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INTRODUCTION AND MASTER TABLE OF CONTENTS

INTRODUCTION

A-N West was contracted by the Flood Control District of Maricopa County (FCDMC) to obtain
detailed mapping, prepare hydrology and perform the hydraulic analysis for the 100-vear storm
floodplain delineation of Padelford Wash between State Route 74 and Central Arizona Canal.

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

T.D.N. Volume 1 of 4 Base Technical Data Notebook with correspondence, Scope of Work, Survey
Notes Draft F.I.S. Report.

T.D.N. Volume 2 of 4 — Hydrology 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 input/output and Draft 200 Scale Work Maps.

T.D.N. Volume 4 of 4 — Field Reconnaissance with Photos of the structures and (IN) Value
Estimations, As-Built Plans etc. and Hydraulic Parameter Estimation Summary.
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FIELD RECONNAISSANCE & 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 imvolve:

Padelford Wash — from CAP Canal to S.E. corner

Section 31. TON, R1W i 5.1 Miles
Tributory ‘A’; to Padelford Wash — from Confluence
T0 S R T4 e 19 Miles
Tributory ‘B°, to Padelford Wash — from Confluence
T0 S R 74 e 0.8 Miles
Tributory ‘C’, to Padelford Wash — from Confluence
T0 S R, 7 i e 1.2 Miles
Split No. 1 — from Padelford 10 CAP  smsesssiorssssummnnens sesswsmas 2.1 Miles
Split No. 2 — from Padelford to CAP  ........cccoiviiniiienen........2.1 Miles
Split No. 3 — from Padelford 1o CAP  ..coscvinsivissssumamsississansmme 2.1 Miles
Split No. 4 — from Split No. 3to CAP ... 0.8 Miles
Total.......... 16.1 Miles

Job No. 7158-07 Padelford Wash Field Reconnaissance Flood Control Dist. Maricopa County Page -



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 facility, 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 from 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 shown on Table 1 are the calculated
capacity at ponding high-water elevation of 1553.0, or approximately 3.5 feet from the top of
levee 0of 1556.6 +.

TABLE 1
CAP OVERCHUTE SUMMARY
Exhibit 1 L.D. CAP Sta. Size CAP Design Study Capacity
No. 100yr — 6 hour at H. W. Eli
Outflow (cfs) 1553.0 (cfs)
1 240 + 00 1 — 72" Dia. 435 399.0
2. 253 + 00 1 —72” Dia. 435 406.4
3 272 + 35 3 —72" Dia. 1,305 1282.4
4 279 + 00 1 —72" Dia. 435 433.6
5 298 + 70 1 —72" Dia. 435 436.0
6 315+00 3 —72” Dia. 1,305 1315.1

b.) State Route 74

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

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

In order to model the storage — routing impact of the more significant 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
significant enough to warrant identifying and modeling sub-areas. Also, one 42” culvert was not
modeled as it intercepted only a small portion of a sub-area, which was routed through an
adjacent larger structure, again to simplify the modeling.
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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 — 1
concentration point and pipe / culvert size.

TABLE 2
SUMMARY OF S.R. 74 CULVERTS OVER 42” + DIA.

Exhibit L.D. ADOT Sta. HEC -1 INFLOW PIPE SIZE
L.D.

A 620 + 35 SB 36 6’x7 RCB
B 640 + 20 SB 38 6’x5 RCB
C 642 + 63 SB 34 3-10°x8 RCB’S
D 654 +29 CO 31 4-10’x 10’ RCB’S
E 662 + 70 SB 32 6’ x5 RCB
F 681 + 47 CO 63 3-10°x10° RCB’S
G 683 + 63 CO61 2-12’x 10’ RCB’S
H 691 + 30 SB 64 10’ x 6’ RCB
I 692 + 55 SB 64 6’x5 RCB
J 709 + 40 SB 68 2-8x6’RCB’S
K 713 +70 SB 70 42” RCP
Ik 717 + 26 SB 70 54” RCP
M 720 + 55 SB 72 8’ x5 RCB
N 734 + 07 SB 76 2-10"x 8 RCB’S
O 782 + 95 SB 92 60” RCP
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443 MANNING’S ‘N’ VALUE ESTIMATION

Manning’s ‘n’ values were estimated using two references. The first document, “Estimated
Manning’s Roughness Coefficients for Stream Channels and Floodplains in Maricopa County,
Arizona”, 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 was “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 photographs were taken. The photos are included in this report and are
referenced with orientation of photo, estimated ‘n’ values and location by geographical proximity
to landmarks such as CAP Canal. State Route 74, Section Lines, or Confluences 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 from 0.037 to 0.040. The wash beds were
generally a sand gravel material, without significant obstruction (rocks, trees). The bank generally
involved heavy 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 significant
trees brush and changing land forms.

Job No. 7158-07 Padelford Wash Field Reconnaissance Flood Control Dist. Maricopa County Page - 9



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 shown in Appendix ‘A’.

In response the attached design / as-built plans and specifications were received. The Central
Arizona Water Conservation District (CAWCD) was 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, Civil Engineering Division Supervisor 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
was in adequate condition.

Job No. 7158-07 Padelford Wash Field Reconnaissance Flood Control Dist. Maricopa County Page - 10



4.4.5 OBSERVATION OF POSSIBLE OVERFLOW AREAS

Several significant flow splits occur from the main Padelford wash, several hundred feet north of
the Dove Valley Road alignment.

Three of these, which 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 split, identified as Split 4, branches off from Split 3 near White Wing 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 may be appropriately
defined as a shallow flooding zone “AQO”, which will be further evaluated as detailed hydraulic
analysis progresses.

