larger.than 5 inches shall be removed from -. " ,'.*/- :,> :; 
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excessive, wilf hot te  permitted. If runways are cut structures shall be wet by sprinkler, irrigation to a 
into canal slopes below the top of canal lining, they moisture content of optimum; plus or minus 1 
shall be - refilled with, selected material and percent, to 8 feet below the canal prism, ?r to ' 

impervious cemented material, whichever i s  less, as compacted 8s ~ rov i ded~ in  Paragr~ph 4.4.5. Above, determined by the contracting , 
the the O&' rock will be of moisture to the above areas shall be simultaneous - . 
to  stand at i t s  steepest safe angle, and no finishing with the application of moisture to adjacent areas 
will be required other than the removal of rock on which canal, collective dike, and bridge approach .: masses that are loose and liable to fall. 1nsofar.a~ embankments, and O&M road ramps are to  be 
practicable, the finishing operations required on constructed. Wherever possible, al!* water to be 
canal sections shall be performed by the contractor added to the above areas shall be added i n  one 
simultaneously with the canal excavation. .. , t application before any excavation work i s  begun. 

r . ,  * , .  , The contractor shall check the progress of the 

where material suitable ' for selected bedding . wetting subject to the approval of the contracting 
officer. ..' . . : material, as determined by the contracting officer, i s a -  1 t 

encountered and be placed as bedding - t As far as practicable, all material to  be excavated in 
material in one continuous operation, then such the entire Reach g shall have moisture 
material shall be stockpiled along the right-of-way applied, i f needed, by .sprinkler. irrigation to  
where designated by the contracting officer for later condition the materials in place in accordance'with - 

-use, ' ,., the following requirements before- any excavation , 
work is begun. - t 

- Care shall be taken to prevent overbreakage or , . 
loosening of material on bottoms and side slopes The moisture content of the earthfill materials prior' 

. . upon br against which lining is to be placed. Where to and during compaction shall be in accordance 
.- the original ground surface i s  below the grade of the with 4.1.3t except that the materials to  

be placed in embankments not to  be compacted 
canal, the bottom of the canal shall be filled to the shall have a moisture content of not greater than 

of the lining as prescribed for percent wet nor less than 5 percent dry of optimum. 
construct ing and compacting the canal t Wherever possible, all water added to condition 
embankments. materials shall be added in one application. When t j . . - f moisture is added to the areas to be excavated, care ' 
Except as provided below, the canal shall be shall be taken to  moisten the material uniformly to 

* .excavated to a 'subgrade and section ns shown on the produce the required moisture content of the . ' drawings or as directed to provide for the prescribed f material for the purpose of which it i s  to be used. 
, * " 

thickness of lining, and the foundation for the lining The contractor i s  cautioned to control carefully the t 
application of water and to check on the depth and . shall .be prepared in accordance with Paragraph amount of water penetration during application so . 7.3.1. -, as to avoid overirrigation. 

, . - .- .- . 
> . B r  , ' r -  , . . ~ 

Througl! sections containing rock, hard compact If a t  any location to be excavated, before or dirring 
* 

. - -  , materjal, coarse gravel, cobbles, arld boulders that excavation operations, ,there i s  excessive moisture, , 
, b'- - ;, cannot be trimmed, the canal shall be excavated so as determined by the contracting officer steps shall - 

. c 2 .  that there will be not less than 3 inches between sny be taken to reduce the moisture by selective. ',. - , 
- .  - point,of the excavated surface and the underside of excavation to secure the drier materials; , by ' ?  . - 

excavating and placing ' in temporary stockpiles , . the lining. Surfaces so excavated shall be filled with 
; - material containing excessive - moisture; - by ' 

. . ,. selected bedding material conforming to Paragraph excavating drainage ditches; by allowing adequate. . . : 7.3.1.- additional time for drying; or by any other 
' $ -  ;- x- . approved means. To minimize operations with . , . 

-. . .:Where unsuitable material i s  encountered in the overly wet material, . the contractor will,, be . - .foundation for the canal, the contracting officer will permitted to utilize portions of the areas to be, . 
.:+,direct additional excavation to remove the excavated which contain dry matecia1 to the greatest 

, - , un~uitable~material. This additional excavation shall extent practicable consistent with obtaining suitable 

, . .- be refilled, t o  the underside of the lining as . material. 3-;\ t . , - d ., ' _, Y 

_ " ; prescribed-for constructing and compacting canal . , 

, - , embankments. The contractor shall be. entitled tb no additional- 
A * . " 

allowance above the unit prices bid in the scheclule 
, . on account of the requirement for excavating' : . 4. ~oist&e.-~etween Stations lO+OO and 370+00, drainage ditches; for illowing additional time for 

. ,. :,- all nteas to be pxcsvated for the canal prism and for drying; for stockpiling and rehandling kxcavated - 

. I  . , ,~ materials which have been deposited temporarily in 
, I  . 

( 
% .  stockpiles; delays or increased costs due to  \ 

4 ' s  , 
% ,  

- 1  .( -. 
1 - ,  . 

. - * - 54 
A - . - 

' -  - I  . 
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- * ., . stockpili$j ,. . . poor,~trafficabili~y on the excavated '4.2.4.' ,* EXCAVATION FOR CUTOFF 
. areas; the haul roads,'or the embinkment; reduced '.." 

) . TRENCHES FOR COLLECTIVE -' * 

. efficiency'of the.dquipmint the contractor elects to DIKE . . 
- *' \. I . - use;: or on  account of any other operations or 
. - difficulties caused by overly &t' materials. No . a. General.-The contractor shall ' excavate cutoff 

'. additional allowance above the uni t  prices bid in  the trenches for-the collective dike across washes which 
- schedule will be made because of variation in the contain clean sands "and giavels after the dike 

portion between wet and dry miterials which are foundation has been ,prepared as prescribed in 
. required to be excavated in order to obtain Paragraph 4.4.2. The depth and length of the cutoff 

adequate suitable material. 
-. , .. 8 > -., -* ... . . . 3  trenches shall be as prescribed by the contracting 

c. Measurement and payment.-Except as specified officer. All material suitable for embankment 
herein, measurement, for payment, of excavation construction, as determined by the contracting 

t for canal will be made,to the lines shown on the . officer, shall be used in construction of the 
. drawings or as prescribed by the mntracting officer. t colleciive dike. Any materials unsuitable for dike 

. - .  
. *  

, ,  construction shall be disposed of as prescribed in 
. . -  . . - *  " " .  I ' Paragraph 4.2.9. 3 .  - 

I F 

Where",the contracting office; *directs additional 
. , excavation ' to remove unsuizable. foundation b. Measurement and payment.-Measurement, for 

- material, measurement, for paymtnt, of excavation payment, of excavation for cutoff trench for 
. , for canal will be made to the ou:lines of the areas ' collective dike will be made to the dimensions 

prescribed and between the tiottom of the shown on the drawing and/or prescribed by the 
-excavation required for the selected beddlng ' contracting officer, and of the total length - .... 
material and the depth directed. The cost of refilling - + excavated. 
such Bdd~tional excavation shall be included in the 

' unit price per cubic yard bid i n  the schedule for ' Payment for excavation for cutoff trenches for 
excavation for canal. Payment for compacting the collective dike will be made at the unit price per 
refill will be made at the unit price per cubic yard cubic yard bid in the schedule for excavation for 
Lid in the schedule for compacting embankments. - - 

canal, which unit price shall include the costs of 
. . blasting or ripping, placing the material in collective 

- - WieaiuFemerit, for'payment, of excavation for canal . 
dike embankment at locations directed or otherwise 

. _ - - j  A wil! not include materials paid for as excavation for ' disposing of the excavated materials, of pumping or 
. . "~t r~ctures ' in  accordance with Partgraph 4.2.6.- , 

< .  

unwatering, and all work necessary to maintain the 
. - . . "  

, .A ' 
excavations in good order during construction, -. 

. I t  .., . payment for excavation for canal will be made at . except that required overhaul will be paid for as 
- "the . ~ n i t ' ~ r i c e  per cubic' yard t i d  therefor in the provided in Paragraph 4.2.8. - - , . " -  

:$ -- 
schedule. The unit price bid in  the schedule for 

., > : .  
a . .  a r -  , excavation for canal shall inciude the costs of 4.2.5. . EXCAVATION FOR DRAIN +. ,.' - DITCHES ' 

+ .. 
. J /  . blasting or ripping,-of procuring and applying water . 

- i . - < -  . . 
c .. . t o "  embenkment ' foundatioh and areas to  be . - " ", . . -  
* .  

- .  _ I _ -  . . ^e&vated, p[a&n*$ the material 'in embarikment or . ' a. General.-The contractor shall excavate drain 

*..<,a * , ,selected _bedding material stockpiles at locations ditches along the canal as shown on the drawings or 
', '.' dke'cted,' of ref~lling the additional- excavation as directed. .* - ,:-; ; - '  -. . . " 

5 - . - - +. - ,  + .  * ,  .., , . . . . .-. between the boitbrn of the excavation required for " . .  . % .  . 
, * 

. . 
' * the selected .bedding material 2nd the ,depth '*. 61asting in such a manner as to  cause overbreakage 

. . . .  . 'directed,-'or otherwise disposing of the excavated which, in the opinion of the contracting.officer i s  
. -. , - - 'materials, of pumping or unwatering, and all work 'excessive, will not *be permitted.. Insofar as . -  

. . -  -. necessary to.maintain the excavations in good order practicable, the finishing operations required on 
. - .  , ' . during .construction, except that required overhaul ' - drain ditch sections shall be performed by the 
-, L . t 

. , - .,. . I, I 

- 'w i l l  be . , paid for as I provided in Paragraph 4.2.8. '" contractor simultaneously with the drain ditch - !. . ,  r . . - .  % .  - G - excavation. -- , - *  . * -- 
' 8 .  a , . * . - . %  

" - . - *  ' _ * _ '  
_ *  . - I - - I  . - 

. . 

. . . . . - 5 5 -  . . 
^. . . 

. . .-- 2 . - .  
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5 ,  . .. payment,' of excavation fof drain ditches will be . excavation and below the, original ground t 

. . made to,  the lines prescribed b\/ the contracting surface; measured .tb the dimensions and ;lopes 
, - , .. 

. - - , . . .officer.-, . . , ) ,  f . I  , specified below. Measurement of 'excavation for 
* .  .. - . . I , : ,  ,,. :structures will be made to-dimenjions 1 foot 
,.. ,~a~ment:- for excavation foc drain ditches will be . 'outside . the outl~ne of the structure . ,  foundations 

- - made .at ther hnit pricd per cubic yard bid in the and to  slopes of 1 : 1. . ' ' , _ . .  . 
. . "  : ,schedule for excaVatioh fbr canal, which unit price , - ,  ' 1  .: - I , r  ,-. . '  y L  

. shall iiicfude the cost of blasting'ot tipping; placing . ( 3 ) .  , B r i d g e  a n d  c a t t l e  , c r o s s i n g  

. the material in dra~n, canal, or dtke embankments: + abutments.-Regardless o f  whether the 
or otherwise disposing of the excavated materials. excavation fot and construction of the structure 

I _ .  . I  ' q . brecedes or follows the excavation of the canal tit 
- 4.2.6. , .,..EXCAVATION FOR STRUCTURES , . - the- .site 'of the structure, measurehent of 

.I . -,;- ; - . - , " excavatione for : structures will iyclude all 
> ,  

a. Measurement for payment.-Excavation for , excavation below the origirial ground surface 
. structures will be measured for payment to meisured t o  the dimensions and slopes specified 

' - excavation pay lines shown on th6 dra~i~ngs, or if below. Measurement of excavation for structures 
- ' ' not shdwn on the drawings to pa\/ l&es in h i l l  be made to dimensions 1 foot outside the 

. dccordance with the provisions of this paragraph. t outline ̂  of the structure foundations and to 
, '? Regaidless of quantities directed to be iemoved, to slopes of 1 : 1; 

, I  . 
comply with safety requirements, measurement for 

- payment will be made to the prescribed pay lines. (4) Pipe culverts, crossing under the canal 
. No payment will be made for excavation or removal pri~m.~Regardless of whether the excavation for 

of material which i s  outside ttie prescribed pay lines. and constructio~ of the structure" precedes or 
. . . ' follows the-excsvation of the canal, at the s i te  of 

Except f o i  the pipe portions of structures as the Sttucture, measurement of excavation' for 
provided in (5) and as otherwise provided In (61, . structures will include all.excavation below the 
measurenient of excavation will be in accordance original ground surface between vertical planes at 

' . '. with the following: the inlet and outlet ends, of the structure, to 
. . . -  

" 6 
G , .  lateral dimens;ons 1 foot. outside of, the .' ( l ) ,The check which forms a cbntinuation of the foundations of the structures, and t o  slopes of 

-: -. carial.- Measurement of excavatlori for structures . -, 
'I : 1. ,Such measurement h i l l  also include any 

wil l ,  %include all required ,excavation fof the - excavation for the structure upstream .or 
, r .  structure below the original grollhd surface and dowrlstrean of these vertical planes which may 

. .  - - between vertical planes. at the ppstream and - -  L . be required below the origina! ground surface to 
dotvnstream ends o f  , the structure or  dimensions 1 foot.outside structure foundations 

'. . combinat~on of adjoinin0 structlrres, Such . and to slopes.of 1 : 1. 
measurement will also include any ekcavation for ., v ,. I >  j l  

, :'.- , . the strbcttire upstreain and downstrearn of these 
I . . , ( 5 )  Precast ' concrete'; pipe. or astesto2-cement 

- . , . vertiEal planes which may be required below the , portions of the structures listed in  (2) and . > -  ,.. _ 
.- . ;,., ..original ground surface and butside, of the. pay - . .  (4) above.-Ex~vation ofr>he trench for a single 

- _, l i i ie~ '  ' for. .canal excaVati6n. Measurement of . . - pipe lor parallel pipes will be measured, to a 
-..... . excavation upstream and downstream- of -the .. bottom -width equal to the- overall distance ' 

+ - 
1 . a ' vertical 'planes and fneasurertient betbeen the 
-, :. betwe?? the outsides of the pipe along the 

- .  .i,, vettical v lanes will be made to dimensions 1 foot horizontal diameters plus 1 foot and t o  slopes of 
.,=. :outside,of the foundations of, the structures and 1:l. Where backfill above the bottom of precast 

- 7 .. , to.slopes of 1 : 1. . ,  . . - ,  I_ , , -: r ioncrete; or asbestos-cement pi th,  i s  to be 
" ."' , F", ,' , !  - , ,  "., . . ./ - < .  ,' cor?pacted_ by tamping, rolling, 'or *'surface 

' , < * * .  
- . - - (2), Pieis,' overchutes which cross the canal, drain vibratjng methods, the bottom of the trancf; shall 

. = 
z . -- . , ihlet,<road culvert, . floatwells, and . other . ,  be shaped as shown on the drawings tb cradl'e the 

. '. Mrbctu[es lying largely outside the canal 
t -  

pipe onsundisturbed earth or compacted backfill. 
. .  prism.._Regarclless of Whether the excavation for . - Regardless:of -whether the bottpm 6f the, trench 

, : '. '4, ,,. and .;construction of the sfrllctdre precedes or - i s  shaped-to form a cradle, or excavated to the 
%. - . :,".' foI(6ws the excavation of the canal, at the site of bottom of the pipe, measurement,.for payment, 
. , 4 .  'the t r i l c k re ,  measurement. of excavation for of ekcavation trill be made to the bottom of the 

, I -strUctures . will include only t l ~ e  required - pipe. Where unsuitable material, or. rock i s  , 
* " 

-. ' I,, - ,:excadationioutside the pay lines for ,the canal enco~rGered in the bottom of-the trench for pipe 
*- . L*' a - '-3' - ~ 
% K  - 

*.,,:: \ * $  : ,,*. - > *  .*. . , * - ,  
I , , . 

- , -  . - 
- , <  

, - - s 1 * ;,.. 9 * % . .  56 . . . g ' r  I ,r - J -  . - 
^ . *. : , , -% -'A -. 