At the westerly edge of the watershed approximately 2,200 feet west of 163 Avenue 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. 1549. The flow breaking out to the west could
continue flowing westerly to several other CAP overchutes. These westerly overchutes are
receiving runoff from a significant additional watershed. It would therefore not be easy to assess
backwater effects 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 significant breakouts will result in a
conservative or possibly higher ponding elevation.
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'a Central Arizona Project

23636 NORTH 7TH STREET ,
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{J Copy of letter O Change order O
COPIES | DRAWING NO. DESCRIPTION
1 ! 344-330-1305 Granite Reef Aqueduct, Location Map
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Engineering Manager

FORM FPM 500 (R 9/95)
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3 | 272+35{3-72° DIA. PIPC OVERCHUTES 1305 » £-26-08 | ADOLD OWOSS DAAIRSST FTASCTURES CRAAT. -
430~
4 | 279+00| 1-72- oA, PrvE veRcinTE 433 “ i T g
G | 298+70]1-72" D PiPE OVEREHUTE 435 - A
G |0z ou pire overoe 1305 - Q BUBKVS TRIAK SA'FETYJ
- UNITED STATES
342+40 72" DIA. CULVERT e | 53 | 2% - R T T
AECLAMATION
376+60| 480U 64" DIA CULVERT | 2360 | 56 | 1395 . T Lt i
Fg e S ih T == TR T = GRANITE REEF DIVISION ~ ARIZONA
PTORTY: 30" DA CULVERT 3 7 77 ” GRANITE REEF AQUEDUCT
16N REACH 9
1‘, aN 430+90 30 DIA. CULVERT 130 7 4 - LOCATION MAP
492430] 458L-,2" LA CULVERY | B30 | @2 | s i oustones SN . 8 Hibowrer. ouomsrr raon & 2R .|
538+25 30% DIA. CULVERT 135 4 “ . orans__ BAG e ——Agcoumevogo rhad
549+00, 30" DIA. CULVERT ns ) 3 44 . cneonen T Rutiboe 3L armpoves, st
58+¢0] 72" DIA CULVERT w0 | 18 | 6 . FroTNE, amcowa — scrTEnesh. 1973 [ 34 4-330-1308

A-2



INPUT DATA FOR FLOOD ROUTING
HAYDEN-RHODES AQUEDUCT REACH 9

STATION STRUCT. SIZE

52+80

85+70

119+70
159+50
190+60
216480
240+00
253+00
272+35
279400
298+70
315+00

342+40

376+80

433+85

459+30

480+90

492+30

538+25

TYPE

oC
ocC
oC
oC
oC
oC
oC
oC
oC
oC
oC
0]6]

Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe
Pipe

Culvert

Culvert

Culvert

Culvert

Culvert

Culvert

Culvert

72"
72"
72"
72"
72"
(i
72"
72¢
3-72"
727
72"
3-72"

72"

Y34
3 "'2"

72'1

30"

30'!

472"

30"

INVERT
ELEV.

1540.97
1540.71
1542.42
1540.11
1540.27
1540.08
1540.38
1540.30
1539.16
1538.10
1538.95
1538.82

1516.18

1510.00

1512.50

1519.50

1515.83

1500.00

1519.60

CREST
ELEV.

1556.0

18372

1536.9

1536.9

1536.3

1536.1

1536.1

1585:7

A-3

STORAGE CAPACITY DATA

ELEV. AC.FT
1548 0
1550 141
1552 519
1554 1131
1556 1927
1558 2851
1516 0
1520 2.1
1524 11.7
1528 45.8
1532 136.8
1510 0
1518 5.25
1526 33.9
1533 104.9
1516 0
1524 2.2
1532 20,2
1518 0
1522 0.4
1526 1.8
1230 6.3
1516 0
1520 0.8
1524 3.8
1528 14.3
1500 0
1508 7.3
1516 43.5
1520 0
1528 0.6
1536 14.0

ELEV,

1549
1551
1553
1555
1557

1518
1522
1526
1530

1514
1622
1530

1520
1528
1534

1520
1524
1528
1532

1618
1522
1526
1530

1504
1512
1520

1524
1532

AC.FT.

41
301
796
1513
2373



INPUT DATA FOR FLOOD ROUTING Page 1 of 2
HAYDEN-RHODES AQUEDUCT REACH 9

STATION STRUCT. SIZE INVERT CREST STORAGE CAPACITY DATA
TYPE ELEV. ELEV. ELEV. AC.FT ELEV. AC.FT.
549+00 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
561440 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

AUD
46112 —1-7Z bIA. PIPE OUERCHWTE

}%O"}'_SO — v L b

A-4



> " 36+12
-52+80
85+70
119470
159+50
180450
190+60
216+80
240+00
253+00
272+35
279+00
298+70
315+00

342+40
376+80
433+85
459+30
480+90
492+30
538+25
549+00

561+40

Sq.Mi.

79.5

0.33

13.04

1.07

INPUT DATA FOR UNIT HYGROGRAPHS

hyden—rhodes ._/KXHEJJZP_—‘REACH 9

STATION AREA GRAPH CHANNEL CENTROiD. SIOPE CURVE
SCS/PV Miles Miles

ft/mi.

No.

DETENTION DIKE FORM STATION 10+00 TO 323+50

PV

SCS

SCS

SCS

SCS

SCS

SCS

SCs

SCS

SCs

16.7

1.12

4.02

0.92

0.47

1.28

4.26

0.43

0.78

1.52

6‘5

0.49

1.75

0.43

0.34

1.46

0.18

0.40

0.69

79.6

141
113
228
587
308
83.5
1440
664

493

78

96

96

e

71

90

98

82

73

PRECIPITATION
100-yr 50-yr
3.15 2.85
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3.11
3.44 3:11

-

3-hr
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~ H'” WESTnc. January 19, 2000

Consulting Engineers

Mr. Richard Dent
Bureau of Reclamation
Arizona Projects Office
23636 North 7™ Street
Phoenix, AZ 85024

Re:  Padelford Wash Floodplain Delineation Study at
Central Anizona Project Canal
FCDMC No. 99-12
A-N West No. 7158-07

Dear Mr. Dent

A-N West has been contracted by the Flood Control District of Mancopa County (FCDMC) to
perform a 100-year floodplain delineation study of the Padelford Wash (See Location 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 detailed floodplain study will be submitted to FEMA, additional information on the
CAP Canal levees and overchute structures are typically required when flood flows pond at the

CAP levee.

We write to further request;

a. Copies of CAP design and/or as-built plans of the upslope levee in this area and the
overchutes at Stations 240+00, 253+00, 272+35, 279+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.

¢ 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,

A-N WEST, INC. [/
/j/ ATz ,4//(/ i/,//%

" Gregory A( Schuelke, P.E., R.LSX.
Vice President
GAS/hr Project Manager

A-c

7600 North 15th Street @ Suite 200 ¢ Phoenix, Arizona 850204331 « (602] 861-2200 * Fux (602) 243-1759



5 ',')'-.““

- 3 ‘.\,,\\“"vv' ““/:{Q: ) ‘
;A /'}.(/\ "\‘\ dan I{l)\?'u’{\j,(q ]‘:I'\'{\/ﬂ‘\{;»:(\“. L\

w @ o L RN A T S )
E%‘uﬁ.m( ‘“ . RN Y ‘\\\ﬁ‘bﬁ%}ﬁd&)\f;ﬁ M/ “{v{ \
N AIIN AR

i Qv
o

]
‘
~#

TPy AT

\

3

}E‘u‘z:{- 5

\

S
i AT
i W/',’,\‘ X

% }.v»"r

iy e e

B
o 7
. ;
Jbags Dove
ACVT T

!

gy
S S
1\\ » (

Y, * mbopr——

--"‘"‘:’;;“'I‘?"."' =i

mrmwmmmneand y

&

) /
VAN HI
fresfuonsdd

T
]
.

Bl

¥
i

; R
f -

e

2 s Ny
,)i A
[\Uieh

~ArHAD

) ! i
1

o4




N

MU T S~ A 360 000 FEET
. |_HEWs CANYON .?a T~.1 R W.
® %
u>\ 5 PIKES PEAK .
_wzgsw«va\
L

[ 13
\Y

(oERNESS—Se o~ N *

T AKER" S . 380000 FEET
BN B
4 e 2 2 . Y
AV ] e

sRCH - & e

N

3
| Comie
S Springs

N

x4

Winda

~Well
\ : {
.) SADDLEBACK, . i
2 1 o3 MING A o
- e M >
\ " .A
HIERE )‘l N , N
1 7 o8
\ 5k - ‘- 5 S « 3 te |
. ' Nodo . ! \ . 1
. - |~ :
=T it o b gl . N
chRvster | Lo 1 i c. VA ; >
\ PROVING GROUNDS i \\\ ! \/ ] PADE-FORD WAS '-,( o i
: » :e.‘ \\no_i ’\ T \q: |.~/v‘ ' k 3 ki v » N =98 o 12 LI -*‘A
1 & vV S A%Jl T 1 / s . =< L a 7 T S »° 4 5 P . '
1| pove Velley '8 * i - 4 : 5 o : . ViMIT[F-A".ig_t W BRI ¥
ittmonn ! 3 S \ i | ¢ R . - : (/J'J N e r)‘%:"
s b ‘ : R . o i 7 3
S H o) (R g 4 . BeBet B ] o AR O
N | N ¢ - - 17 | 4 (NS | 5 | o i
50 e g g i L Iy ; PRINELS o 5o A 0T )
~ i< 2T ) o | . -} e White { & : & i A L)
s —— : b % B
UNCHE N L N
i 2 ‘ T t NV E
& ~ DN IiE
~me Z | . el Y i ah
ac ""-f; .2 [T AN EE 3 \ 1/ Rl
. - ! FOR ENUARGEMENT, . /i
1 e l1 SEEPAGEZIR - e |z
\ " T — J ! oy
.} - LARE ;i : A ARG [ v
. - 5 1 ® a3 Qf)’h‘ITA” 3 /R\ i -/." ';: sy
, N BUNKER PEAE ;T 1o /CALDERWOOD BUTTE.___f.*
oA8D) :J_h _J =+ | HOFTH /

{%hn‘c;ioad \\\ o | Q) PHOTRIX
,EL\UKE‘AIG FORCE {\\&»c{wu &

’ 1
R ;
X(LIARY\FIELD NO 1 oo e)l WTARR it - LI ) 1
NS voc i Ny o | : ~ ;
- 7 [ b . 17 ,:, P i ‘lnunlvv i ‘
)~ Hoppr|Voliey Food || |- | :
/ b \ . 3 ABXILIARY i
12 7 -8 — > ‘FIEL‘UZNO 2 3
\ \ \."n.\-i:::- .'\ g : : j, GTYor = \
. N Pinnocle Feat Fdll o, % i n [y \
) NPT et ppwon)  faselete T A
T T [ AN\ | -
‘13 T 2 ’ " o~ \\‘ v 57 " -t
' - P 18 18y o MCMIZHEN AN o 12 17 1 e
. < : 2 gan 1 | AN ) 7| | USRS DRSS
\ SN i LN ¢ i e
D..., Valleyikd b s QN e varteyior p |~
N \ _] ! ' 0 Ko I‘, SunCity West L L2
_710_\:..__ e W Ay ]'\Wﬁr’% '1.7,171 ey vt n
. & \~ B
'R \ Beardsley §d o "/: f,
T ; S oy T e s = 0, I
~\ 4 ot 1005, | N FOP ENLARGEMFNT

EXPLANATION | PADELFORD WASH FLOODPLAIN DELINEATION STUDY
—— <=— STUDY WASH FCD NO.99-12

n 'n WESTinc.. LOCATION MAP
Consutting Englneers A-N WEST NO 7158-07 A_/-g | Fl 4




/o Central Arizona Project

23636 NORTH 7TH STREET
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Par. 4.1.1

DIVISION 4—EARTHWORK

SECTION 4.1-EARTHWORK

4.1.1. 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
exc_:avation to pay lines shown on the drawings.

Such preliminary earthwork information is made
available solely for the convenience of bidders. The
Government does not represent that this information is
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 is 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.

COMPACTING EARTH
MATERIALS

4.1.3.

a. General.—Where compacting of earth materials is
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
compaction of earth materials containing
appreciable amounts of clay or silt is required, the
materials shall be deposited in horizontal layers. The

51

A=)/

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 is the
lesser. Where compaction is performed by hand or
power tampers, the compacted (ayers 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. |f the surface of any
compacted layer of earthfill is 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 is placed. All rollers used on any
one layer of fill 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, if necessary. If the moisture
content is less than optimum for compaction by
more than 2 percentage points or is 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.

fraction in the

The density (dry) of the soil



Par.4.1.3

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
is the dry weight per cubic foot of the soil
compacted at optimum moisture content by
laboratory procedure. The compaction test is the
same as ASTM Designation: D 698, Method A,
except that a 1/20-cubic-foot compaction mold
is 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 and gravels,
is 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 best 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 is performed .by tampers or rollers;
not more than 12 inches if compaction is
performed by treads of crawler-type tractors,
surface vibrators, or similar equipment; and not
more than the penetrating depth of the vibrator
if compaction is 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 is the
highest unit weight of the soil, minimum
density is the lowest unit weight of the soil,
and in-place density is 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.) x 100

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 silt is required, the
materials shall be compacted to a dry density in
accordance with either Subparagraph (a) or (b)
below, using whichever test 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.(1) 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.(1)(a)
above.—The relative density of the compacted
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; materlal shall be not‘ less than 70 percent as’htc'soecificatlons' “and - all matenals 50 - requrred to be
determmed by the. . standard . Bureau of - i.excavated will be’ pald for at the unit prices per cubic
Reclamatlon relative - dens|ty tests ,tf or '.’yard bid in the schedule for excavaticn: No additiona!

cohesnonless free dralnlng SOlS. & Fap 2T allowance above the unit pr|ce bid in the schedule will