I ?  I * *  ,446 . : > - - .  .-- - -  
r .  t 

. - - ., r .  ..A..%:-.,:*.' '_u . . ,. I . .. I - *  -- , & , -  + - , r - - -  - .. & , . 
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portions of structures, the bottom of the trench contractor, shall be at the expense of the 
shall be excavated, and measurement for contractor. Fill and compacting of fill for such 
payment will be made to a depth as prescribed to excess excavation or overexcavation shall be a t  the 
provide for placing selected bedding material expense of the contractor. 
under the pipe. 

c. Payment.-Insofar as practicable, the material 
(6) Transitions and cutoff walls.-Where the moved in excavation for structures shall be used for 
character of the material i s  such that it can be backfill and embankments, otherwise it shall be 
cut and trimmed to the required lines of the wasted as directed. Payment for excavation for 
concrete structure and the concrete placed structures will be made at the unit price per cubic 
against the sides of the excavation without the yard bid therefor in the schedule. The unit price bid 
use of intervening forms, measurement will be in the schedule for excavation for structures shall 
made only for excavation within the neatlines of include the cost of all labor and materials for 
the structure. cofferdams and other temporary construction, of all 

pumping and unwatering, of all other work 
( 7 )  Fencepost footings.-Excavation for necessary to maintain the excavations in good order 
fencepost footings will be as provided in during construction, of removing such temporary 
Paragraphs 2.4.1 and 2.4.2. construction, where required, and shall include the 

cost of disposal of the excavated material, except 
b. Foundations for structures.-Excavation 'for the that required overhaul will be paid for as provided 
foundation of structures shall be to  the elevations in Paragraph 4.2.8. 
shown on the drawings or established by the 
contracting officer. The contractor shall prepare the The cost of excavating for fencepost footings shall 
foundations at structure sites by methods which will be included in the unit price per linear foot bid in 
provide firm foundations for the structures. The the schedule for furnishing and erecting chain link 
bottom and side slopes of excavation, upon or 
against which the structure i s  to be placed, shall be 
finished to the, prescribed dimensions, and the 
surfaces so prepared shall be moistened and tamped 
with suitable tools to form firm foundations upon 
or against which to place the structure. 

Where unsuitable material i s  encountered in the 
foundation for a structure, the contracting officer 
will direct additional excavation to remove refilled 
with compacted , backfill to provide a firm 
foundation for the structure. Measurement and 
payment for excavation, backfill, and compacting 
backfill will be made to depths and dimensions 
prescribed by the contracting officer. 

I f  at any point in excavation the foundation 
material i s  excavated beyond the lines required to 

fence and for furnishing and erecting barbed-wire 
fence. 

4.2.7. EXCAVATION FROM BORROW 

a. General.-Where the canal excavation a t  any 
section does not furnish sufficient suitable material 
for embankments, additional material shall be 
obtained from the area between approximate Canal 
Stations 270 and 350 and between the uphill toe of 
the collective dike and the canal right-of-way. All 
side slopes shall be 4:l to the bottom of the borrow 
pit, unless otherwise shown on the drawings or 
directed. The surface of borrow pits shall be 
scarified and left in a condition which will facilitate 
natural revegetation as approved by the contracting 
officer. Where necessary, as determined by the 
contracting officer, to prevent the accumulation of 

re=eive the structure, the overexcavation shali be standing water, borrow pits shall be drained by 
filled with suitable materials and compacted in means of open ditches. 
accordance with Paragraph 4.1.3. If at any point in 
excavation, the natural foundation material is b. Moisture.-All borrow pits shall be wet by 
disturbed or loosened during the excavation process sprinkler irrigation before any excavation work is 
or otherwise, it shall be compacted in place or, begun. For the purpose of this subparagraph, the 
where directed, it shall be removed and replaced term "borrow pits" includes all of the borrow areas 
with suitable material and compacted in accordance uphill from the collective dike. Wherever possible, 
with Paragraph 4.1.3. Any and all excess excavation all water to be added to the borrow pits shall be 
or overexcavation performed by the contractor for added in one application. The moisture content of 
any purpose or reason except for additional the earthfill materials prior to and during 
excavation as may be prescribed by the contracting compaction shall be in accordance with Paragraph 
officer, and whether or not due to the fault of the 4.1.3. As far as practicable, the material shall be 
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conditioned in Sorrow pits before excavation. If 
required, such in deep cuts or areas of tightly 
cemented materfals, additional moisture shall be 
added to the borrow pits. 

When moisture i s  introduced into borrow pits, care 
shall be taken to moisten the material uniformly to 
produce the rquired moisture content during 
compaction, avoiding both excessive runoff and 
accumulation of water in depressions. The 
contractor i s  caltioned to control carefully the 
application of hater and check on the depth and 
amount of water penetration during application so 
as to avoid overirrigation. 

I f  at any location in the borrow pits for earthfill 
material, before or during excavation operations 
there i s  excessi\.. moisture, as determined by the 
contracting offier, steps shall be taken to reduce 
the moisture by selective excavation to secure the 
drier materials; by excavating and placing in 
temporary stockpiles material containing excessive 
moisture; by excavating drainage ditches; by 
allowing adequale additional time for drying; or by 
any other approved means. 

The contractor will be required to excavate 
sufficient suitable material from the borrow areas to 
complete the work under these specifications, 
regardless of whether overly wet conditions 
encountered are due to ground water, precipitatiop, 
difficulty of  draining, or for any other reason. To 
minimize operations with overly wet material, the 
contractor will be permitted to utilize portions of 
the borrow are;s which contain dry material and 
which have been designated as suitable bottow pits 
to the greatest extent practicable consistent with 
obtaining suitable material. 

The contractor shall be entitled to no additional 
allowance above the unit prices bid in the schedule 
on account of the requirements for excavating 
drainage ditches; for allowing additional time for 
drying; for stockpiling and rehandling excavated 
materials which have been deposited temporarily in 
stockpiles; delays or increased costs due to 
stockpiling; poor trafficability on the borrow area, 
the haul roads, or the embankment; reduced 
efficiency of the equipment the contractor elects to 
use; or on account of any other operations or 
difficulties caused by overly wet materials. No 
additional allowance above the unit prices bid in the 
schedule will be made because of variation in the 
portion between wet and dry materials which are 
required to be excavated in order to  obtain 
adequate suitable material. 

c. Measurement and payment.-Measurement, for 
payment, of material taken from borrow pits will be 
made in excavation, except that, where determined 
to  be necessary by the contracting officer, the 
quantity of excavated material may be computed by 
application of a factor to the quantity of borrowed 
material as measured in embankmeht. Measurement, 
for payment, of excavation from borrow will be 
made of only such quantities as are required for 
embankments, or such as by direction of the 
contracting officer are excavated and wasted or laid 
aside. Unless the contractor i s  given written orders 
to excavate other than common excavation material 
from the borrow pits, no material obtained from 
this source will be classified for payment as rock 
excavation or excavation other than common 
regardless of i t s  actual character. Payment for 
excavation of material from borrow required for 
embankments will be made at the unit price per 
cubic yard bid in the schedule for excavation from 
borrow, which unit price shall include the costs of 
all materials and work described in this paragraph, 
including water applied in the borrow pits, except 
that required overhaul will be paid for in accordance 
with Paragraph 4.2.8. 

4.2.8. OVERHAUL 

a. General.-A mile cubic yard of overhaul i s  
defined as a cubic yard of excavated material hauled 
1 mile in excess of the free-haul limit. The free-haul 
limit will be 1,000 feet. Payment for overhaul will 
be made only for excavated materials required for 
canal embankments; dikes; temporary and 
permanent embankments for roadways, railroad 
crossings, and road crossings; and for excavated 
materials directed to be wasted beyond the limit of 
free haul. The entire cost of hauling the 
above-described materials any distance up to the 
free-haul limit from the original position shall be 
included in the price bid in the schedule for 
excavation of the material. 

Unless otherwise specifically provided, no overhaul 
payment will be made for haul of materials paid for 
as backfill about structures, riprap, gravel bedding 
for riprap, coarse gravel protection, or for selected 
bedding material used in preparing foundations for 
concrete canal lining. 

b. Measurement and payment.-Measurement and 
payment for overhaul will be made as specified 
herein regardless of the methods and the types of 
equipment used in excavating and hauling. 



Par. 4.2.8 

Where material i s  taken from canal excavation and 
deposited in canal embankments, the length of haul 
will be measured along the centerline of the canal 
from the center of gravity of the material as found 
in excavation to the center of gravity of the material 
as deposited. Regardless of haul routes actually 
traveled, the above lengths of haul will be the 
distance measured along the centerline between the 
center of gravity of the excavation as projected on 
the centerline. 

Where material i s  taken from borrow pits which are 
located at a distance greater than 150 feet from the 
centerline of the canal, the length of haul will be 
measured along the shortest practicable route, as 
determined by the contracting officer, between the 
center of gravity of the material as found in 
excavation and the center of gravity of the materials 
as deposited in each 100-foot station. 

Where material i s  excavated from the canal and i s  
deposited in embankment other than the 
embankment of the canal from which excavated, 
the length of haul will be measured along the 
shortest practicable route, as determined by the 
contracting officer, from the center of gravity of the 
material, as found in excavation to the center of 
gravity of the material as deposited. 

In measuring quantities of overhaul for payment, 
the volume of overhauled material will be measured 
in excavation, the length of haul will be measured in 
station units of 100 feet. Payment for overhaul will 
be made at the unit price per mile cubic yard bid 
therefor in the schedule. 

4.2.9 DISPOSAL OF EXCAVATED 
MATERIALS 

All suitable materials removed in excavation or as 
much thereof as may be needed, shall be used in the 
construct ion of canal embankments, roadway 
embankments, collective dike embankments, selected 
bedding material, or for the backfill about structures. 
If there i s  an excess of material in the excavation, it 
shall be used to strengthen the embankment.on either 
side of the canal,. to  strengthen the collective dike 
embankment, deposited in low areas uphill of the canal 
to eliminate trapped drainage, orotherwise wasted as 
directed by the contracting officer. 

Material removed in excavation and not suitable for 
embankment construction, for backfill or for the other 
earthwork required under these specifications, and any 
suitable material not required for embankments or for 
embankment enlargement, for backfill about 

structures, or for other earthwork required under these 
specifications, shall be deposited in waste banks on 
right-of-way owned by the Government at points 
directed by the contracting officer, and any overhaul 
necessary therefor will be paid for in accordance with 
Paragraph 4.2.8. 

Unless otherwise directed, no material shall be wasted 
in drainage channels or within 20 feet of the edge of 
the prescribed or actual canal cut. Waste banks shall be 
left with surfaces as approved by the contracting 
officer. 

Except as specifically provided in these specifications 
for payment for hauling or placing of individual items 
of excavated materials, the cost of all work described 
in this paragraph shall be included in the unit prices bid 
in the schedule for excavation. 

SECTION 4.3-BACKFI LL 

4.3.1. BACKFILL ABOUT STRUCTURES 

a. General.-Backfill about structures shall be 
placed to the lines shown on the drawings, as 
prescribed in this paragraph, or as directed. The 
type of material used for backfill, the amount 
thereof, and the manner of depositing the material 
shall be subject to approval. 

Backfill shall be placed to about the same elevation 
on both sides of the pipe portions of structures t o  
prevent unequal loading and displacement of pipe. 
The difference in elevation of the backfill on both 
sides of the pipe portion of structures shall not 
exceed 6 inches at any time. The contractor shall be 
responsible for providing adequate earth cover over 
the pipe to prevent damage to  the pipe due t o  
construction equipment loads. 

Backfill material shall be obtained from material 
moved in excavating for structures, but when 
sufficient suitable material i s  not available from this 
source or from adjacent canal excavation, additional 
material shall be obtained from approved borrow 
pits. Except as otherwise provided in Paragraph 
4.3.2, special compaction of the backfill will not be 
required. 

b. Structures on fill.-Where the original ground 
surface is  below the base of a structure or below the 
bottom of a pipe, except pipe culverts crossing 
under the canal, all fil l required for the structure 
foundation and all f i l l  up to the bottom of a 
pipeline shall be placed as embankment. Except as 
provided in Subparagraph 4.3.2.b.(5) for sloping 
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concrete walls or slabs, all f i l l  about the structure 
above the base of the structure to lateral dimensions 
1 foot outside the base of the structure and within 
slopes of 1 : l  to the finished surfaces of adjacent 
earthwork and fill about a pipe, except pipe culverts 
crossing under the canal, above the bottom of the 
pipe to a bottom width 1 foot wider than the 
outside diameter of the pipe and within slopes of 
1:l to the finished surfaces of adjacent earthwork 
shall be placed as backfill. All fil l about the 
structures and pipes, except pipe culverts crossing 
under the canal, above the original ground surface 
and outside the above-described backfill shall be 
placed as embankment. 

c. Pipe culverts crossing under canal.-Backfill shall 
be placed about and over the pipe portions of the 
structure to the original ground surface or to an 
elevation 2 feet above the top of the pipe, 
whichever i s  the higher. Above the original ground 
surface backfill shall be placed to a transverse top 
width equal to the outside width of the pipe or pipe 
encasement and to slopes of 1:l to the original 
ground surface. The remaining fi l l  above the original 
ground surface shall be placed as embankment. 

d. Gravel backfill.-Gravel backfill a t  bridge 
approaches and at weep holes shall be furnished by 
the contractor, and will be included in the 
quantities measured for payment as backfill about 
structures. The gravel backfill at the bridge 
approaches shall be selected free-draining gravelly 
material containing no stones larger than 1 and 112 
inches, and may be selected from required 
excavation or borrow pits. Gravel pockets at weep 
holes shall be composed of a mixture of sand and 
gravel of  the same grading required for the 
aggregates used in concrete. The proportion of sand 
and gravel shall be as directed. 

e. Buried electrical conduit.-All buried electrical 
conduit shall have 2 inches of sand or fine earth 
around each conduit. All trenches for electrical 
conduits shall be backfilled to the finished lines of 
adjacent earthwork. 

f. Backfill about fencepost footings shall be as 
provided in Paragraphs 2.4.1 and 2.4.2. 

g. Measurement and payment.-Excavation refill 
required to  be placed about structures that i s  within 
the pay-line limits for excavation for the structures 
will be measured in place for payment as backfill 
about structures. Except for structures described in 
Subparagraphs b. and c. above, f i l l  about the 

structures above the original ground surface and 
within the slopes of excavation pay lines for such 
structures as extended to intersect the finished 
surfaces of adjacent earthwork will be measured for 
payment as backfill about structures: Provided, 
That above the original ground surface the 
excavation pay lines will be extended to intersect 
the finished surfaces at slopes of 1: 1. Where the 
original ground surface is  below the base of a 
structure or below the bottom of a pipe, 
measurement, for payment, of backfill will be made 
above the structure base or the bottom of the pipe 
and within the lines prescribed in Subparagraph b. 
for backfill. 

Measurement, for payment, of backfill about 
structures will be made only for the quantities 
actually placed within the limits of the established 
pay lines. 

Payment for backfill about structures will be made 
at the unit price per cubic yard bid therefor in the 
schedule, which unit price shall include the cost of 
all work connected therewith, including the 
excavation and haul of the necessary material: 
Provided, That material from required excavation 
used for backfill about structures will be paid for 
both as excavation when removed from original 
position and as backfill when placed. Where 
additional material i s  obtained from approved 
borrow pits and used for backfill about structures, 
payment will be made for the backfill only, and the 
costs of excavating and hauling of such material 
shall be included in the unit price bid in the 
schedule for backfill about structures: Provided, 
That if backfill material i s  not available within 
1,000 feet from any point on the structure, 
additional haul will be ordered in accordance with 
Paragraph 7. 

Refill of excavation performed outside of the 
established pay lines for excavation for structures 
shall be placed in the same manner as specified for 
the adjacent backfill, and such refill shall be placed 
at the expense of the contractor. 

Th-placing backfill in trenches for buried 
\electrical cond* hall be included in the lump-sum 

+. $price bid in the sch dule for furnishing and \ installing materials for electrica system. C-, 
The cost of placing backfill about fencepost 
footings shall be included in the applicable unit 
price per linear foot bid in the schedule for 
furnishing and erecting chain link fence and for 
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' (j'J. A l16~$~k f i l l  about fencepost footings : required excavation or from borrow. The type of '., $,, 

: ?  { : , :-.shall be compacteb. 
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material used and the manner of depositing shall be .* . 
;:- :,-", -r . L A  - . subject to approval. The refill material shall be placed, . , . n 3 .  