Vit s B Y v o LN ol made on account of any’ ‘of the mzterial being wet,
Except as: otherwise.prowded for moistu're' : '-’B_rdders,, and the < contractor “must assume all
_content " in" Subparagraph c. (2)(a) above, ‘when' responsibility for deductions and conclusions s to the
© “density’ is’ determmed by the ‘Bureau -of nature of “ the materials. to . be” ‘excavated and the

" Reclamation - Proct_or Compaction Test, - the " difficulties of making and maintaining the required
matenals shall be  moistened, ' placed, “and . excavations. The Government does not represent that
compacted in’ accordance with Subparagraph b.>: the excavatlon can be perforrned or maintained at the

: above : When densrty is : determined _ by’ the ™ - pay lines descrlbed in these specnflcat ons or shown on
'relatlve densrty test ‘the materrals shall be - _‘ the dranQS ko DR B T s .
. moistened, placed, and compacted in accordance'f: RotE e i s ’
; wrth Subparagraph c. (1) above S e 142,90 EXCAVATlON ADJACENT T0
: A CONTRACT BOUNDARlES

< P : 2 5 o

d Flollers ——Rollers used for compactmg earth - { :
~':fmater|als described in Subparagraph b above shall Defmlte statrons for the boundarres of the schedule are

“ betamping “rollers meetmg followmg . .shown on the drawings, and these dzfinite stations are
. requirements. Each drum of .a roller shall be not ~ the contract limits of the work covered by these
X g - __more than 6 feet in length. The roller shall have. - specnfrcatlons It may be necessary to perform a certain
il R ' staggered and unlformly spaced tamping feet and be - 'amount of excavation, “as determined by . the
R ff'f‘ s of sufficient weight for proper compaction. The end . contracting officer, beyond the contract limits in order
oy g S area of each tamping foot shall be not less than 5 to provide space ‘in which to ‘work. Payment for
- G square inches nor more than 10 square inches. The necessary excavation outside the contract limits will be
: -~ length . of each tamping foot measured from the “made at the unit price per cubic yard bid for the
F surface of the ‘drum to’ the surface of the tamper-A 'adjacent excavatron wrthln the COﬂtl’cCt lrmrts '
- " head shall ‘be ‘not less than 7- lnches The distance :
2 ,measured on the surface of the drum between the 2 42,3, EXCAVATION FOR CANAL

" center of any two adjacent tamplng feet shall be not.' - S5 5
less than 8 inches. ‘The total end area of the tamplng AT, General ——The can‘al '"sections’ zre shown on the

_ _,feet shall not comprise more than 9 percent of the'-, : drawmgs The Government Teserves the Tight, during
'{total cylrndncal area based on the overall drameter " “the progress of ‘the ‘work, to vary the slopes of
. and Iength of the roller at the outer ends of the .. “excavations or the slopes of embankments and the
tampmg feet. The tamping heads and cleaner bars = . = dimensions * dependent thereon. Any increase or

shall "be properly maintained, and the spaces . - decrease of quantities excavated as a result of such
"-'be_tween ‘the- tampmg feet shall be” kept clear of varlatrons will be included in the estimates. |f the

materials whlch" lmpalr the effectrveness of the : contractmg officer determmes that the contractor’s

' costs of performrng the ‘work will be increased or
b : s - ’decreased by reason of such variations an equrtable
i ‘Costs —The costs ol compactlng earth materlals 'adjustment will ‘be made to cover his. mcreased or
-:fas descrlbed in_this paragraph shall be included in o decreased costs Otherwrse the work will be ‘paid for
“+.the ~prices _bid® in: the ‘schedule - for . compactmg" o “atthe- umt "price 'bid therefor in- the schedule
‘ A-:,"'embankments compactmg backfill, and for other - regdrdless of . variations ' in quantity, except as
+items of work where earth materials are required to ~* - -provided in Paragraph 1.3.4. Stones and indurated
be compacted under these specrflcatlons ; Sk v materials larger’ than 5 lnches ‘shzll be removed from
Fesfie 2 ~_ S0 Lo C'materials to be used for, compacted embankments as
R R 'specrﬁed in Paragraph 4.45. Suitable  material
‘ By ‘excavated for - the 'canal and ‘not requrred for
CLASSlFlCATION OF EXCAVATlON - i constructmg canal embankments shall be used to
f_construct collective” dike embankments and O&M

: road ramp and brldge approach embankments

,,tampmg roller

L

..w';-y

l - FRLEE

~SECT|ON 4 2- EXCAVATION

Matenals excavated wull not be classmed for payment
Except as otherwnse provrded in these specrflcatlons
s matenal excavated will, be ‘measured in excavatron to °
the ‘fines shown on the. drawmgs or. as provrded in tluese

Blastmg in such a manner as to cause overbreakage
whlch in the oplnlon of the contracting offlcer is




‘ Par. 4.2.3 iR

excessive; will not be permitted. If runways are cut *. -

into canal slopes below the top of canal lining, they
. shall - be = refilled ‘with ; selected material . and

compacted as_provided,in Paragraph 4.4.5. Above '

the elevation of the O&Mi road, rock will be allowed

“to stand at its steepest safe angle, and no frmshmg 3

oo -will be requrred other than the removal of rock
.- masses that are loose and liable to fall.
- practicable, -

Insofar_as -
the finishing operations required on .

.canal sections shall be performed by the contractor:,‘

e S|multaneously with the canal excavation.

Where material surtable for

selected beddmg'a 3

i materlal, as determined by the contracting officer, is .

i e'ncountered‘ and cannot- be placed as bedding
materral in one continuous operation, then such °
material shall be stockpiled along the right-of-way’
where desngnated by the contractlng officer for Iater:.

S U T L e

: ,Care shall ‘be taken to prevent ot/erbreakage or

i - loosening of material on bottoms and side slopes )

... upon or against which lining is to be placed. Where

" the original ground surface is below the grade of the

canal, the bottom of the canal shall be filled to the

-undersrde of the lining as prescribed for

’ constructrng and compacting the
~embankments.