5 .  .. 2 ,,,-$-.;{-&-. ' - . - * \ 

i iy ~ a ~ ~ r i a !  and,coipacting.-The material used for moistened, and compacted 1 in accordance with':- -, I +  

-' , backfillftbJbzFom<actid shall be selected material, Paragraph 4.1.3. The refill shall be finished uniformly: - '  < . 
'- , . - . ,<.-.,, 5 c .- 
i,; . conta+g.,:"o5 stones' larger than 3 inches, in and neatly to the lines shown'on the diawings:'..' 

' .. '1 . 
5' / I  .. diaGeteT, approved by, the contradting officer;and . -1 obt.ived ."frob required excavatio% or approved The costs of all work described herein shall be included 

. 
; :'-,:L - borr6wc2bits.. To.$ prevent une'qual loading and in the prices bid in the schedule for other items of A - ' 
i '  %- , . , - 

displice+;nt of a *pipe, the backfill^shall be placed work. ., , ,*. : 
, . 

5 , -  , -  - 
and compacted in layeA having essentially the same ' v -, . ,  . t 

" top e!e&.tion on each ,side of the barrel., All . SECTION 4.4- EMBANKMENT .. - :..: 
mateiials>ih backfill t o  be compacted shall, be 

, - placed,"moistened; and compacted aCprovided in 4.4.1. : , EMBANKMENT ADJACENT TO . ' 
' S  A CONTRACT BOUNDARIES 

. . '  - 
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The contractor shall be entitled to no additio~al 
allowance above the unit prices bid in the schedule on 
account of the requirement for excavating drain?;: 
ditches; for allowing additional time for drying; deltys 
or increased costs due to poor trafficability on t ? e  
embankment foundations or on the haul roads; 
reduced efficiency of the equipment the contrac?or 
elects to use; or on account of any other operations or 
difficulties caused by overly wet embankmeit 
foundations or haul roads. 

Where the ground surface under any embankment i s  
not suitable, as determined by the contracting officzr, 
for a foundation for the embankment, the contractor 
shall strip the area under the embankment of such 
unsuitable material to such depth as may be directed. 
The material so removed shall be disposed of as 
provided in Paragraph 4.2.9. Measurement, for 
payment, of stripping unsuitable material undar 
embankments will be made only to the lines and to 
such depths as may be directed, and payment therefor 
will be made at the applicable unit prices per cubic 
yard bid in the schedule for excavation for canal. 

As soon 'as feasible, after the foundations have bezn 
wet to the required moisture content and before any 
embankm'ent materials are placed, the entire surface of 
the foundations for a l l  collective dike and canal 
embankments to be compacted shall be scarified or 
plowed thoroughly to a depth of 6 inches. 

The ground surface under canal or collective dike 
embankments not to  be compacted and under other 
embankments where directed, shall be scarified with a 
plow making open furrows not less than 8 inches d ~ p  
below the natural ground surface or the strippd 
ground surface, as applicable, at intervals of not more 
than 3 feet; 

Immediately after preparation of the collective dike 
foundation, the contractor shall excavate cutoff 
trenches in accordance with Paragraph 4.2.4. Following 
this operation, as soon as feasible and as approved by 
the contracting officer, the contractor shall place and 
compact embankment in the cutoff trenches and place 
3 feet of embankment over the entire collective dike 
foundation and compact where required. This 
procedure will seal the foundation against loss of 
moisture and provide some consolidation of the 
foundation. 

The costs of procurini4and applying water to and of 
scarifying the foundation surfaces under the collective 
dike and canal embankments and under other 
embankments shall be included in the applicable unit 

prices per'cubic yard bid in the schedule for 
compacting embankments. 

Payment for excavation for cutoff trenches will be 
made at the applicable unit prices per cubic yard bid in 
the schedule for excavation for canal. 

Payment for compacting embankment in the cutoff 
trenches will be made at the applicable unit prices per 
cubic yard bid in the schedule for compacting 
embankments. 

4.4.3. CONSTRUCTION OF .EMBANK- 
MENTS 

a. General.-Canal and collective dike embankments 
shall be constructed to top widths and side slopes as 
shown on the drawings and, where directed to  
provide an allowance for settlement, the 
embankment shall be built to  heights as directed 
above those shown on the drawings. The tops of all 
canal embankments shall be graded to be suitable 
for a roadway, in accordance with Subparagraph b. 
below, and the tops of other embankments shall be 
graded as directed. All exposed embankment side 
slopes shall be left rough as directed. All materials 
shall be deposited in embankments so that cobbles, 
gravel, and boulders will be well distributed through 
the other materials and not nested in any position 
within or under the embankment, except that 
stones and indurated materials larger than 5 inches 
shall be removed from materials to be used for 
compacted embankments as specified in Paragraph 
4.4.5. 

Where the original ground surface i s  below the 
bottom of the canal and where construction of a f i l l  
below the bottom of the canal is prescribed, such 
fill shall be placed as embankment. Where the 
original ground surface is  below the base of a 
structure, the fill required to form a suitable 
foundation for the structure shall be placed as 
embankment. 

b. Roads and ramps.-In conjunction with 
construction of canal embankments the contractor 
shall construct operation and maintenance roads 
and earth ramps adjacent to the canal and structures 
where shown on the drawings and where directed. 
Suitable material from required excavation shall be 
placed as embankments for the roads and ramps. I f  
sufficient material i s  not available from required 
excavation the contracting' officer may direct 
excavation from borrow. Where the width of a road 
i s  not shown on the drawings, it shall have a width 
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of not less than 14 feet. The wo rk  required for 
construction of operation and maintenance roads 
and for earth ramps shall include grading to a 
uniform surface equal to that obtainable with a 
motor grader to provide for safe travel with a 
two-wheel-drive automobile in high gear at 
moderate speed. Special rolling or compaction will 
normally not be .required: Provided, That if 
compaction i s  directed, the compacted 
embankments and payment therefor shall be in 
accordance with Paragraph 4.4.5. 

c. Embankments not to be compacted.-Material 
for these embankments shall have a moisture 
content of not greater than 2 percent wet nor less 
than 5 percent dry of optimum before equipment i s  
routed over the embankments. Embankments shall 
be built in approximately horizontal layers carried 
across the entire width of the embankments to the 
required slopes. Embankments shall not be widened 
with loose material dumped from the top. 
Embankments may be built by excavating and 
hauling equipment, or by excavating machinery 
depositing the materials directly from the 
excavation. Embankments built by excavating and 
hauling equipment shall be made in horizontal 
layers and shall be kept as close to level as 
practicable. The travel over the embankments 
during construction shall be routed so as to 
distribute the compacting effect of the equipment 
to  the best practicable advantage. 

Embankments built by excavating machinery 
depositing the material directly from the excavation 
shall be made in horizontal layers having a thickness 
of approximately the depth of the material as 
deposited by the excavating machine. Finer portions 
of the material excavated shall be placed in that part 
of the embankment nearest the water, and the 
coarser materials shall be placed in outer part of the 
embankment. 

d. Embankments t o  be compacted.-The 
requirements for compacted embankments will be 
as specified in Paragraph 4.4.5. All materials in 
compacted embankments shall be placed, 
moistened, and compacted as provided in Paragraph 

- 4.1.3. 

e. Costs.-Except as otherwise provided for 
compacting of embankments, and for overhaul, the 
costs of all work described in this paragraph shall be 
included in the applicable unit prices bid in the 
schedule for excavation for canal or excavation 
from borrow. 

4.4.4. CONSTRUCTION OF ROCKFI LL 
EMBANKMENTS 

a. General.-Most of the canal excavation in the 
reach between Stations 370+00 and 575+80.80 i s  
expected to be through rock, hard compact 
material, coarse gravel, cobbles, and boulders. 
Suitable materials excavated in this reach shall be 
used to construct rockfill embankments where 
directed. Rock f i l l  embankments shall be 
constructed to top widths and side slopes as shown 
on the drawings; and where directed to provide an 
allowance for settlement, the embankment shall be 
built to heights as directed above those shown on 
the drawings. Al l  materials shall be deposited in 
embankments so that cobbles, gravel, and boulders 
will be well distributed through the other materials 
and not nested in any position within or under the 
embankment. 

Where the original ground surface i s  below the 
bottom of the canal and where construction of a fill 
below the bottom of the canal i s  prescribed, such 
f i l l  shall be placed as compacted rockfill 
embankment. Where the original ground surface i s  
below the base o f  a structure, the fill required to 
form a suitable foundation for the structure shall be 
placed as compacted rockfill embankment. 

b .  R o c k f i l l  embankments n o t  t o  be 
compacted.-Embankments shall be built in 
approximately horizontal layers carried across the 
entire width of the embankments to the required 
slopes. Embankments shall not be widened with 
loose material dumped from the top. Embankments 
may be built by excavating and hauling equipment, 
or by excavating machinery depositing the materials 
directly from the excavation. Embankments built 
by excavating and hauling equipment shall be made 
in horizontal layers and shall be kept as close to  
level as practicable. The travel over the 
embankments during construction shall be routed so 
as to distribute the compacting effect of the 
equipment to the best practicable advantage. 

Embankments built by excavating machinery 
depositing the material directly from the excavation 
shall be made in horizontal layers having a thickness 
of approximately the depth of the material as 
deposited by the excavating machine. 

c. Rockfill embankments"t0 be compacted.-The 
requirements for compacted rockfill embankments 
wiil be as specified in Paragraph* 

4.4.b [ ~ d  2) 
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d. Casts.-Except as otherwise provided for 
compacting rockfill embankments, and for overhaul, 
the costs of all work described in this paragraph 
shall be included in the applicable unit prices bid in 
the so?edule for excavation for canal. 

a. General.-The materials used for the compacted 
embenkments shall be suitable materials, as 
determined by the contracting officer, and shall be 
obtained from required excavation or from 
desi~iated borrow pits. Before the material for the 
first layer of  the embankment i s  placed, the 
foundation for the embankment shall be prepared as 
provided in Paragraph 4.4.2 and shall be moistened 
and compacted in the manner hereinafter specified 
for each layer of compacted'embankment to be 
placed thereon. The embankments shall be 
compacted to  the elevation and to  the top widths 
and side slopes shown on the drawings or prescribed 
by the contracting officer: Provided, That where 
not to be covered with concrete, the density of a 
2-foot thickness, horizontal measurement, of 
compacted embankment parallel and adjacent to the 
inside slope line may be less than 95 percent of 
laboratory standard where it is impractical to obtain 
the 95 percent density with standard rolling 
equipment. All materials in embankments to be 
compacted shall be placed, moistened, and 
compacted as provided in Paragraph 4.1.3. 

The contractor's operations in  the excavatibn of 
materials for the compacted embankment shall be 
such as will result in an acceptable gradation of 
materials to provide for impermeability and stability 
when compacted. The maximum dimensions of 
stonls and indurated materials placed in the 
compacted embankment shall not exceed 5 inches. 

: Stones or indurated materials larger than 5 inches 
shall be removed prior to compacting operations. 

Where the original ground surface i s  below the 
bottom of the canal and where compacted fill below 
the bottom o f  the canal i s  prescribed, such fill shall 
be placed as compacted embankment. Where the 
original ground surface is  below the base of a 
structure, or where sloping concrete walls or slabs 
extend above the original ground surface and it is  
practicable as determined by the contracting officer 
to  canstruct the walls or slabs directly on earth 
foundation without the use of intervening forms, 
compacted embankments shall be constructed to 
lines and grades as directed to form suitable 
foundations for the structure or for the sloping 
walls or slabs. 

b. Measurement and payment.-Measurement, for 
payment, of compacting embankments will be made 
of the embankments in place, including a 6-inch 
layer of the foundation for the embankment 
scarified or plowed as provided in Paragraph 4.4.2 
and will include only such portions of the 
embankments and foundation as have been actually 
compacted at the direction of the contracting 
officer and as providedln this paragraph. Payment 
for compacting embankments will be made at the 
unit price per cubic yard bid therefor in the 
schedule, which unit price will be in addition to the 
unit price bid in the schedule for excavating the 
material placed in compacted embankments, and 
shall include the cost of placing the materials in  
layers, removing materials larger than 5 inches, 
furnishing water, moistening, and compacting as 
provided in this paragraph. 

4.4.6. COMPACTING ROCKFI LL 
EM BAN KMENTS 

a. General.-The materials used for compacted 
rockfill embankments shall be reasonably well 
graded cohesionless materials containing less than 
15 percent fines, as determined by the contracting 
officer, and shall be obtained from required 
excavation. Before the material for the first layer of  
the embankment i s  placed, the foundation for the 
embankment shall be prepared as provided in 
Paragraph 4.4.2 and shall be moistened and 
compacted in the manner hereinafter specified for 
each layer of compacted embankment to be placed 
thereon. The embankments shall be compacted to  
the elevation and to the top widths and side slopes 
shown on the drawings or prescribed by the 
contracting officer. 

The contractor's operations in the excavation of 
materials for the compacted embankment shall be 
such as will result in an acceptable gradation of 
materials to provide the highest practicable unit 
weight and best stability. The materials shall be 
deposited and/or spread in horizontal layers across 
the total width of the rockfill embankment and the 
thickness of the layers before compaction shall not 
exceed 18 inches. The travel of equipment over the 
embankments during construction shall be routed so 
as to  distribute the compacting effect of the 
equipment to the best practicable advantage.dere 
the embankment material does not contain enough 
moisture to insure satisfactory compaction, as 
determined by the contracting officer, the addition 
of water will be required. When the material has 
been properly placed and moistened, each layer 
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shall be compacted with four passes of a 
crawler-type tractor tread. 

b. Measurement and payment.-Measurement, for 
payment, of compacting rockfill embankments will 
be made of the embankments i n  place, including a 
6-inch layer of the foundation for the embankment 
scarified or plowed as provided in ~aragrpah 4.4.2 
and will include only such portions of the 
embankments and foundation as have been actually 
compacted at the direction of the contracting 
officer and as provided in this paragraph. Payment 
for compacting rockfill embankments will be made 
at the unit price per cubic yard bid therefor in the 
schedule, which unit price will be in addition to the 
unit price bid in the schedule for excavating the 
material placed in compacted rockfill embankments, 
and shall include the cost of placing the materials in 
layers, furnishing water, moistening, and 
compacting as provided in this paragraph. 

SECTION 4.5-SLOPE PROTECTION 

4.5.1. RIPRAP AND COARSE GRAVEL 
PROTECTION 

a. General.-The contractor shall furnish and place 
riprap and coarse gravel protection to the prescribed 
outlines and thicknesses as shown on the drawings 
for the protection of channels and structures, and 
elsewhere as required. 

b. Material.-The rock shall be hard, dense, and 
durable. Either quarried rock or boulders may be 
used for riprap. The rock in riprap and the gravel 
protection shall be reasonably well graded from the 
maximum size down to the minimum size as shown 
in the table. 

Any royalties or bther charges required to be paid 
for materials taken from deposits not owned by the 
Government and controlled by the Bureau of 
Reclamation shall be paid by the contractor. The 
approval of deposits by the contracting officer shall 
not be construed as constituting approval of all or 
any specific materials taken from the deposits and 
the contractor will be held responsible for the 
suitability of all materials used in  the work. 

The sizes of rock to be used in the different 
thicknesses of riprap and the range of grading for 
coarse gravel protection are as follows: 

*Thickness of riprap not including bedding. 

c. Placing.-The rock in riprap and coarse gravel 
need not be hand placed, but shall be dumped and 
smoothed by moving rocks into position in such a 
manner as to insure that the material when in place 
i s  stable and without tendency to  slide, and so that 
there will be no unreasonably large unfilled spaces 
within the riprap. The inclusion of rock spalls or 
gravel in an amount to fill the voids in riprap, but 
not in excess of that amount, as determined by the 
contracting officer, will be required. The inclusion 
of earth, sand, or rock dust in excess of 5 percent, 
by volume, in riprap or coarse gravel protection will 
not be permitted. 

Coarse 
gravel 

protection 
Thickness 
shall be as 

prescribed on 
the drawings 

118 f t3 

3/16 inch 

Riprap protection 

All riprap shall be bedded in a continuous layer of 
sand and gravel or sand and crushed rock of the 
thicknesses shown on the drawings, reasonably well 
graded to a maximum of 1 and 112 inches in size. 

*Nominal 
thickness 

Maximum 
size rock 

Minimum 
size rock 

d. Measurement and payment.-Measurement, for 
payment, of riprap or of coarse gravel protection 
will be made to the outlines of the riprap or coarse 
gravel protection directed to be placed on the basis 
of the nominal thickness prescribed. Payment for 
riprap or for coarse gravel protection will be made 
at the applicable unit price per cubic yard bid 
therefor in the schedule, which unit price shall 
include the cost of procuring or furnishing, hauling, 
and placing the rock for riprap or gravel for coarse 
gravel protection, including the rock spalls and 
gravel to fill the voids in the riprap. 

Measurement, for payment, of sand and gravel or 
sand and crushed-rock bedding for riprap will be 
made to the specified 6 - k h  thickness, and to the 
prescribed outlines of the bedding directed to be 

24 inches 
. 

114 yd3 

1/10ft3 

12 inches 

1 ft3 

1 a ld  112 
inches 
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placed. Payment for sand and gravel or sand and 
crushed-rock bedding for riprap will be made at the 
unit price per cubic yard bid in the schedule for 
sand and gravel bedding for riprap, which unit price 
shall include the cost of procuring or furnishing, 
hauling, and placing the bedding. 

Excavation, backfill, and compacted backfill 
required for the placing of bedding, riprap, or coarse 
gravel protection will be measured to the prescribed 
outlines and depths and will be paid for as 
excavation for structures, backfill about structures, 
and compacting backfill about structures. 
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Culvert DesignerIAnalyzer Report 
CAP24000 

Anafysis Component 

Stsrrn Event Design Discharge 5OO.al cf5 

Peak Discharge Method: User-Specfied 

Design D~scharge 500 00 cfs Check Discharge 500 00 cfs 
-- 

Tailwater properties: Rectanguiar Channel 

Slope 
Depth 

0.500000 RA Mannings Cneftcient 
0.75 R Bottom 

T a i h t e r  conditions for Design Storm. 

Discharge 500.m cfs Bottom Elevation 1,539.77 fl 
Deph 0.76 f: ~ e l o i i t y  E.15 Ws 

Name Descnp:ion D~scharge HW Ei- Vriocny 

Cutvert-1 1-72 inch Circular 533 i)3 ofs 1.557.52 R 18.07 R/s 

Weir Not Considered ta.4 MA W.4 

Project Title: PADELFORD WASH FIS Project Engineer: GREG SC'HUEWE 
C,.Y.=adYUrUUU-.UCU vm-.- OUY(UY.YLI u a 
mnlm 07:14:14 AM o naeaaa ~ e t n ~ a s .  IN. 37 8rOOkSlUe Road vmemury,  c ~ m m  USA m) 7 w - 1 ~ ~  Page 1 012 

-4 



Culvert Designerkafyzer Report 
CAP24000 

Cukrt  Summary 

Computed Headwater Elevation 1,557.52 R Discharge 5W3.00 cfs 
Inlet Control HW Elw 1,55752 R Taihrrater Elmation 1,540.53 A 
Outle? Control HW Elev 1.5%S f! Cootroi Type !nlet Control 
Headwater DeptN Height 2.74 

Grades 

Upstream Invert 
Length 

Hydraulic Profrle 

Profile Cornpositefv?2Pressure Depth. Domstream 5.67 R 
Slope Type Mild Normal Depth WA A 
Flow Regime Subcrrtical Crriical Depth 5.67 R 
Velocity Downstream 18.07 Ws Cmical Slope 0.010273 WR 

Section 

. . Section Shape 
. ... - - .  :< 

. = Section Materiai 
Sec:ion Size 
Number Sections 

f.- w~tcu!ar Mannings Coefficient 
Concrete Span 
72 inch Rise 

1 

Outlet Control Properties 

Outlet Control WN Eiw 
K.e 

?,5555c 3 Ucstream Velocity Head 
D X f  Entrance b s s  

inlet Control Properties 

infer C~i;l::oI W E  Elel; : , ~ 9  a Flow Control 
Inlet Type Square edge wlheab*alf h a  Full 
K 0 DCm HDS 5 Chart 
M 2 m  HDS 5 Staie 
C 5.EFElQ Equat~on Form 
Y 0 6 7 ~ x 1  

Submerged 
2g.3 Rz 

1 
1 
1 

Project Tltle: PADELFORD WASH FIS Projed Engkeer: GREG S C H V E W  
c:'hacstabcrm\trsu320. cwn A-?4WESl .W CutvcrtMa~tor r( .O 

~ 1 1 1 U 3  07.14:14 AM O Haestad Methuds. lnc. 37 Brookside Road Waterbury, C f  06758 U S A  (203) 755-1666 Page 2 012 

A -4 



Rating Table Report 
CAP24000 

Ranoe Data: 

Pro~ed  Tttle: PADELFORD W B H  FIS Projed Engtneer: GREG SCHUEWE 
C t U U Y I F I L U I O - . M  A-U-.UO O U H 1 W W I H U *  H .O 

rnn~rn t3f:lt.3;1 AM tl naenaa MetnOUS. inc. 37 oroo~slae ROaU ~ m e m u r y ,  C T ~ =  USA m) zn-~ws page I or 1 

A -6 

Minimum Maximum Increment 

Discharge 0.00 330.00 25.00 cfs 

(D) Dn V 

0.011 
7.24 
8.81 1 
9.93 

10.8) I 
11.22 1 
11.74 j 
12.19 I 
12.m 1 
12.96 1 
:3Z2 
1 3 ~ 3  i 
12.93 1 
44.14 1 
1 4 3  I 
1 4 . 3  

15.g  15E 1 
16.51 
17.28 
18.67 j 

(0) W o  

1,539.77 
: 543.05 
1,543.97 
1,544.60 
1.545.31 

Wi 

1 ,539.77 

1542.84 
1543.64 
1,544.30 
1,544.93 

I 

Discharge (cfs) 

0.W 
3.E 
53.03 
75.00 

1W.m 

HkV Elw (ft) 

1,539.7i 

1,543.33 
1.543.91 
1,544.E 
1.56.31 

125.00 
150.00 
175 00 

1 z z  
25.303 
275 00 

1.545.85 
1,546.42 
1,546 94 

1547.35 
1,547.95 
1,544345 

1,545.46 
1546.CfI 
1,546.54 

1 547.8% 
1 547.63 
1.54Q.21 

7,548 84 
m.3CI 

35000 
-- I ll5.m - ...- % 

4C0.00 

425 tL! 

-1 47S.m 

j m.CQ 

1,545.88 
1546.42 
1,546.94 
1,547.45 
1 547.95 
1542.45 

1.548.96 
1.559.47 
1549.93 

1.55cl.54 
1.551.06 
1,551.64 

1332.59 
1553.54 
1,55450 

1.555.9 

1,599.55 5(s.93 1 1,549.55 

1 , ~ . 3  / i ,550.33 
1,551.17' 
! .57 07 
1-2.04 
7,554.06 
1,555.15 
1,5523.30 

1.5s7.9 

1,551.17 
1.552 07 
1.553.04 

7 ,554.06 
1,555.15 
1,556.30 
1.557.52 





Culvert Designerihafyzer Report 
CAP25300 

Analysis Component 

Storm Event Destgn Discharge 550 CQ cfs 

Peak Discharge Me:hod: User-Specified 

Design Discharge 550.00 cfs Check Discharge 500.00 cfs 

Taitwaier pmperties: iiectangula: Channei 

Slope 0.!5mm ft.3 Mannings Caefitient 0 012 
Depth 0.85 R Bcttom iV&h 10.DO ft 

Taitwater conditions for Design STom. 

Discharge 55030 cfs Ecotiom Eiev8,ion 1.53.54 R 
Depth 0.m ft Velocity m.49 Pis 

Name Description Discharge HW Elw Velocity 

Culvert-1 1-72 inch Circu!ar W.53 cfs 1,552.87 f: 19.70 ws 
Weir Not Considered St& NI.4 Nf A 

Pmjed Mle: PAftELFORD WASH FtS Project Engineer: GREG SCHVEWE 
b : u u ~ ~ M a ~ l O - . b ~ ( * (  A.rr-,rrO O u ~ f t m . ~ I ~  M .0 

m m m  ~r.sl:a r M  e naes'aa ~ e t n o a ~ ,  ~nc. s t  aroons~oe ~ o a o  waremury. CT w m  U ~ A  m) Z B - I ~  page 7 or2 



Culvert DesignerMnafyzer Report 
CAP25300 

Culvert Summary 

Computed Headwater Elevation 1 ,55?3.82 fl Discharge 550.~1 rfs 
inlet Control HW Elev 1,559.82 fi Ta~hrater Elevat~on 1.540.34 R 
Outlet Control HW E l m  1.557.45 f! Control Type Inlet Control 

H e a M t e r  DeptN Height 3.18 

Srades 

Upstream Invert 1,540.35 fi Downstream Invert 1,539.54 R 

Lenuth 221.00 ii Constructed Slope 0 . W 2 0  fu'ff 

Hydraulic Profile 

Profile ComposkteM2Pressure Depth, Downstream 5.77 fl 
Slope Type Mild Normal Depth NfA fi 
Flow Regime Subcritical Critical Depth 5.77 R 
Velocity Downstream 19.m ws Ciitical Slope 0 . 0 1 ~  Ffi 

Section 

. - Sectron Shape C~rcular Mannings Coefficient 0 012 
; I %': Section Matenal Concrete Span 600 fi 

Sec:ion Sue 72 1nc3 Rise 600 R 

Number Sect~ons 1 

Outlet Control Properties 

Outlet Control HVd Elev 1557.45 R Upstream Velocdy Head 5.88 R 
Ke 0.9 Entrance Loss 2.Y4 f l  

- 

lnlet Control Prooerties 

Inlet Con:rol FN E l w  1,533.5-2 n Flow Control 

Inlet Type Square edge wlheadwall Area Full 
K O.OD990 HCS 5 Chart 
M 2 . ~ 0 ~  HDS 5 Scale 

C 0.- Equation Fonn 
Y 0.670CW 

Submerged 

28.3 n2 
1 
1 
1 

Projed Mle: PADELFORD WASH FIS 
c : ~ h o e s t a & m m b ~ . c n n  

ProJed Engineer: GREG S C H U E W  
O u k ~ M u ¶ k r  t1.0 

12:51:43 PM O Hagstad Methods, lnc. 37 Brookulde Road Waterbury. CT OF,7OB USA @3) 755-1666 

P - 9  
Pope 2 012 



Rating Table Report 

Range Data: 

Minimum Maximum Increment 
Discharge 0.00 550.00 50.W cfs 

Discharge (cfs) HW Elw (R) (I) HWi (0) HbVo 

0.00 1.539.54 1.539.54 1 ,?539.54 

=.GYMI l.543.B 1543.33 1,543.66 
1m.m 1 545.00 1,544.9 1 . ~ ~ 5 . 0 0  
150.1#3 1 ,-W. 1 1 1.545.70 7,545.1 1 
2.X.W 1,547.14 1,546.78 1 S7.74 
m.DD 1.549.74 1,547.93 1,548.1 4 
353.m 1549.24 1.549.24 1.549,16 
3X.W 1,550.86 1,550 B6 1,550.22 

1.554.84 1.553.33 

553 Oi)! 1,55i.52 1 1 , rn .FZJ 1,557.45 

Pmjed Tnle: PAOELFORD WASH FIS Profed Engineer: GREG SCHIJELKE 
c : Y l s c l o ~ ~ ~ . c n n  k C I m . I W O  CulnfiMaater vl.0 
WKEKtY 12:57:11 PM Q Haestad Methods, lnc. 37 Brookslde Road Waterbury, CT[XiTOB USA p) 755-1666 Page 1 or1 
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Culvert Designerhatyzer Report 
CAP27235 

- 

.4nalysis Component 

Storm Event Design Discharge 1,550.00 cfs 

Peak Discharge Method. User-Specified 

Design Discharge 1,550.m cfs Check Discharge 1 .250.00 cfs 

Tailwater pmperties: Rectanguiar Channel 

Slope 0.- Wn Mannings Coefficient 0.012 
Depth 0.79 R Bottom Width 27.00 ft 

Taihvater conditions for Design Storm. 

Discharge 1,550.W cfs Bottom Elevation 1,539.47 R 
Depth 0.79 ft Velocity 72.28 fv's 

Name Description Discharge HM, Elm ~ e l o c i t y  

Cukr t -1  372 inch Circular 1.550.W cfs 1.557.19 R :R.E1 Ws 
Weir tu'ot Considered MA Q'A FL'A 

Project Rtle: PADELFORD WASH FtS B-12 Project Engtneer GREG SCHUEW 
c:VlscltaUuwn~SUf2O.cwn M W . # t C  Cuhr tMadcr  H .O 
09~~3431 11 :47.36 AM 0 Haestad Metnoas, lnc. 37 Brookslae Road watemury, ~ ~ 0 6 7 0 8  USA g03) 7 9 5 - 1 ~  Page I or2 



Culvert DesignerlAnaJyzer Report 
CAP27235 

C u k n  Summary 

Computed Headwater Elmat~on l s . ? 9  A Discharge 1,550 00 cfs 
inlet Control HW Elm 1.557 19 R Talwter  Elevation 1,539.28 fl 
Outlet Control HW E l 3  1.554% R Con?ml Type Inlet Control 

Headwater DeptN Heiaht 288  

Grades 

Upstream Invert 1,55593 R Downstream lm-ert 1.538.47 R 
Length 2223 n Constructed Slope 0 . m ~ 4 3 3  R A ~  

Hydraulic Profile 

Profile Compos~e~Pressu re  Depth, Downstream 5.71 A 

Slope Type Mild Normal Dept!, NiA it 

F!m Regime Subcritical Critical Depth 5.71 R 
Velocity Downstream 18.51 Pds Cfilical Slope 0.010991 fWt 

Section 

Sect~on Shape 
. 'Secticn Matenal 

Section Size 

Number Secf~ons 

Circular hlannings Coficient 
Concrete Soan 

72 inch Rise 

3 

0u;let Control Properties 

Ourlet Control W Elev ? B G 5  f: Ups~ream Velof dy Head 5.19 R 
KE 0.52 Entrance Loss 2.59 R 

Inlet C ~ n t m l  Properties 

Inlet Controf If.%' Elev IS7.73 :, Flow Control Subrner~ed 

Inlet Type Square edge w h e a b a l l  Area Full 84.8 RZ 
K D . m  HDS 5 Chart 1 
M 2.Ce7m HDS 5 Scale 1 

C 0.03995 Equation Form 1 

Y 0 . 6 7 ~ ~  

Project Mle: PADELFORD WASH FtS A -/3 Project Engineer: GREG S C H U E W  
e:~+IeOm.IWmUm-. b*m nuWCPt,m euwu*wems* u .O 

miwsnm 11 :47:% AM o naestaa ~e tnoos ,  tnc. 3r aroo~stae ~ o a a  waremury, ct ocm IJSA [mj) mlm page z or z 



Rating Table Report 
CAP27235 

Range Data: 

Minimum Maximum Increment 
Discharge 0.00 1550.011 50.00 cfs 

Discharge (cfs) 1 HW Elm (R) [ 

Pmjed Tnle: PADELFORD WASH FIS Project Engineer: GREG SCHUEWE 
C:ihacda6r*mL16U320.m kllYnm,blQ C u h r t M a d c r  rI .O 

CZ3/U6/UO 11:51:31 AM O Haestad Methods, lnt. 37 l3rookslde Road Watemury. CT 067133 U?A m) 755-1693 Page 1 or 1 





Culvert Designerhalyzer Report 

Analysis Component 

Storm Event Design Discharge 550.00 cfs 

-- -- 

Peak D~scharge Method User-Specifted 

Des~gn D~scharge WOO cfs Check D~scharge fiOO00 cfs 

Taiiwaier properties: Rectanguiar Channel 

Slope 0.500030 ?A Mannings CoeRcient 0.012 
Depth 0.80 R Botlam Wjdth 10.E) R 

Tailwater conditions for Design Storm. 