- Except : as - prbvided below, |
";\excavated' to a subgrade and section as shown on the
drawmgs or as directed to provide for the prescribed
thlckness of lining, and the foundation for the lining

'_,731

3 materlal toarse gravel, cobbles, and boulders that
that there wrll be not less than 3 inches between any.
the lrnmg Surfaces so excavated shall be filled W|th

selected beddmg material conformrng to Paragraph
{;7 3 1= 3 ;

canal

the canal shall be

.-shall . be. prepared in accordance with Paragraphv

Through sectrons contarnrng rock hard compact '
cannot be trrmmed the canal shall be excavated so -

pomt of the excavated surface and the undersrde of &

= Where _Unsuitable material is encountered in the .-

> f_;j”—, foundation for the ¢anal, the contracting officer will
... direct  -additional excavation to
;funsuatable miaterial. This additional excavation shall

prescrrbed for constructing and compacting canal
; embankments

: b Morsture.—-Between Stations 10+00 and 37040d;
,_,all areas to be excovated for the canal prism and, for

remove  the

- be . refilled .to the underside of the Ilmng as .

54

. applied, .
“condition the materials in place in accordance with -
_the following requrrements before any excavatron
“work is begun. . :

-overly wet bl
permitted to utilize portions of the areas to be.}
excavated which contain dry materjal to the greatest-.

SPECIFICATIONS NO. DC-7257
(SUPPLEMENTAL NOTICE NO. 2)

< i - S

- structures shall be wet by sprmkler |rr|gat|on to a,’_;
moisture content of optimum),’ plus or m|nus 1.
percent, to 8 feet below the canal prism, or to -

impervious cemented rr'iaterial,'whichever is less, as
determined by the contracting officer. Application

of moisture to the above areas shall be simultaneous =
‘with the application of moisture. to adjacent areas - . .
- on which canal, collective dike, and bridge approach : -

embankments, and O&M .road rarnps are to be

constructed. Wherever “passible, all, water to be

added to the above ‘areas shall be added in one
application before any excavatron work is begun.
The contractor shall ‘check the” progress of . the

wetting subject to the approval of the contractang
officer, 7 |

i

“As far as practicable,‘ all’r‘haterial to be excavated in -

the entire Reach 9 shall have additional moisture
if needed, by sprmkler rrrlgation to

~The moaisture content of the earthﬂll materials pnor?' ;
to and during compactron shall be in accordance ** -
with Paragraph '4.1.3, except that the materials to -~ '

be placed in embankments not to be compacted
shall have a moisture content of not greater than 2

percent wet nor less than 6 percent dry of optimum.
Wherever possible, all :water added to condition.
materials shall be added in one application. When
‘moisture is added to the areas to be excavated, care " "
shall be taken to m0|sten the material umformly tor:

produce the required * morsture content of the
material for the purpose of which it is to be used.

The contractor is cautioned to control carefully the "
application of water and to check on the depth and -
--amount of water penetration durmg appllcatlon so

as to avoid overrrrrgatlon

I at any Iocatlon to be excavated before or. durmg*’; ;
-excavation operations,” there is excessrve moisture, i
" as determined by the’ contractrng ofﬂcer steps shall

be taken to reduce. .the moisture by selectrvew
materials; by~
excavating and placrng -in temporary stockprles o

excavation to secure the dl’lef

material containing’’ excessive : - moisture; ~ by

additional time for
approved means. -

material,-the - contractor - will .

extent practicable ccnsrstent wrth obtalnmg smtable
material,

The contractor shall be entitled to no additional . .
‘allowance above the unit’ prlces bid in the schedule® -
. on ‘account of. the requirement for. excavatmg‘”x.
.- drainage ditches; for allowing additional time for -
drying; for stockpiling and rehandling excavated.® *
materials which have been deposited temporarily in"
- stockpiles;

delays or |ncreased_costs due to

- excavating drainage ‘ditches: by allowing adequate - e
‘drying; or by  any other = -
To . minimize . operations with s e

7T ‘



‘stockplhng, poor traffrcabrllty on the excavated
“areas, the haul roads, or the embankment reduced
effrcrency of the equipment the contractor elects to
use; : or on. account of ‘any "other 'operations or
drffrcultles 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 mzterials which are

- required “to be excavated in order to .obtain
-,'adequate smtable matenal : )

2 c Measurement and payment -—Except as specn‘led

i ..-hereln measurement, for payment, of excavation
.-t for canal will be made to the lines shown on the

",Where the contractlng ofhcer dxrects addltlonal
““excavation ' to remove -unsuitable
- material, measurement, for payment, of excavatlon
_“ for canal will be made to the outlines of the areas
" prescribed - and * between the bottom of the
_-excavation | required - for . the selected -bedding
mmaterral and the depth directed. The cost of refilling
© such “additional excavation shall be included in the

";:dravvirngs or as prescribed by the contracting officer.

foundation .

t

" Unit price per cubic yard bid in the schedule for -

" excavation for canal. Payment for compacting the
~_refill 'will be made at the unit price per cubic yard
"brd |n the schedule for compactlng embankments
' el ) l\/easurement for payment, of excavatron for canal
e ~*_will not include materials paid for as excavation for
""structures in accordance W|th Parcgraph 4. 2 6.

:_‘f""the unit price per cubic yard ‘bid therefor in the

‘scheoule The unit price bid in the schedule for
,'_excavat|on for- canal - shall mclude the costs of
o embankment foundatlons and areas’ to ' be "
“selected becldrng materlal StOCKDllES at Iocatlons
irected, “of .
- between the bottom of the excavation requrred for’
N “the selected beddmg material - and “the " depth
S dlrected or otherW|se disposing of the excavated
Lo E materlals, of pumpmg 'or unwatering, “and all work
777 necessary to maintain the excavations in good order
A ~'_'durrng constructron except that required overhaul
W|ll be pard for as provrded m Paragraph 4 2 8

L No'dlrect payment W|l| be made to the contractor

" for excavation required below the underside of the’
C oncrete lrnmg for placing selected bedding matenal
“and the cost thereof shall be included in the unit
: "prlce bid in the schedule for preparmg foundatlons
ot for concrete Imlng

fPayment' for excavatron for ‘canal will be made at

excavated placmg the material in embankment orici .
' '-"drtches along the canal as shown on the drawmgs or

L4240 %

" SPECIFICATIONS NO. DC-7257 .
(SUPPLEMENTAL NOTICE NO. 2)

Par 423
EXCAVATION FOR CUTOFF
TRENCHES FOR COLLECTIVE
DlKE e Sty

T a. General —The contractor shall excavate cutoff

: trenches for the collectrve dike across washes which
“contain clean sands and gravels after | the dike

“foundation has been ‘prepared ‘as prescribed

in

- 'Paragraph 4.4.2. The depth and length of the cutoff

_ construction,
. officer, i
collective dike. Any -materials unsuitable for dike

trenches “shall be as prescribed by the contracting
officer. All material - suitable for embankment
as determined by the contracting

shall be used in construction of the

*construction shall be" disposed of as prescrrbed in

Paragraph 4.2.9. sEvaibits RS

b, Measurement and payment. —Measurement, for
 ‘payment,
" collective ‘dike will

of excavation -for  cutoff _trench .for
be made to the-dimensions

-~shown on the ‘drawing and/or prescribed by the

; excavated

contracting offucer and of the total length

i Payment"'for excavation for cutoff trenches for

collective dike will be made at the unit price per

" cubic -yard bid in the schedule for excavation for

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

‘dike embankment at locations directed or otherwise

4 drsposmg ‘of the excavated matenals of pumping or

unwatering, and all work necessary to maintain the
excavations in:good order during construction,

“except that required overhaul will ‘be paid for as

4 e
" blasting or rlppmg, “of procuring and applymg water " e

refullmg the addmonal excavation

provrded in Paragraph 4, 2 8

EXCAVATlON FOR DRAlN o 2o
" DITCHES .