Discharge 

D e ~ t h  

Name Destnpt~on Discharge HW E lm Velocity 

Cukrt-1 1-72 inch Circular f;fO.m cfs 1 ..W.67 ft 19.70 Ws 
Weir Not Considered NIA &!A w.4 

Project Tltle: PADELF ORD WASH FtS ProJed Engineer: GREG S C H U E M  
c: \hoc~a&cvmkM49ZJ.mn knYRm.lllO CuhertMs*cr vl .O 
D~/w/w l2'23:10 PM o ~ a e ~ a 6  ~ a h o d s ,  lnc. 37 Br001(slde Road V.'aIemury, C T W m  USA (203) 755-7666 page 1 012 



Culvert DesignerIAnafyzer Report 
v 
ct)P 279*0 

C u k r t  Summary 

Computed Headwater Elevation 1.59.67 R Discharge 550.00 cfs 

Inlet Control MrV Elev 1.558.67 f t  Taihvater E lm t i on  1,538.14 A 
Outlet Control MrV E l m  1.556.27 R Control Type Inlet Control 

Headwater DeptN Height 3.18 

Grades 

Upstream lmert 

Length 

1 ,=.61 ft Downstream invert 

22233 A Constructed Slope 

Profile CornpositeM2Pressu1-e Depth. Downsrream 5.77 R 
Slope Type 
Flow Regime 

Miid Normal Depth 
Subcritical Critical Depth 

Velocity Downstream 19.70 Rfs Critical Slope 0.012535 fLAf 

Seciion 

Section Shape Circular Mannings Co~Sicient 0.012 
.h\ 

?Section Material Concrete Span 6.m ft 

Section Size 72 inch Rise 6.W R 
Number Sections 1 

Outlet Control Properties 

Outlet Control W E l w  
Ke 

1.5-55.27 R Upstream Veiociiy Head 

0.9 Entrance Loss 

- -- - - - - 

Inlet Controi Propertie6 

Inlet Control WVV Elev 1 :559.67 R F l w  Central 

Inlet Type Square edge wtheadwali Area Full 
K O . E S B J  HDS 5 Chart 
M 2.- HDS 5 Scaie 

C 0.13398) Equation Form 
Y 0.6703 

Submerged 
z . 3  R= 

1 
1 

1 

Project Mle: PADELFORD WASH FIS p -/7 Project Engineer: GREG S C H U E W  
b \ I ( I m M a - m . c * m  MI-.- OUY.nMaHlr U 0 

C A m  ~z . z ) :~cI  PM O naestaa MmnnOS, M. 37 Clroonslae Roaa walerttury, Cr OBmO USA m) M-1m page 2 VTZ 



Rating Table Report - 
C,+P 2 7 ~ 9  

Range Data: 

Minimum Maximum Increment 
Discharge 0.00 550.00 50.00 cfs 

Discharge (cfs)] HW Elev (ft) 1 (I) H~VI I (0) W o  I (D) Dn V I 

Projed Mle' PADELFORD WASH FIS EJ -18 ProJed Engineer GREG S C H U E W  
c i h o o t a d \ m m ~ e 4 a 2 a  cnn Mvutm*sro CufvcrtMa~cr vl 0 
U 3 W  12 2E 1E PM O Haeslad Methods, lnc. 37 Brookslde Road Walemury, CTCE7CB USA (203) 7551EZ Page 1 of 1 

>--" -- - - - - - - - - - - 





Culvert Designerfhalyzer Report 
CAP29870 

- -- - - - -- - - -- -- - - 

Analysis Component 

Siorm E e n t  Des~gn Dtscharge 550 00 cis 

Peak Discharge Method: User-Specified 

Design Discharge 553.00 cfs Check Discharge 400.00 cfs 

Taiiwaier properties: Rectanguiar Channel 

Slope 0.ECODX fb? Mannings Coemrient 0.012 
Depth 0.m f? Eonom Width 10.i33, ft 

- - - - --- -- 

Taitwater conditions for Design Storm. 

Discharge 5% D2 cfs Bottom Elevation 1,533.21 fl 

Depth 0.50 R Velocity 68.49 Ws 

Name Descnption D~scharge HW E!ev , Velocity 
- -  

Culvert-1 7-72 inch Circuiar 5%. X cfs 1 ,%Z.ST f: 19.70 f!!s 
Weir Not Considered t.i:.A !&<A NIA 

Project Tnie: PADELFORD WCSH FIS Project Engineer: GREG Sf HVELKE 
o . w a e m d ~ ~ . b ~ m  nwmm.ao O u m f l ~ e ~ t e t  n .o 
t 3 s m  1 1 x i : l u m  e naesraa Melr1609. ~nc.  37 a r o u ~ s ~ a e  ROaU waremury, c r W m  USA pn) TXIW, par)* I o f2  



Cufveit Designerihdyzer Report 
CAP29870 

Culvert 3ummar]. 

Cornpuled Headwater E!evation 1,55357 e Discharge 550.K) 15s 

Inlet Control HW E l w  153.57 R Taihvater Elevation 1.53.01 R 
Olrtlot Control HW E l w  1.553.15 R Control Type Inlet Control 

Headwater Depihi Height 3.18 

Grades 

Upstream Invert 1 ,SB.51 R Downstream invert 1,538.21 R 
Length n.3 f: Constructed Slope 0005822WR 

E$rau!ic Profile 

Profile Cnrnp-.~i?cW~Prcssu~e Depth, Downstream 5.77 R 
Siope Type M i i j  Normai Deprh NiA n 
Flow Regime Subcntical Critical Depth 577 R 
Veioc%y Downstream ;gZ ?.!s Cnticai Slope O.G12SC% P A  

~ - - - - -  ~ ~ 

Section 

Section Shape Circala; Mannings CoeTic~ent 0 012 
. . 
-, S ~ c i i o n  Mat~r ia l  So-crete Span 6.m fi 

Sed; ;?  Size 77 , i iilil: *.,..h p , ~=e  ' .- 8.00 RI 

Number Sect~ons 1 

OGIe: Control P!opertirs 

Ou!iet Control HW Elw 1 ,533.15 C Upstream Velocfiy Head 5.88 f: 
Ke 0 . 9  Entrance Loss 2.34 f: 

inlet Control Pro~er t~es 

lniet Control HW Eiw 1 ,5557  f; FIw Control St;3meiged 
Inlet Type Scuare edge w~%ea&al i  Area Full 283 hZ 
Y, O D 2 9 3  HDS 5 Chart 1 
14 5 lEF333 HDS 5 Stale 1 

C CJCB2@3 Equation Form 1 

'y c.E'Cm 

Projec! Tftle: PMjELFORD WASH FIS 
c : i h a r ~ t a ~ b r 6 ~ . c w n  

Project Engineer: GREG SCHUELKE 
CulvcrtMaater v l  .O 

CUmm 17.ZG:10hM o naestaa ~ e ~ n o a s ,  IRC. 37 erooks~ae Road Watemury. CT ~ ~ 7 1 3 3  USA @33) 73-1EEE page 2 or2 



Rating Table Report 
CAP29870 

Range Data: 

Minimum Maximum Increment 

Projert Tlt.le. PADELFORD FIS Project Eng:neer: GREG SCHtJE W 
e ~ - ~ e c a t d ~ - ~ . ~  n.C(-,CIO O U w i Y n M e M O I  I* .0 

m m m  i r : in :~a  PM C) n a e s t ~ n  ~ e t r t o o s .  IW. 37 ~roonsloe ~ o a a  wareroury, CT wdm 7m-7- page 1 or 1 
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1 Culvert DesignerlAnafyzer Report 
CAP31 500 

- 

.Analysis Component 

S!om Event u"estgr1 Discharge 1,55000 c k  

Peak Discharge Method User-Soeafirld 

Design Discharge 1 532 Cf2 ':% Check Dtschage 1.250 CQ cfs 

- 
taliwster properties: Recranguia: Cnannei 

Siooe O.,sClmX PUT hfannings Coe5cient 0 012 
Depth 0 . B  fi eonom Wt&h 17.m R 

Taitwatrr conditions for Design S o n .  

Discharge 1 .55C.00 cfs Rottom E!evation 1,538.16 R 

Nsme Oescriotton Dis-harge hW Eiw Velocity 

Project Mle: PADELFORD 'WASH FtS B -24 Project Engineer: GREG SCHVEWE 
C : Y I o c M o i l E - ~ . e n n  *.fa mol. )(O 0~I *S1tMast~t  M .O 

wmm I:.XI.PI AM t t - i a e ~ ~ ~ u  M~IRBUS, rrrc. ST ~ r o o ~ s ~ a e  ~ c ; a u  v;a~eroury, cr w,m USA gm) ~=lrpn page 1 OTZ 



C u k e  Summary 

Computed Headwater E lmt ron 1 . 5 . 2  f! Distharge 1,550 M cfs 
inlet Control HL%, Elev 1.56.72 3 Taitwater Eieva;ton 1.533 95 R 
Oii?let Control HW Elev 1,W.E f! Contml Type !r?!et Control 

Headwater Gepthi Height 2.58 

Upstream lmzrt ? 3 9 . 4 3  R Downstream I m r t  1.638.16 R 

Length " 3  R Constructed S l o ~ e  O.C'DSR? R m  

Profile Compcst!eh?2Pressure Depth, Downstream 5.71 R 
Slope Type Miid Normal Deprh WA R 
Flow Regime S~ibcrkicai Critical Deflh 5 7 1  R 
Velocity O m s t r e a m  7B.El Rfs Critical Slope 0.010991 R/R 

Section 

Section Shape C i ~ ~ l a i  hlannings Gc.eR~ient 0.012 
:, Sec!ion Matenal Coccrete Span 6.03 R 

Sec:ion Size 72 inc: Rise 8.00 f: 

Number Sections 3 

i3~;tiei Control Propert~es 

Outlet Conrrol HW Elev 1.53B3 R Upstream Veiocfiy Head 5 7 9  R 
Ke C . 9  Entrance Lrjss 2 5 9  R 

-- 

iniet Control Properties 

inlet Ccntrol I+&' Etelr 1 .=3 72 :: Flow Control Svbrneiged 
lnie? Type Square edge ufheawall Area Full 8d 8 R2 
K D C 3 9 C I  HDS 5 Chart 1 

M 2KK333 YDS 5 Scale 1 

C OG3!?Ea Equat~on Form 1 

Y O E 7 m  

Project Mle:  PADELFCtRD V J S H  FIS Projed Eng~neer: GREG SCHUELKE 
c .~oeota6mnbr&U320  c m  A U m , N U  CukrtMerrtcr r1.0 
W / M ~  11 3 8 . 4  1 AM G neesraa MH~IOOS, fnc. 37 arooksioe ROaa waremury, CT rn USA wj 7 ~ 1 ~ ~  page 2 of 2 



Rating Table Report 
CAP31500 

Rsnoe Data: 

Projed Tile: PADELFORD WASH Fts & - a 4  Proled Engineer: GREG scHuEW 
e . w o e n e ~ - . e m ~ ~  A-mYICOT...O OUCIC~M~O(OI u .0 
~ 5 ~ ~ 3 ~ 2 3  II:JJ:~Z AM o naestaa ~ a n o a 9 ,  tnc. 37 tsroo~slae ~ o a a  wa~emury.  CT m m  USA ~ 3 )  ~ 5 9 - I =  Page r or 1 

Minimum Maximum Increment 

Discharge Oa3 1,550.DO 50.00 cfs 

(D) Dn V 

0.00 
n 2- 

U.d' I 
7.74 1 
9.71 
9.41 
9 97 

10.44 
10.85 
1 1 . 3  

1 1.87 

12.42 12-l6 I 
1267 ( 
12.m 
13.12 
13 32 
13.51 

13.67 
13.82 

14.16 

1 5 . E  
15.53 1 
IS.01 1 
16.51 1 

18 07 
18.6i 

(0) H'Ho 

1.533.16 

1 

1 Discharge (cfs)] HW Elm (R) 

0.031 1 ,=.I5 

(T) tiW 

1,538.16 
I : 56: .SS I LN.W 

1.541.19/ l j11.75 ! im m 
1 9 . 9 3  1.542 23 1.542.3 

200.'30 
250.00 

1 -543 87 1,543.26 1 j33.63 
1 .W.S 1,543.53 1,544.05 

430.00 1,54442 1 9 4 . 4 2  

~ . m  
5Z.M 1,545 47 

1.545 61 
WEJ 1 ,545.i4 

1 ,547.15 1.546.93 1,547.15 
? 547.:3 1.5547.49 

1.547.91 1,547.63 
253.W . 1.54843 7 548.10 

I ,W.M 1 549.96 1 546.53 
1 ,DY1 3i) 1,549.53 1.548.90 

? 549.58 
7 ,551 .% 

1 1 5 9 . 0 2  1 ;5-;1.CM 1 1552.02 1550.74 
:=.W 1,552.78 1 1,552.7e 1,557.36 

1.553 51 1.553.51 1 551 .sS 
1,554.27 1.552.54 

1.555 LE 1 ,=.E 1,55?.29 

1.53 fX 1 ,=.a 1,553.97 : 1,55672 ; ,5546G 

1,542.81 
1,543.26 

1.542.45 1542.01 



P r o j e c t  /' 6 / ~ h t .  01 

Cnnsuit~ng Engineen /3aJe/srd - -  ~ ~ o s / i  F L ~  --- C O ~ C .  e y  6 HS Cote 7kA0 
Richmond, Cal i fornia 
S o n  Jcss, California F @ n  77 /a Chka.  D o 4 *  
Phoenix , I r i z c n o  

,Peqen+;o~~  / D e k r ,  hbn Bas l'n D a k  
From 320 9 'k T~ /6 3 R 0 Ads* 

L O C A T / O N  :, b e s f  -- - - -- -- C /&3 " OPI~ ---+I- d ----- ~ / o r / A  Or CRP - pad,/ 
P SA. 24@%0~ 

- - - - - - - - 
- 1.- 

:EL-v, , A Q E , ~  ' , + y ~ / , o q ~ , !  I D S P I L L  U P  y -1 T o 7 # - ~  
, I /oL ? <c f 53 g / 5 c  /(L LSL- D/SCP/Q,~~,E 
i i ( A c )  ( , q S - ~ 7 )  cnr z4.t-09 (C ,=5\ - -- 
i------- 

Flow r; 
--- 0 I /54/,0q - - 0 - d - - -  -- - .. - - - -- - - - - 

ICA?  1 /3 -- -- . --- - 

/30.d - 5 -  i.7 .-- -- -. 

/f;@ : 7 6  7. lo-@ 7 .... 3 2  7 d  5 
5 29- g o  --2-76.7 276~7 

J550 [-6,dB 36e22 3 / 4 , 4  - -  - - 3/44 
i $ 4 3  2 z02 78.92- 373-1 - 3 73, / 
(3>41 32/47 / 6 B 4 7 7 .  37?,0 3 7 9 1 4  

1559. -Z%C?-~ /#4e2-7. -423, < 2 4 0 -  - .- 6'2 3 e  5 



Worksheet  
Worksheet far Irregular Channef 

Project Description 
Project File c :\fmtu\.padell .fm2 
CAJorksheet VVEIR FLOW OVER 163RD AVE.WEST TO EAST 
Fiotr~ Element Irregular Channel 
Method tvlanning's Formuia 
Soke For Mfater Elevation 

Input Data 
Channel Slope 0.020000 ft/ff 
Elevation range: 1553.00 it to 1556.00 it. 