“a. General “The" contractor shall -excavate drain

asdlrected R TN o R

G Blastmg in such a manner as. < to cause overbreakage

- which, in the oplmon of the contractmg officer is

‘ “excessive,
: practlcable the fmlshmg operations requrred on

will not ' be permltted Insofar - as

"dram ditch sections shall be performed by the

The alrnement grades

4 excavatnon "

contractor srmultaneously wrth the drann dltCh

and “sections of . channels

i ;'"f_,leadmg to drain ditches shall be as drrected by the
contractmg officer.® * : T s

bt

Tl iAE

b Measurement and payment —Measurement for



SPECIFICATIONS NO. DC-7257
"(SUPPLEMENTAL NOTICE NO. 2) -

payment of excavatlon for drarn drtches wrll be excavatlon and below the orrgrnal ground
made . to  the l|nes prescrlbed by, the contractrng .. surface, measured to the drmensrons and slopes

Cis \offrcer % Wop bl R R R e D o Specrfred below. N‘easurement of excavatron for -
: Fomrily s N ‘ 5 ;structures wrll be made to drmensrons 1 foot
Payment for excavatlon for dram drtches will be. ....f_"out5|de the outline of the structure foundatrons ,
- made _at the unit price per cubic yard, bid in the v and to slopes of 1:1. SR '
“schedule for excavation for canal, which unrt price - | =iV . L i e By tmemy
shall_rnclude the cost of blasting of ripping; placing - - _"( 3 ) B Tid ge -and-.cattle -crossing
" the material in drain, canal, or diké émbankments; - abutments.—Regardless of whether the
e OF other'wl'se'dlspos‘ing of the excavated 'materials. " excavation for and construction of the structure
L ATy By , =y precedes or follows the excavation of the canal at
7"_4.-2.6, : ~EXCAVATION FOR STRUCTURES i ‘. the “site "of the structure, ‘measurement of
o ) P ',,,.’,,fexcavatron for - structures wrll mclude all.

o Measurement payment EXCdVatIOn; for

: ‘:,‘E"ex(:avatron below the “original ground surface
- structures - will be measured for payment .to measurec to the drmenswns and slopes specrfred
©excavation pay lines shown én the drawmgs or if " below. Measurement of eéxcavation for structures
- not shown on the drawrngs to pay lines in - r_ferI be made to dimensions 1 foot outside the
i accordance wrth the provisiofis of this paragraph. e outline - of the structure foundatrons and to
"~’-~l,.:Regard|ess of ‘Guantities d|reoted to be temoved, to . .. .Vslopes of 141 L
5 comply with safety requrrements measurement for B I ki = i
.. payment will bé made to the prescrrbed pay lines. : (4) Pipe _culverts, crossing under the - canal
. “No payment will be made fot excavation or removal ... prism.—Regard!ess of whether the excavation for
- 'v'of materral which is outsrde the prescrrbed pay lrnes .« and ¢onstruction -of the. structure precedes or
: ; : " follows the exczvation of the canal, at the site of
__“Except for the pipé 'portions of struotures as thé structure, measurement of excavation for
‘ "_~pr0V|(‘led in (5) and as otherwise provided in (6), .. structires will include all_excavation below the
o measurement of excavation wrll be.in accordance " original dground surface between vertlcal planes at
"‘;wrth the followung ST TR P T : - the .inlet and outlet ends of the structure, to
5 : (- " lateral dimensions 1 foot - outside of the
(1) The check which forms a contrnuatron of the . . foundations of the structures and to slopes of
4 canal .=Measurermient of excavation for structures. Bl 15, Such mez surement “wil] also mclude any
“.WI”, include all _required . excavation for the L excavatron ~for. the structure upstream .or
strUCture below the orlgrnal grodhd surface and_ - downstream of these vertical planes which may
between “vertical plaries. at the »ups_treamv‘and . - be required below the original ground surface to
> '-vdoWnstream ends :of .the: structure .or . .-, dimensions . 1 foot, outside structure foundatrons
combination of adjoining « structures. - Such s '.and to slopes of 1:1. :
. measurement will also include any excavation for w0 i i :
_'_,_the structUre upstream and downstream of these d }';»,,_(5) Precast concrete prpe Tor. asbestos cement
'“vertrcal planes which may be fequrred below the .. ."prpe portions of the structures lrsted in (2) and’
% orrgmal ‘ground surface and OUtsn:le of . the pay (4) above —Excavatlon of the trench for a srngle &
; lines* for . cenal . excaVatrbn Measurement of .. .. pipe or paralle' pipes will be measured to a
AexcaVatron upstream and downstream of _the e botfom - width equal to  the overall’ ' distance
_‘,vertrcal planes and ' measurerient - betWeen “the between the butsides of the prpe along the
.- vertical planes will be made to dimensions 1 foot Y horrzontal diameters plus 1 foot and to slopes of
;;outsrde of the foundatrons of the structures ‘and : i 141, Where backfill above the bottom of precast -
slopes Of Vidoew il i iitadi e s i e sy ;i _s_hr‘oncrete or asbestos- cement prpe is to. be’
ok Ve Sy ,compacted by tamprng, ,rolllng, 'or surface
(2);_Prers ; overchutes whrch ross the_'ca'nal, drain’ - . vibrating methods, the bottom. of the trench shall -
. ‘inlet oad culvert, ﬂoatwells and . other - - be shaped as shown on the draW|ngs to cradle the »
1 structu lying largely outsrde ‘the .canal . pipe on undisturbed earth or compacted backfill.
prist, "_Ré’garcless of whether the excavation for L'-Regardless of whether the bottom of the trench
and- ‘construction of the structure precedes or .. -is shaped to form a cradle or excavated to the -
‘,follows the excavation of the canal at the siteof . . . .- __bottom of the pipe, measurement for payment,
. thé'/structure, measurement. of excavation for - . of excavation will be made to the bottom of the
_structures - will  inciude - only the “required -~ - pipe.. Where unsuitable . matenal or. rock is

»'exca\latlon\outsrde the pay lmes for “the canal e encodhtered |n the bottom of the trench for prpe»
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portions of structures, the bottom of the trench
shall be excavated, and measurement for
payment will be made to a depth as prescribed to
provide for placing selected bedding material
under the pipe.

(6) Transitions and cutoff walls.—Where the
character of the material is such that it can be
cut and trimmed to the required lines of the
concrete structure and the concrete placed
against the sides of the excavation without the
use of intervening forms, measurement will be
made only for excavation within the neatlines of
the structure.

(7) Fencepost footings.—Excavation for
fencepost footings will be as provided in
Paragraphs 2.4.1 and 2.4.2.

b. Foundations for structures.—Excavation for the
foundation of structures shall be to the elevations
shown on the drawings or established by the
contracting officer. The contractor shall prepare the
foundations at structure sites by methods which will
provide firm foundations for the structures. The
bottom and side slopes of excavation, upon or
against which the structure is 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 is 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.

If at any point in excavation the foundation
material is excavated beyond the lines required to
receive the structure, the overexcavation shall be
filled with suitable materials and compacted in
accordance with Paragraph 4.1.3. If at any pointin
excavation, the natural foundation material is
disturbed or loosened during the excavation process
or otherwise, it shall be compacted in place or,
where directed, it shall be removed and replaced
with suitable material and compacted in accordance
with Paragraph 4.1.3. Any and all excess excavation
or overexcavation performed by the contractor for
any purpose or reason except for additional
excavation as may be prescribed by the contracting
officer, and whether or not due to the fault of the
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4.2.7.

' Par. 4.2.6

contractor, shall be at the expense of the
contractor. Fill and compacting of fill for such
excess excavation or overexcavation shall be at the
expense of the contractor.

c. Payment.—Insofar as practicable, the material
moved in excavation for structures shall be used for
backfill and embankments, otherwise it shall be
wasted as directed. Payment for excavation for
structures will be made at the unit price per cubic
yard bid therefor in the schedule. The unit price bid
in the schedule for excavation for structures shall
include the cost of all labor and materials for
cofferdams and other temporary construction, of all
pumping and unwatering, of all other work
necessary to maintain the excavations in good order
during construction, of removing such temporary
construction, where required, and shall include the
cost ‘of disposal of the excavated material, except
that required overhaul will be paid for as provided
in Paragraph 4.2.8.

The cost of excavating for fencepost footings shall
be included in the unit price per linear foot bid in
the schedule for furnishing and erecting chain link
fence and for furnishing and erecting barbed-wire
fence.

EXCAVATION FROM BORROW

a. General.—Where the canal excavation at 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 4:1 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
standing water, borrow pits shall be drained by
means of open ditches.

b. Moisture.—All borrow pits shall be wet by
sprinkler irrigation before any excavation work is
begun. For the purpose of this subparagraph, the
term “‘borrow pits’’ includes all of the borrow areas
uphill from the collective dike. Wherever possible,
all water to be added to the borrow pits shall be
added in one application. The moisture content of
the earthfill materials prior to and during
compaction shall be in accordance with Paragraph
4.1.3. As far as practicable, the material shall be

A-)7



Par. 4.2.7

conditioned in borrow pits before excavation. If
required, such as in deep cuts or areas of tightly
cemented materizls, additional moisture shall be
added to the borrow pits.

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

If at any location in the borrow pits for earthfill
material, before or during excavation operations
there is excessive moisture, as determined by the
contracting officer, 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 adequats 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, precipitation,
difficulty of draining, or for any other reason. To
minimize operations with overly wet material, the
contractor will bz permitted to utilize portions of
the borrow arezs 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.

4.2.8.

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 embankment. 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 is 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 its 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.

OVERHAUL

a. General.—A mile cubic yard of overhaul is
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.
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Where material is 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 is 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 is excavated from the canal and is
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.

DISPOSAL OF EXCAVATED
MATERIALS

429

All suitable materials removed in excavation or as
much thereof as may be needed, shall be used in the
construction of - canal embankments, roadway
embankments, collective dike embankments, selected
bedding material, or for the backfill about structures.
If there is 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, or:otherwise 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

Par. 4.2.8

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—BACKFILL

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 to
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 to
construction equipment loads.

Backfill material shall be obtained from material
moved in excavating for structures, but when
sufficient suitable material is 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 fill required for the structure
foundation and all fill 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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Par. 4.3.1

concrete walls or slabs, all fill about the structure
above the base of the structure to lateral dimensions
1 foot outside the base of the structure and within
slopes of 1:1 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
1:1 to the finished surfaces of adjacent earthwork
shall be placed as backfill. All fill 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 is 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 1:1 to the original
ground surface. The remaining fill above the original
ground surface shall be placed as embankment.

d. Gravel backfill.—Gravel backfill at 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 1/2
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 is 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, fill about the

/
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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 is 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 is 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 t of placing backfill in trenches for buried
electrical condcr%t4h{ll be included in the lump-sum
price bid in the schedule for furnishing and
installing materials for electrical system.

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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: COMPACTING BACKFILL ABOUT

.4.'12‘312-5
S Tt g STRUCTURES

a. General Unless ’otherwme»

drrected

To provxde adequate protectlon for compacted o
backfrll about a structure the Government reserves 7.
“the: rrght to dlrect the contractor. to place a
suffrcrent amount_‘ ‘of backﬁll or’ embankment. o -
i materral over the compacted backfrll within“72 "

,;’ hours after compactlng ‘of . the backflll has been

completed

'. The:1,1=, slopes specrfled below shall extend from
-~ the top, of the concrete walls to therr mtersectlon

wrth the surfaces of the excavatron or embankment' X+ Y i e : \
v e (3) At the approachvto a brrdge structure and
‘the cattle crossmg,:a‘l fill_or_refill about the

i

;as the case may be L Ao ‘:,

b Locatlon of compacted backflll e

- slopes of A

“ compacted * embankment ‘the backfill : shall. be

_=‘adjacent compacted embankment

a) Open® transitions "at - th_e ‘i_ends,f»of j"all

portlon of the structure shall be compacted to
~the orlglnal ground “surface or to an elevatlon

“Aull

shown' -'on':fthe\; ; '
drawrngs _backfill about structures shall - be &7
. compacted as prescnbed in this paragraph OF. 485 .0 or"