Station jft) Elevation ( f t )  Start Station End Statian 
0.00 1556.00 0.00 701 .OO 

300.00 1554.00 
400.00 1553.00 
540.00 1554 .OO 
700.00 1555.50 
701 .OO 1556 .OO 

Discharge 200.00 . ft3/s + 0 2 200 

Roughness 
0.015 

Results 
Wtd. fvlannings Coefficient 0.015 
Water Surface Elevation 1553.54 fl 
Flow Area 34.38 fta 
Wetted Perimeter 123.46 ff 
Top Width 128.48 fl 
Depth 9.54 ft 
Critical Wiater Ellev. 1553.70 ff 
Critical Slope 0.004644 R/fl 
Velocity 5 .G2 O e F  f 
Velocity Head o r /  of c#P Specific Energy 1554.06 
Froude Number 
Full Flo~v Capacity 

Haestad Fdethods. IRc. 37 Brookside Road Waterbury, CTi)6TOti i2mj 73-7666 



Worksheet 
Worksheet for  Irregular Channel 

Project Description 
Project File c:\fmvApadell .fm2 
Worksheet \nlEIR FLOW OVER 163RD AVE.VtlEST TO EAST 
Flot*~ Element irregular Channel 
Method Manning's Formula 
Soke For Wfater Elevation 

Input Data 
Channel Slope 0.020000 Wff 
Elevation range: 1553.00 fi to 1556.00 ff. 

Station (ff) Elevation (ff) Start Station End Sfafion Roughness 
0.00 1556.00 0.00 701 .oo 0.015 

300.00 1554.00 
400.00 1553.00 
540.00 1554.00 
700.00 1555.50 
701 .OO 1556.00 

Discharge 2250.00 fS!s 

Results 
VJtd. Mannings Coefficient 0.015 
CIVater Surface Elevation 1554.31 f l  
Florv Area 205.55 ff7 
Wetted Perimeter 318.63 ff 
Top Width 318.62 fl 
Depth 1.31 ff 
Critical Water Ekv. 1554.82 ft 
Critical Slope 0.003405 R/ft 
Velocity . 10.46 Ws /5451° df'- 
Velocity Head 1.70 ff 
Specific Energy 1558.01 ff 

Q = = 3 / 5 0 ~ ~  
Froude Number 2.30 
Full Flmv Capacity 20814 -59 fta/s 
Flaw is supercritical. 

Haestad Methobs. lnc. 37 Eroottsrde Road Waterbury, CTO67OB (203) 755-1666 
Fltiwfvlaster u4.l c 

Page 1 or 1 



Cror 5 Section 
Cross Section for irregular Channel 

Project Description 
Proiect File c:\fmwi~adell .fm2 

\n!EIR FLO w OVER l63RD AVE.WEST TO EAST 
Flow Element Irregular Channel 
Method Manning's Formula 
Sohe For Water Elevation 

Section Data 
IVtd. Mannings Coefficient 0.015 
Channel Slope 0.020000 ft/R 
Water Surface Elevation 1554.31 fi 
Discharge 2150.00 R31s 

Haestad Melnous, lnc. 37 Bmokslde Road Waterbury, CT 06708 (203) 755-1666 

6 - 3 0  

F l r ~ M a s t e r  page 1 w4.l or 1 c 



WorXsh~et 
Worksheet f a r  Irregular Channel 

Project ~escription 
Proiect File c:\frnw\padell .fm2 
Vvorksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST 
Fiow Element Irregular Channel 
Method Manning's Formula 
Sohe For Water Elevation 

Input  ah 
Channel Slope 0.020000 ft'fi 
Elevation range: 1553.00 R to 1556.00 R. 

Station (R) Elevation (fl) Start Station End Station Roughness 
0.00 1556.00 0.00 701.00 0.015 

300.00 1 554 .OO 
400.00 1553.00 
540 -00 1 554.00 
700.00 1555.50 
701 -00 1556.00 -0.. 3 d g a  c;': 

Discharge 3050.00 R3fs Y 

Results 
Lzitd. llffannings Coefficient 0.015 
Water Surface Etevation 1554.49 ft 
Flow Area 267.80 ft2 
Wetted Perimeter 365.35 f t  
Top Width 365.34 R 
Depth 1.49 ft 
Critical Water Elev. 1555.05 ft 
Critical Slope 0.003252 ft/ft 
Velocity 11.39 ft/s 
Velocity Head 2.02 R - p @K Y r ? ~ 7  y C 3 y d e  
Specific Energy 1556.50 ft 
Froude Number 2.35 C-U/ s.- 3.04~, Gns 
Fun Flwv Capacity 20814.59 R3/s w r!r /n p 

cl -J+ 
F I ~ V  is supercritical. / 6 3 R ~  

A- 

FlowMaster v4 1 c 
Haestad Methods, Inc 37 Brookslde Road Waterbury, CTOWOB 803) 755-1666 Page 1 o f t  



Worksheet 

Worksheet for  lrregular Channel 

Project Description 
Project File c:\fmw\padell .fm2 
Worksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST 
Flow Element Irregular Channel 
Method Manning's Formula 
Solve For Water Elevation 

lnout Data 
Channel Slope 0.020000 ft/ft 
Elevation range: 1553.00 ft to 1556.00 ft. 

Station (ft) Elevation (ft) Start Station End Station Roughness 
0.00 1556.00 0.00 701 .OO 0.01 5 

300.00 1554.00 
400.00 1553.00 
540.00 1554.00 
700.00 1555.50 
701 .OO 1556.00 

Discharge 4050.00 PIS /-- 

Results 
Wtd. Mannings Coefficient 0.01 5 
Water Surface Elevation 1554.65 ft 
Flow Area 331.74 ft2. 
Wetted Perimeter 407.81 ft 
Top Width 407.79 ft 
Depth 1.65 ft 
Critical Water Elev. 1555.33 ft 
Critical Slope 0.0031 33 Wft 
Velocity 12.21 Ws 
Velocity Head 2.32 ft 
Specific Energy 1556.97 ft 
Froude Number 2.39 
Full Flow Capacity 20814.59 f f ls  
Flow is supercr'ical. 

Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1 666 

B -32 

FlowMaster v4.l c 
Page 1 of 1 
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A common method of selecting the roughness coefficient,  n, i s  to  
f i r s t  s e l e c t  a base value of n for  the bed material ( tab le  1). The base 
values of n are for  a s t raight  uniform channel of a given bed mater ial .  
Cross-section i r regular i t ies ,  channel a1 ignment, obstructions, vegetation, 
and other f a c t o r s  t h a t  increase  roughness a r e  accounted f o r  by adding 
increments of roughness to  the base value of n. Ranges of adjustments for 
the factors. that  may add t o  channel roughness are shown in table 2 .  

Many alluvial channels in Haricopa County have bed material that 
moves during floodflow. In addition to the changing channel geometry of 
these  channels,  the roughness c o e f f i c i e n t  may change during floodflow 
because of the changing form of the  channel bed in p a r t s  of the  channel' 
c ross  sec t ion  (Davidian, 1984). Bedforms, such as dunes, antidunes, and 
plane bed have been observed during large f loods.  Withir; a few minutes, 
dunes can appear, disappear, and reappear a t  different locations across a 
large stream channel. The Manning roughness c o e f f i c i e n t  can double or  
t r i p l e  when the bedfow changes from plane to  dunes. A method of defining 
rel iable  values of Manning's n for unstable alluvial channels i s  n o t  avail- 
ab le .  A plane bedform i s  common during large floods, and for th i s  report, 
plane-bed conditions are assumed where the roughness coefficient i s  re1 ated 
t o  the  s i z e  of the  channel material and n o t  the form of the channel bed. 
Pl ane-bed conditions were assumed for nearly a1 1 indi rec t  measurexents o f  
peak discharge where the slope-area method was used. 

Table 1.--Base values o f  Harming's n fdr stable channels 

[Modified from Aldridge and Garrett, 1973, table 11 

Base n values 

Size of bed material 
Benson and 
Dal rympl e Chow 

Channel material Mi 11 imeters Inches (1967) 1 (1959)2 

Concrete . .............. 
Rock cut.. ............ 
Firm soil  ............. 
Coarse sand ........... 

nb Fine gravel.. ......... 
Gravel.. ... ., ......... 
Coarse gravel.. ....... .............. Cobble.. ............. Boulder.. 

'Straight uniform channel. 
J 2Smoothest channel attainable in indicated material. 



Table  2. --Adjustment factors for t h e  determination of overall 
Nanning's n values 

[Modified from Chow, 19591 

Degree o f  i r regular i ty :  

m t h  0.M30 S l s o t h s t  C f i m l  attainable i n  given bcd ra te r ia l .  

Severe 

Chrnc ls  with s l i g h t l y  er& w scwred side slopes. 

Chsmcls with l l d e r a t e l y  sl- or e r a 5 4  s i&  s l g ~ s .  

.011- .OM & a w l s  with bedly slcu&cd W s ;  unshaped, japped, and 
i r r q u l a r  swfwa of c h r n c l s  i n  rock. 

Effects o f  &trirtin2: 

Wegi i g i b l e  

Severe 

J 
' 

See f w m t e s  a t  od of table. 

A feu s c a t t e d  d x t n r t i o r a ,  h i c h  i n c l L k  debris w i t s ,  
stumps, exposed roo ts ,  lw, piers, or isolated b i d e r s ,  
that c c c q  less than 5 p r c e n t  of the c r o s s - s e c t i m l  area. 

Obs t ruc t ions  o c c w  5 t o  15 prcmt of the cross-scct icml  
area d the s p c i r p  ktw o t h t n r t i m s  i s  such t h a t  t h e  
sphere o f  i n f  l u e ~ e  a r d  crr chtnrtim cbs rat utd 
t o  the *ere o f  i n f l u e n c e  around another  obs t ruc t ion .  
S a a l l e r  adjustments a r e  used f o r  curved smxth-wr fsced 
cbjects tha are used fo r  sharp-edged -tar cbjects. 

Obs t ruc t ions  occupy f rw 15 t o  50 percent of the cross- 
~ c t i c n a l  area or the space t r y -  o b s t r u c t i o n s  i s  smal l  
e n o u ~ h  t o  cause t h e  ef fects  of s e n r a l  o b s t u t i o n s  t o  be 
&itin, thereby blocking an equ iva len t  p a r t  o f  a cross 
section. 

Ux tmct io r r r  occupy more than 50  percen t  o f  the  c r o r s -  
s e c t i o n a l  area o r  t h e  qnce b e t e m  c&trcrtims i s  -ll 

t o  cause turkrlence across K O S ~  of the cross section. 

Dense growths o f  f l e x i b l e  twf grass, w h  as Berada, or 
w e d s  h e r e  the averege &pth of f lw  i s  a t  least two t imes 
t h e  h e i & r  of the vcgctation; s r ~ p l e  t ree s c e d l i w  guch as 
ui l lcu,  cottonwood, ar row weed, o r  s a i t c e d a r  where t h e  
average depth o f  f l u  i s  a t  Lcatt three times the hei&t  of 
the vegetaticn. 

Grass o r  weeds where tk average depth o f  f lw i s  f r ca  on 
t o  tw times the he i& t  of the vegetation; lrPderately dense 
s t e m y  grass, weeds, o r  t r e e  Kedliqs h e r e  the average 
Q p t h  of flar i s  frm tw to-three times the h e i g h t  o f  t h e  
wge:&ia4; &ra te - l ydmw &A, ririlrr ro I- ro 2-year- 
o l d  saltcedar i n  the &rnnt ream, a l m g  the berirs ad ro 
s i g n i f i c a n t  vegetat icn aim the charm1 bo t tam h e r e  the 
hydraulic radius exceedr 2 feet. 

Turf grars or wedr hut the werage &pth t o  f lw i s  abut 
eqal t o  the he i& t  of vepetatian; sma l l  t r e e s  i n t e r g r o u n  
with m a  wcdr ad h m h  rhtrt the hydraul ic rd iu e x c a b  
2 feet. 
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Consulting Engineers C O I C . B ~  dhS Date 
j Richmond, Cal i fornia  
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L - FEDERAL EMERGENCY MANAGEMENT AGENCY I O.M.B. Burden No. 3067-0148 
BRIDGOCULVERT kpires April 30, XX)1 

1 

PUBLIC BURDEN DlSCLOSURE NOTICE 
Wi reporting burden for ttris form is estimated to average 2 hwn per reyxxsa. The burden esbimate indudes the tine for revjewlng 
mstructions, searching e&ing data swrca. gathering and mainbhhg W needed data, and completing an3 reviewing ths form. 
m t s  regardig the accura=y of the burden estinate and any sllSgestians for reducing this burden to: In- cckibrs Managernenl 

503 C %e& S.W.. W~ngton,  Dc 20472; and to the OffiQ of Management and Bodgel Papawk - ~ - 0 1 * , ,  W a h m  Dc 20503. Reduction 
You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the 
upper tight comer of this form. 

r 

Community Name: 

Fbodng S a r ~  Ade /L/ d , G l ' 5 ~ A ~ Y  /4- 
ProiedN- 

FBM Fam 81-89F 

. . /' 

1. IDENTIFIER 

1. Name of structure (roahzy, railroad, etc): Aoor 5 d d 2 + 6 3  

2 Lcatbn of bk@&xh-t ;brig Wfrg source (ii terrns of stream d i m e  or ams-section .dentii5er): 

5 4 4  ~ d e  7 4  , "& 6 4 2 7 %  3 

3. This revision re* (ch& one of the folm~) 

$$~~~M+e~cha~mXrm5&edintheR~ 

0 Mifisd b@ekx!v& pzviously &lej n the FIS 

17 New a?atys% of !xif@&rt p~viousty m&M in the RS 

4. Hydraulic model u s d  to &-a?,% the s'mre (e.g., HEC2 with -d hi* roufine, WSPRO, HY8) 

If d%ferent than hyJzuk analysis for the kd.9 sour-, jusMy wtry ths hydraulic analysis usej for the floding scvJre WJM not 
analye the stntZure(s). (Mach justificahn) 

Justification attached Yes No 0 WA kJ 

, 

!3iChp'WmI F ~ r m  M-2Fam7- 1 d 2  

1 

I PLEASE REFER TO THE INSTRUCTIONS FOR THE APPROPRIATE MAILING ADDRESS I 



I Attach plans d the struchrre(s) cerWied by a registered profeskmd engineer. The plan detail and informstion shwM indude the 
fobwing (chedr the boxes if the infomation has been provided): I 

[j- Stream 1fn.e-t Elevations - Upsram an3 DorYnskarn 

- h k  

crasS&m Locations 

- -- 

FDAA Form 81-89F 
4 f3&@C&A F m  MT-2Form7-2012 

- ~ p ~ -  

3. SEDIMENT TRANSPORT CONSIDERATIONS 

If there is any Mcation from historical mxr& tM sediment t raqmt  (iric3uding scour an3 &psition) can aff& the 1- (base B x d )  
h&er%rface ekvakm; &a based on the ska.n geomorpclology, cover, &&qxrmt of the wate-dkd and bak cnditions, 3e-e 
is a pctenb'al for debis ad sediment traqcrl (&ding s ~ ~ e r  an3 d&sbon) to affect t% base flood elevafions, then ywkk the folbwing 
mbmztim (Check the box if provided): 

PO T , * ~  , q , ' g f c x n  f- Dyo5,'km 
~stirt-ekd sejirnent bad db  s e r i / e d  5 Xu,. Jv fe  AS- B/+ 

0 w us& b estimate sediz-et t a . ~  ;n /0/7/7/. ~ h ~ r e F b ~ @ )  d o  
o M use3 to estimate xxrs awa -tion / / ~ 0 1 9 7 1 #  Lmr  - Term Rgp,dQ&h 

d v  D e q r ~ d u A ~ ~ , -  
0 NRM us4  to revise hydra& or hyddcgic analysis (model) to account for sediment transport 

L 

I 







I - FEDERAL EMERGENCY MANAGEMENT AGENCY 1 0.M.B. Burden NO. 3067-0148 I 
BRIDGUCULVERT I Expires ~ p n i  30.2001 

I 

PUBLIC BURDEN DISCLOSURE NOTlCE 

I - W c  reporting burden for this fwm is & h t d  to average 2 ~KKUS per response. The burden estimate indudes the tine for rwiewing 
seardii etisbg dba swrca, @king and rnairba'sdng the needed data, and mnpleting and reviewing the fwm Send 

comments regarding the acarracy of the burden estinate and any sqges&m fw reduang this burden to: Informdm C c k t h s  Management 
Federd Emergency Management m, 500 C Sb-eef S.W.. 1- DC 20472; and to the ORiQ of Man- and Budgef Papnmk I 
Reduction Rojed (30674148). Washington. DC 2iSB. 
You are not required to respond to this collection of information unless a valid OMB Control Number is displayed in the 
upper right comer of this form. I 
Community Name: 

Pode16o~d U U S X  , 
7 

Roodmg Source: 2% Y b q  I 

-- 

r. N a m s ~ f a n n X l r e ( w ~ . m l w e h ) :  A 0 0 7 -  5A. k g 1  + 47 

3. This revision reReds (chedc one of ths fdW y): 

@ ~ n . w ~ n u t m e d i n t h e ~ ~  

0 W .  b r n h w t  previously r f deM n the FIS 

New analysis of bM@aivert pmicdy rix&M in tk RS 

4. Hydraulic model used to an* the sbucture (e.g., HEC2 WWI ma' 5-i@ mutine, WSPW, HY8) 

~ E C -  R R s  , l / r r  a. a 

If d i n t  than hyjnufc a m s  for the M n g  source, justify why t t ~  Syj.aulic analysis used for the flooding source crM not 
a n a l p  the strudure(s). (Mach juMcation) 

JustVication saausd 0 Yes a( No 0 HIA 

, 

A 

t PLEASE REFER TO THE INSTRUCTIONS FOR M E  APPROPRIATE MAILING ADDRESS 1 
FEMA Fam 8189F Br&@OhW Form M T - 2 F ~ r t 1 7 w  1012 



2. D R A W G  CHECKLIST - 

Attach pians of the s!mcUre(s) cerWied by a registered pmfessional engineer. The @an detall and information stmuid include the 
-ng (check the boxes if the lnfomatlon has been provided): 

mns Angle 

~owChordElwdSons-Upstreamadhstream 

( 7 ~ o p  of Road Ekmtions - Upstream ad DoliHnstream 

&&re Im Ekvatim - Upbean am' Downstrean 

~ l n v e ~ t D e M t i o n s - U p s b e a m a 7 d ~ ~ m  

r n e w A ? g k  

(lhs&&m Locations 

Distances Between Cms Sections 

Erosiol Pro,- 

-- - 

3. SEOiMENT TRANSPORT CONSIDERATIONS 
J 

tf tfiere is any b 7 d i c z h  from historical records tf;at sediment tranqxxt ( i id ing  scour ad dqcs%on) can afiect the 1-r (base Rood) 
hater-surface e l e ~ ~ b r ~ ;  based cxl the geomorpholq, m r ,  , of Ute waterrhed an3 tmk crdrtions, h r e  
is a pdentid h deiri, a.d redvnent t m m  [&*Jdirg sever ad=) to W z  f i d  elevaioa. then panje the folbmn~ 
mhn&m (Check the box if provided): 

%ma!& safi8%nt load 
No 5 ' c  

5 h g C  
Metho3 used to estimate sedimert tz-~prt TA-FIG~ JJO & P ~ Q F M ~ '  - 

0 M o d  us& to estimate xour deposition 7- 
e m  Alqr&dakm *,/ne rrda:it+, 

0 M o d  used to revise hydnurc or hyjrdogic analysis (m tr, account for Sedknt mwrt 

MT-2 Fam 7 Page 2 d 2 



Richmond, California 
San Jose, California F C D  " 9 9 - j ~  Chkd. Date 
Phoenix , Arirona 





- FEDERAL EMERGENCY MANAGEllEHT AGENCY I O.M.B. Burden No. 3067-0148 
BFUDGEICULVERT Expires April 30,2001 

PUBLIC BURDEN DISCLOSURE NOTICE 
WK: reporting hsden for this form is estirrated to average 2 burs per reyx#se. The burden estimate indodes the tine for rwiewing 
ndmdom, sxhirg edsting dba sources, ptMq and mint&@ Ue needed data, and completing and revkwkg the fomr Send 
comments regadug the amaacy of the burden estinate and any s m  for reducing this burden to: Infomaion Cdlections h4aMgement 
Federd tinergency Management &enq, 503 C St?&, S.W., wr@on, DC 20472; and to the ORce of Management and &r3get, Papewxk 
R e d m  (3057-(3148), W i  DC X5Ei 

I 

You are not required to rwpond to this colktion of information unless a valid OMB Control Number is displayed in the 
upper right comer of this form. 

I 

Community Name: 

~ i s o u r c e :  ?@ JelG- d 4904 0 
F'rtljed N- 

3. This revision re* (ckk a% of th Wo,+irc) 

~ f h v ~ ~ i r K t i x & d i n t h e F l ~  

0 WM br@eW& pfakx!y I??&& b the FIS 

0 f h v a . i a ~ o f ~ ~ p ~ ~ ~ ~ i n t h e R S  

1 4. W n u l i c  ridel u s 4  t3 an-+e W shZure (e.g, HECZ with g e ~ i  b&e routine, WSPRO, HYB) 

I ff d i n t  than hykaufrc analysis for tk  MI^ wrce, justify why th hy.jwulic analysis used fw the flooding source w& rd 
a n a m  the strubure(s). (Ma& jush35safbn) 

I PLEASE REFER TO THE INSTRUCTIONS FOR M E  APPROPRIATE MAILING ADDRESS 1 
FEMA F m  81-89F 

J - 



. # 6 7' 5& 6 44 +,2 9 Cdn 2. DRAWING CHECKLIST 

Attach plans of the sbucture(s) certified by a regbred pf8sslonal engineer. The plan detail and information shouM include 
Miowing (check the boxes if the lnfwmation has been provided): 

M, span, length) 

0 Stream In*? Eleva t i i  - Upsham and I)ownstmam 

Wskew Ayb 

0 cms-kthLocalions 

0 Distances Behem Cress Sedixs 

0 Eroshi F7rte2kx 

- 

3. SEDIMENT TRANSPORT CONSIDERATIONS 

ff there s any ~nd~abm from htstod recrds  Fat sed~ment transy)? (idujlng scour ad o%xs%n) can &d * l@yea  (base Rood) 
~at~+ur face elevab-s, Wa based on Me o_ewnwp%logy, cover, de-* oi Y-e watwate;shed a d  b k  cmdbons, th39 
is a pdmal for detns ad sediment Dam (ii-dLldlrg sewer an3 -on) to affed tk Dau ft& ekvatons, then proc?de the followmq 
rh-matm (Check the box rf provided): 

/l/o 5.17n,1C,fi~ a*i D ~ p s , ' # m  
EstrrndedseSmnt iced d b  s + v e d  , S ~ o = - i l * l r ~  As -&/x 14 

~ M e m Y L e j b s b m a i e w ~ r ; e n f a ~  7 7  ~ h e r e ~ o - e  o P//oA-~+ - An 7 - / e r ,  A 7 y ~ ~ c / f i  # m  0 k t f i od  use3 to &mate xnw ador depxttlon ge q r r d a X ' q  
Method us& to revise Waurc or hydrologic analysts (mS) to account for MLM hxpor t  

L 

FBAA F m  81 -89F 6- Form MT-2 Form 7 Page 2 d 2 
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Culvert DesignerlAnalyzer Report 
STA620+3!5 

wt==n ifPfelt 1,900.22 R Downstream IVert 1,899.13 R 

L m  110.00 ff Con&ucted Slope 0.009909 WR 

HydrauTi Protile 

Prafile S2 -a DomrStream 3.62 R 
Slope T y ~ e  steep N m D e p t f t  3.21 R 
F l o w R m  Supercritical CriticalDepth 4.59 R 
Vekcay Domstrearn 15.41 fUs critical Sbpe 0.003857 tYn 

Section 

Section shape 
Section Material 
Section Site 
Number Sections 

Box Mannings Coefficient 

Concrete Span 
7x6R Rise 

1 

Outlet Conbol HW Elev 
Ke 

1,908.02 R Upstream Velocjty Head 
0.40 EntanceLoss 

Inkt Contrd Properties 

Inlet Control HW Elev 1,907.68 R Flow Control Transition 

ink$ Type 45 wingwall flares - offset Area Full 42.0 R 
K 0.49700 HDS 5 Chart 13 
M 0.66700 HDS 5 Sm)e 1 
C 0.03020 Equation Forrn 2 
Y 0.83500 

Orojed T#(e: PADELFORD WASH FIS Projeat Engineer. GREG SCHUEW 
,l:-\c~n\sr74.cvm A-N WEST, m. cuhrert~astsr vl .O 

'bKEKSJ 08:48;46 PM Q Haestad Methods, lnc. 37 Brookside Roed Watsrbury, CT CB7OE USA (203) 726-1 688 Page 2cd2 



Culvert Designerfinalyzer Report 
STA620+35 

-*' 
Analysis Component 

Stom Event Design D i r g e  390.00 cfs 

Peak Discharge Method: User-SpedkI 

D e s i i  Discharge 390.00 cfs Check Discharge 400.00 cfs 

Tailwater properties: Trapezoidal Charmel 

slope 0.01M00 Wit Mannings CoefkMt 0.W 
Depth 3.08 ft Left Side Slope 5 H : V  
F3gM Side Slope 5 H:V  BottomWdth 6.00 R  

- 

T a i  conditions for W i n  Stoim. 

Discharge 390.00 cfs Bottom Ekvatbn 1,899.13 R 
Depth 3.08 R  velocity 5.93 Ws 

Name Description D i e  HWEkv Velocity 

C U M - 1  I - ~ x ~ R B o x  390.00 C ~ S  1,908.02 fi 15.41 Ws 
Weir Not Comidered NIA NIA NIA 

-)reject TiUe: PADELFORD WASH FIS Prow Engbreer: GREG SCHUELKE 
) \ h a ~ \ c v m \ s r 7 4 . m  A 4  WEST, iNC. CulvertMaster vl.O - 
09A35M) 08:48A6 PM Q Haestad Methods, lnc. 37 Brookside Road Waterbury, CT 05708 USA (2C13) 7561668 Page 1 of 2 





r ro j rcr  -. - - -.. . . .  W e  

Consunrng Eng~nwn- talc. er 6 f l G  @ale 

Richmond, California 
San Jcsr, California ?=cD M& 99-12. Chkd. Data 

Ph~en!x ,  Arixcno 



Cuhrert Desi~nerhaiyrsr Report 
STACi40+20 

f ;  'l,aty& c-m- 
storm Event Deskln Dlscherge 45o.m C ~ S  

Peak W c b r g e  Methad: Oser4pedkd 

D e s i g n 0 . m  450.00 ds CheckDischarge 500.00 cfs 

TE&W&S properties: T rapemidal Channel 

0.025000 rtnt Mannings CoefkMt %Pe 0.037 
Depth 2.77 ft Left S i  Slope 4 n:v 
R@t S i  Slope 5 H: V Bottom W i  6.00 R 

T a h a &  canditians for Design Storm. 

Dixharge 450.00 cfs Bottom EteMtiwr 1,872.30 ft 

Name k u @ t k m  Drscharge HWEkv Velody 

C ~ t b ~ t - 1  1 8 ~ 5 f t B a x  450.00 C ~ S  1,885.13 ft 18.19 ftfs 
Wek Not Considkred N/A N/A N/A 

-rojed T i :  PADELFORD WASH FfS Projed Enginesr: GREG SCHUELKE 
~besh&ml~u64ZO.cnn A Y  WEST Cu)vertMastar v1.Q 

09lO6KO 1295:4Q PM O Hae&ad hiiuxie, lnc, 37 Brookside Road Waterbury, CT USA (203) 756-1 686 Page 1 of 2 



Culvert DesignsrlAnalyzer Report 
S T A M 0  

cuhrertsummary 

Compukdlie&v&f~tkn 1,885.13 R Discharge 450.00 ds 
tnktcontrd HW Uev 1,885.13 R TaiJwater E l e m  1,875.07 R 
Outlct C-ontrd HW E k V  1,884.10 R C W  Type Ink3 Control 
H-DepWHW 2.19 

Grades 

1,874.20 R Downstream In- 
127.00 R C o n s t r u c t e d ~  

-- --. 

Pro* S2 Depth, -m 4.12 A 

Stope Type s e e p  Normal Depth 3.57 R 
FtowRegitne Supercriticat Critical oepth 5.00 R 
~eiodty mmstrearn 18.19 1Vs Critical Stope 0.009704 Rm 

Section 

S W s h a p e  Box Mannings Cc&cknt 0.01 2 
SectionMaEerial Concrete Span 6.00 R 
Section Size 6x5 f t  Rise 5.00 R 

""3utlet contrd Properties 

O W  Control HW Uev 1,884.1 0 ft Upstream Velocity Head 3.50 R 
Ke 0.40 Entrance Loss 1.40 R 

Inlet Control Propertieh 

Inlet Cmtrd HW Ekv 1,885.13 ft Flow Control Submerged 
tnfet Type 45 ' wingwaR flves - offset Area Full 
K 0.49XX) HDS 5 Chart 
M 0.66700 HDS 5 SEak 
C 0.03020 Equation Form 
Y 0.83500 

?rojed Title: PADELFORD WASH FIS Project Engbeac GREG SCHVELKE 
t m e s M W m ~ . m  A 4  WEST - v1.0 

LGAEdM ?205:48 PM 0 Haestad Methods, lm. 37 Brookside Road Waterbury, CT 0670B USA (2133) 755-1668 PageZofZ 



Rating TabJe Report 
STA64[)+20 

%j& Titte: PADELFORD WASH FtS Projed Engmeer: GREG SCHVELKE 
i b e s w k m ~ . c ~ n  A U  WEST C~ertMaster v1.0 

c)9m2uO 12.95:lOFW O Haestad Mdhds, lnc. 37 Brookside Road Watduty, CT 0670B USA (%3) 755-1668 Page 1 of 1 

(0) t w o  

1,872.!30 
1,876.40 
1,877.- 
1,878.77 
1,879.74 
1,880.62 
1,881.45 
1,88224 
1,883.07 
1,8&4.10 
1,885.24 

7 
D ' m  (6) 

0.00 
50.00 

100.00 
150.00 
200.00 
250.00 
300.00 
350.00 
400.00 
450.00 
500.00 

HW Ekv( f t )  (I) 

1,872.30 
1,878.40 
1,877.69 
1.878.77 

1,872.30 
1,87624 
1,877.44 
1,878.45 

1,879.74 
1,880.62 
1,881.45 
1.882.45 
1,883.71 
1,885.13 
1,886.73 

1,879.35 
1,880.30 
1.881.36 
I ,882.45 
1,883.71 
1.885.13 
7 -886.73 





pro jtct ' - U - * 3 n 1 .  OT 

Consulttng Englnun_ cat< e y  GAS 000 9/6/& 
Richmond, Califotnia 
San Jorn, California FeD /l/o. 79-12 Chkd. Date 
Phcen!x, Arizona 

/?I 

r--- :- - ---- 
~ ~ e i d ( 1 ~  /A\ 6'I--- -- - 21 /6j' d --76T (31 * ?Tjd-----6) 1 

.r-u -- . ----A- 
05) 1 
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I f 

RS R e c o r d  1- SAi-a9g :/;)0~4thJ i 
: R S  I .  SDZ! o i i' ,-----I -- -1  ---- - I I 
* S V  ~ k c o r d -  K e s e r u o i ' r  sh.lnge j j 
S V  0~644 0~425 1.622 42% 
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Peak Dischame Method: User-Spedfied 

rn- 2,800.00 cfs CheckOkcharge 3,400.00 cfs 

TaWAerwooertiea: TmemkJalChahnel 

Deplh 4.82 8 L& S i  Skpe 3 H:V 
R i  Side Slope 3 H:V Boftom Width 30.00 R 

- - 

T a i M  canditii f6r Design Stam. 

bixharOe 2,800.00 cfs Bdtom Ekvathn 1,871.67 R 
Depth 4.82 f i  V W i  13.81 ftk 

Name L ) w  H W U w  velocay 

Cufvert-I 3-10~8RBox 2,800.00 C ~ S  1,883.93 h 19.1 3 ~ V S  
Weir Not Conoidered NIA M A  NtA 

'--Title: PADELFORD WASH FtS Pruject E n g i  G R ~ O  SCHUEW 
~ m ~ t M b m b m . c ~ n  A d  WEST Cutveth4aster v1 .O 

cXMXU3 Ol:12-%PM O Haestad hk&oda, tnc. 37 Brodcslde Road Watcrbwy, CT OB708 USA (203) 756-1666 Pegelof2 



Culwrt DeslgnwlAnalyzer Report 
STA 642+63 

Cufvert-m 

Cwnputed Headwater E t e m  1,883.93 n Discharge 2,800.tX) cfs 
Inlet Conbol HW E h  1,883.65 R Tailwater E i e m  1,876.49 R 
O ~ C a n b o l H W E l e v  1,883.93 R CQnhI TyRe Entrance Control 
Headwater Depthl Height 1.37 

Upstream Invert 1.872.93 R - Invert 1,871.67 lt 

L@rtam 70.00 R Consbuctsd slope 0.018000 IVR 

H W  P m  

Pfofife $2 Ikpth, Dcnw&mm 4.88 R 
Slope Type SPeep N ~ I  Deptf~ 3.48 ft 
Flow Regime S u p e m M  Critical Depth 6.47 R 
Velocity Downstrewn 19.13 1Vs cfitid Slope 0.903407 Wrt 

Section 

Section Shape Box Mannings Coefficient 0.01 2 
Section Material C m  %ah 10.00 ft 
-on Sue 10 x 8 R Rise 8.09 R 
Number Sections 3 

-- qutlet ~dntrd properties 

OuM Cantrot HW Elev 1.883.93 R Upstream Veloc#y Head 3.23 R 
Ke 0.40 Entram Loss 1.29 R 

Inlet Cwrhpl HW Etev 7,883.05 R Flow Conbol 
Inlet Type 45 wingwa! flares - oiTset Area FUn 
K 0.49700 HDS S Chart 
M 0.66706 HDS 5 Scak 

Submerged 
240.0 ft= 
13 

1 

'rojec! T i :  PADWORD WASH FIS Project Enginear: GREG S C H M W  
he--.ovm A44 WEST C m e t  vl.0 

OWXKD 01:12:54 PM @ Haeatad Methods, lnc. 37 Brookside Road Wat-, CT OglDB USA (203) 753-1666 Page 2 of 2 



Rating Table Report 
STA.642+63 

fwject T i  PADELFORD WASH FIS Pm&d EngWec GREG SCHUELKE 
rh--.c~n A l  WEST CulvectMaster v1 .O 

09106XX) 01:1226PM Ig t i a d d  Nlsasods, tno. 37 Brookside Road Webhwy, CT 06708 USA (203) f55.1666 Page I d 1 
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Culvert Desf gnerlAnalyzet Report 
STA65429 

-Summary 

GmplAed-Ekvadion 1,671.89 it Diarge  5,500.00 cfs 
l n l e t ~ H W E k v  1,871.65 R T a i W  Uevatkn 1,862.99 it 
OutktConttdMNUev 1,871.89 ft Conbol Type E ~ C o n t r o f  
t-kamaW Depthl Height 1.42 

uF@=nm 1,857.65 f l  Downstresm In- 1,856.42 ff 

L m  102.56 it ConstnxXed Slope 0.01XXX) WR 

Hydralmc Pmms 

p m  52 Depth, Downstream 6.73 it 

SWe Type Steep Normal Depth 5.37 fl 
Row Regime Supercritii Critical Depth 8.38 R 
Veiocay Downstream 20.43 fVs CriliCgt Stope 0 . m 7  NR 

Section 

-Shape 
Section Material 
Section ssre 
NwnberSect ions 

Box Mannhgs Oxffi&& 

concrete Span 
l O x l O f t  Rise 

4 

Outlet Contrd HW Elev 
Ke 

1,871.89 R Upstream Vekx3ty Head 
0.40 Entrance Loss 

Inlet Confrd Properties 

lnle4 Contrd HW Elw 1,871.05 R Flow Control 
Inlet Type 45 * win@& tlares - offset Area Futl 
K 0.49700 HDS 5 Chart 

M 0.66700 HDS 5 Scak 
C 0.030M Equation Form 
Y 0.83500 

Submerged 
400.0 fP 

13 
1 
2 

T i :  PADELFORD WASI-I FIS Project Engineer: GREO S C H U E M  
ha&aummk6mZ€i.m A 4  WEST Cu)vertMaster vl .O 

rBX)Bi130 01 :18:36 PM 9 Hadad Methods, lnc. 37 0rooksii Road Waterbury, CT 0033 USA (205) 7551 668 P a g e Z d 2  



Culvert DesfgnerlAnalyrer Report 

Storm Event Design D i i r g e  5,500.00 cff 

Peak D i m e  MeMod: User-SpeciRed 

Design Discharge 5,500.00 efs C h e c k D i r g e  6,000.00 cfS 

Depth 8.57 R Lett $kle Slope 2 H:V 
R'th! Side Slope 2 H:V BoltomWm 40.00 it 

Taihvater COmntim for Daign S t m .  

Digs 5,500.00 ds Bottom EieMtion 1,856.42 R 
D.Wl 6.57 ft vw 15.76 fVs 

Weir Not Cornidwed NIA N/A N/A 

*I-@& TRIO: PADELFORD WASH FIS Projeot Engineer: GREG SCHUELKE 
h a & a d b m ~ . m  A-U WEST CutvertMastff vl.0 

'. CWYXl3 01:18:36 PM Q Haestad Methods. lm, 37 Brookside Road Waterbory, CT 06703 USA (2CX)) B1666 Pegelof2 



Rating Table Report 
STA 65429 

;)mix! O a k  

Minimum Madmum I m m t  
D i r g e  0.00 5,500.00 500.00 cfs 

Title: PADELFORD WASH FIS Project E n g ' m  GREG SCHUELKE 
hxebdhmLr64MO.cvm AW WEST C u ~ s t a  vl D 

&mAxl 01:a03PM Q H a e s b d  Me&ds, lnc. 37 Brookside Road Waterby, CT 067W USA (203) 755-1666 Page 1 d 1 

D i r g e  (cfs) 

0.00 
5o0.00 

1,000.00 
1,500.00 
2,OOO.aO 
2,500.00 
3,000.00 
3.500.00 
4,000.00 
4,500.00 
5,000.00 
5,500.00 

HW Ekv Q 

1,856.42 
1,8~0.~3 

1,86222 
1,863.64 
1,864.90 
1,866.07 
1,0S7.16. 
1,868-1 8 
1,869.17 
1,870.t 1 
1.871 .O1 
1,871.89 

(I) 

1,856.42 
1 , ~ . 3 3  

1,861.90 
1,863.22 
1,864.40 
1.865.48 
1,866.49 
1,867.45 
1,868.36 
1,869.30 
1,870.62 
1,871.65 

(0) t w o  

1,856.42 
l.tjeu.53 
t,862.22 
1,863.64 
1,864.90 
1,866.07 
1,867.16 
1,868.1 8 
1.869.1 7 
1,870.1 1 
1,871.01 
1,871.89 





Richmond, Calilornio 
Son Jcsr, California FC.0 /uo 97 -42. Chkd. Dotr 



Cufvert DesignerlAnalyzer Report 
STA#P+f 0 

-7 - 

cuhrenswnmary 

ComptkdHeedwaterEIeMtion 1,869.06 R m=mP 900.00 cfs 
inlet Cantrd HW Elev 1,889.06 R TailweterEkvabI 1,857.66 it 
~ u ~ ~ o n t r d ~ w ~ w  1.868.49 tt ccmkol Type Inlet Contrd 
Headwater DepW H a  2.51 

Upstream ~~ 1,856.50 R l x w m h ~ l  I& 1,856.12 ft 
L- 110.50 ft Constructed skpe 0.003439 ftm 

Prome Pressure Depth, - 5.00 fi 
slope Ty~e WA -Depth NIA ft 
Fiow Regime N/A Critical Depth 5.011 R 
V e W  Downstreem 16.67 Ws Critical SIope 0.01 1980 tvn 

Section 

Section Shape 
Section Matwial 
Sectioo Size 
Number Sections 

Box Mannings Caefficient 
Concrete SPan 

6 x 5 R  Rise 
1 

1~ C b t d  Properties 

'OUWGXIWHWE~V 1,868.49 R Upstream VeIdty Head 4.32 A 
Ke 0.40 Entrance Loss 1.73 ft 

Ink9 Control Properties 

lnkt Contrd HW Ekv 1,889.06 U Flow Contrd 
Inkt Type 45'wingwa8flare~-offset Area Full 
K 0.49700 HDS 5 Chart 
M 0.66700 HDS 5 Scale 
C 0.03320 Equation Form 
Y 0.83500 

submerged 
30.0 n' 
13 

1 
2 

' r w  T i  PADELFORD WASH FIS P ~ o W  Ehgineer: GREG SCHUEUCE 
~ k r 0 4 3 2 u . m  A 4  WEST '2uktwdar v1 .O 

C€KhXO 0128:lf PM a Hscstad Methods. lm 37 Brookside Road Waterbury. CT D670B USA (203) 755-1666 PagoZof2 



Culvert DeslgnerlAnalyrer Report 

" M C O r n p Q n e n a  

Stam Event Design ., 0- 500.00 efs 

Peak Disdrarge Method: Usef-spedfied 

Oesign DischarOe 500.00 cfs Check Dkchargc 35V.00 dS 

Taikzaterproperties: TraperoidalChannel 

s w  0.018000 Rm Mannings Coeffident 0.038 

Depm 1.54 R Len Side Slope 3 H:V 
R i  Side Sbpe 3 H : V  BoUomWidttl 45.W ft 

Taawatarconditionsfor Designam. 

D w  560.00 cfr Bottom Elemtion 1,856.12 ft 
Depth 1.54 8 Velocity 8.55 ttk 

Name Descri@on Discharge HW Elev Vebdy 

C W - 1  1 - 6 ~ S f t B o ~  500.00 C ~ S  1,869.06 R 16.67 fth 

Weir Not Considered N/A NfA N/A 

'wed T*: PADELFORD WASH FlS P r W  Enginser: GREG SCHUELKE 

-, heshubm-m A-X WEST C- v7 D 
i3CMBXI 01:28:11 PM B Haestsd Methods, lnc. 37 Brookdde Road Watsrbury. CT 067(;B USA (203) 755-1668 Page1 of2 



Rating Table Report 
STA662+70 

r~~ 
M i  M- Increment 

D m  0.00 500.00 50.00 ds 

"roject T i  PADELFORD WASH FtS Projeot Enginssr: GREG SCHUf5l.KE 
.~ad'#mbr64c%?O.ovm A 4  WEST C u W a s t w  v1 .O 

CQlXCO 01 :29:5b PM Q Hosstad Methods, lnc. 37 Brookside Roed Waterbury, CT 06705 USA (2113) 755.1666 Page1 of1 

* 
Ois;herge (cfs) 

0.00 
50.01, 

100.bO 
150.00 
200.00 
250.00 
3b0.00 
350.03 
400.00 
450.00 
500.00 

(I) MI 

1,856.12 
t ,858.54 
1,859.74 
1,860.75 
1,861.65 
1,862.62 
1,863.69 
1,864.78 
1,868.04 
1,067.46 
1,869.08 

HW Elev (R) 

1,856.12 
1,858.70 
1,859.39 
1,861 -06 
1,862.00 
1,862.86 
1,863.a 
1,884.78 
1,866.04 
1,867.46 
1,869.m 

(0) mvo 
1,856.12 
1,858.70 

1,859.99 
1,861.06 
1,862.00 
1,862.86 
1,863.67 
1.864.66 
1,855.84 
1,867.09 
1,868.49 





FM h m X N C  
r ro jec l  r r - v - I I W ~  

Consulling Eng~nccn- / I F  WQ 511 COIC e y  DOC ~/660 
Richmond, California 
Son Jose, California F c D  J!o .  79-/2 ~ h k d .  Da?e 

Phoenlx , ' Arizona 



Cuhrert Designer/Anatyzer Report 
STA68147 

Computed Headwater Elevation 1.849.83 R =We 3,500.00 cfs 
Inlet Control HW Elev 
Outkt Control HW Ekv 

Glades 

Upsb-eam Invert 1,837.07 R Downstream invert 1,835.88 R 

Hyclmk Profile 

Profile 52 Depth, Dowmtrean 6.08 R 
slope TYW Steep Depth 5.11 R 
Flow Regime Superwitical Critical Depth 7.51 R 
Velocny Dawnstream 1924 Ws Critical Slope 0.003639 m 

-- 

Section 

Section Shape Box Mannings Coefficient 0.012 

s€&on Size 

NumberSections 
10xlOtt Rise 

3 

- 

"- Q W  Control Properties 
i 

O M  W d  HW Elev 1,849.83 fl Upstream Velocity Head 3.75 ff 
Ke 0.40 Entrance Loss 1.50 R 

- ~ - ~ - ~  ---- 

inlet Control Properties 

inlet Control HW Elev 1,849.16 R Flow Control Transition 
TYW 4 5 ' w m g w a U ~ r ~ - o f f s e t  Area Full 300.0 fP 

K 0.4.9700 HDS 5 Chart 13 
M 0.66700 HDS 5 Scak I 
C 0.03MO Equation Form 2 
Y 0.Emo 

9rojec4 T i :  PAOELFORD WASH FtS Projeu! Engineer: GREG SCHUELKE 
--.cnn A 4  WEST CulvertMastsr vt.0 

OCbQWCJ 01 :35:24 PM 0 Ha- Methods, lno. 37 Brookside Road Waterbury, CT 06700 USA (203) 7 5 8 1  666 Page 2 of 2 



Culvert DesignerlAnafyz@r Report 
StA68147 

S t m  Event Desian D i m e  3,500.00 cfs 

Peak D i  Method: Usw-SpeciW 

m- 3.500.00 cfs Check D i  3,500.00 ch 

s m  
Depth 
R W  Side Slow 

0.012000 Rm Mannings Coefficient 
5.63 tt Left Side Skpe 

3 H : V  BottomWkitt~ 

Discharge 3,500.00 cfs Bottom Ekvatirm 1,835.86 ft 

Depth 5.63 ft Velocity 11.98 ttls 

Name D i i  HW Elev velocity 

C W - 1  310~10RBo~ 3,500.06 cfs 1,849.83 ft 19.24 f t l ~  
Weir Not Considered M A  NIA NIA 

'-ojectT&% PADELFORD WASH FIS P@ed E m  GREG SCHUELKE 
-.nnn A 4  WEST Cu)vertMastaf vl  .O 

"' c B 0 M I O  M 3324 PM Q Haestad l d k h d 8 .  lnc. 37 Brookside Road W a k h ~ r y .  CT 0670B USA (9 7561 668 Page 1 of 2 



Rating Table Report 
STA68147 

/ . 'ange Data: 

Minimum MBrimum Increment 

'rojed T i  PADELFORD WASH FIS Project E n g i i  GREG SCHUELKE 
, t t E m d b m L ~ . c ~ n  A-N WEST C-ster vl -0 

L.- 01.3791 PM Q Haastad MethodP. h. 37 Brookside Road Waterbury, CT 0676B USA (203) 7561666 Pageloft 

i 

D i ( c f 6 )  

0.00 
250.00 
500.00 
750.00 

t ,mO.OO 

1250.00 
1,500.00 
1 ,750.00 
2000.00 
2250.00 
2500.00 
2750.00 
3,000.00 
3233.00 

3,500.00 

(0) HWo 

1,835.86 
1,839.27 
1,840.56 
1,841.64 
1,84261 
1,843.49 
1.844.32 
1 ,&.I 1 

1,845.86 
1,846.58 
1,847.27 
1,847.94 
1,848.59 
1.849.22 
1,849.83 

HW Eler(ft) (I) HWi 

1,835.86 
1,839.27 
1,840.56 
f ,841.64 
1,842.61 
1,843.49 

7,861.32 
1,845.1 1 

1,845.86 
1,846.58 
1,847.27 
1,847.94 
1,848.59 
1,849.22 
1,849.83 

1,835.86 
1,839.1 1 
1,840.31 
1,841.32 
1,842.22 

1,843.04 
1,843.82 
1,844.55 
1,845.24 
1,845.91 
1 v . 5 6  
1,847.1 8 
1,847.7 8 
1,848.37 
1,849.16 
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