(1) Backfrll about the ',followmg structures .. =5
portions, .of _structures, -shall. be ‘compacted to . .-
from the top of the concrete walls: . .
Provrded That ‘where’ the structure is Iocated in; e

“compacted to -the “elevation” prescnbed for the

canal —The backfl‘ll about and ‘over the plpe"‘» ,‘f,embankments r-r

2 feet above the top of the pipe, whichever is
the hlgher Below. orrgmal ground surface the',f"-; ]
rdth of trench shall be compacted and__-

' SPECIFICATIONS NO. DC-7257 -
- (SUPPLEMENTAL NOTICE NO. 2

“‘:ﬁ.,“above orlgmal ground surface backfrll shall be‘

'i;g‘,compacted to a trans erse top width equal to :

the outsrde wrdth of the plpe and to slopes of

11 1 Where concrets . collars are ‘used, the
backfrll shall be corrpacted to at least 1 foot
?,;'above the top of the collars 1o a longltudlnal_

) "_z dnstance of 1,foot ‘ezch side of ; the collar, and

e to longltudlnal slopes of 1: ‘l

e 'f(b) Plpe portlons of plpe overchutes —The

_,"backflll about and over’ the prpe portions of
the structure . shall be. compacted to the
'orrgmal ground * surfzce or to ‘an elevation 1

"7 foot above the top of .the pipe, whichever is

=+ the higher. ‘Below original ground surface, the
~full width of trench shall be compacted and
above ongmal ground surface, backflll shall be

ok compacted to a trahsverse top wrdth equal to’

- the outsrde wrdth o the plpe and to slopes of
;f-ll 1

structure, that is within the slopes and limits of
the establlshed pay. lmes -for, backfill. for the

'.structure shall be plaf‘ed as compacted backfill;

and fill placed outsrde of such pay-line limits in -

constructlon of the aoproach shall be placed as
- emban kment or. compccted embankment

(4) Where addltronal excavatlon for a structure
is shown on the dra\mngs or directed to prowde

kS fet A cushion or bedding of compacted material

- “‘under the structure, the refill within the pay lines

- for such additional ex"avatron shall be placed as
'compacted backfull

_(5B)- Where slopmg concrete walls or(slabs extend
~..above - the - natural oround surface -and it is
iy practlcable .as determmed by the’, contractmg
-officer, to construct the walls or “slabs dlrectly on
"‘earth foundatrons wrthout the use of intervening
"+ forms, compacted - embankments’ shall = be
.+ constructed to_lines _and “grades as directed to
’v form surtable foundatlons for the slopmg walls or
*slabs. The compacting of such earth fOUndatlons
~“.shall. be in accordance with, Paragraph 445 and
- payment therefor will_be. made at the unlt pnce




ot stones’ larger than -3 inches
approved by the contractmg officer, and

To prevent unequal

Paragraph 4. 1. 3

will *be’ made in p|ace to the lines shown on:the
. 'drawrngs
.;"dlrected by’the contractlng officer and will be made‘
; onIy for -the quantmes actually. compacted within

‘about' structures ~and - .the compactmg of refill
outs:de of ‘excavation pay lines shall be performed
at the’ expense of the contractor ;

unrt prrce b|d |n the schedule  for: cornpactlng :

~-backf|ll about structures _shall include the costs of
furmshmg water and morstenmg the matenals

- subject to approval The refill material shall be p|aced
.- moistened, -~ and

7 Matenai and compactmg ~The’ materral used forA
backfril to be compacted shall be selected matenal '

from requrred excavation~ or approved .
“loading --and

"ent of a pipe; the backfill shall be placed -
and compacted in layers havmg essentially the same’

‘top elevatlon on each ~side of the barrel. AII : :SECTION 44 EMBANKMENT

-'placed mo&stened and compacted as provrded m‘_,: 441, EMBANKMENT ADJACENT VTO

dl »Measurement and payment —Measurement for' " “Definite stat|ons for the boundanes of the schedule are

-'~payment for compactmg “backfill about structures

as prescrnbed in this. paragraph or: as,

its of the estabhshed pay lines for backfill - . Payment for constructing the necessary embankments

4.4.2.

" and 370+00 shall be wet by sprinkler irrigation before :
-excavation operations  or: embankment construction .
. begihs. The moisture content shall be optimum, plusor: = --

" ground surface:or to impervious cemented material,-

- excavation. Whenever possible, ‘all water shall be added
" collective dike upon which the contracting officer may
: <app|1cat|on of moisture.. , =8

The contractor is cautroned to contro| carefully the
7 depressm

¢ moisture, as’ " determined by the contracting officer,
steps - shall ;.be « taken . to > reduce . the" m0|stureyby

2 'drylng t|me or by any other approved means.

SPECIFICATIUNS NU. DC-/257 )
(SUPPLEMENTAL NOTICE NO. 2)- .-~

requ:red excavatlon or from borrow. The type of
material used and the ‘manner of deposutrng shall be

accordance  with

v

~compacted 7 in -
Paragraph 4.1.3. The refill shall be fmrshed unlformly
and neatly to the lines shown on the drawmgs

The costs of all work descrlbed herem shaII be |nc|uded i
in the- prrces b|d in the schedule for other ltems of
- work.: ,

CONTRACT BOUNDAR | ES

shown on the drawmgs and these_ definite stations are .
the contract: limits of the work covered” by . these
specifications. .The contractor shall construct the canal
embankments ., beyond . the ~contract _ limits:’ :
determined . by the contracting officer in order: to
provide ‘a firm foundation for the concrete canal lining.

outside i the . contract limits will be’ made at the unit-
prices per cubic yard bid for the adjacent earthwork
within the contract limits: : 5

PREPARATION OF SURFACES
UNDER EMBANKMENTS

The areas under the collective. dlke embankments’and
under ‘the canal embankments between Stations 10+00

minus 1 percent, to a depth of 5 feet below the origina] =

whichever, is less, as determined by the contractlng
officer. Appllcatron of moisture shall be 5|multaneous
with the’ application of’ moisture to the adjacent ‘canal <7 U

uniformly - in" one -application. Areas“uphill " of - ‘the

direct waste banks to be constructed WI” not’ requrre

application of water and .to check: on the depth . and :
amount of ‘water penetratron during application so as
to avord overlrr|gat|on accumulatuon of water in

If at any Iocatton on embankment foundatlons before
or during embankment construction; there is excessive

excavatlng dramage ditches,- by aIIowrng .adeqt




The contractor shall be entitled to'np additional
allowance above the unit prices bid in the schedule on
account of the requirement for excavating drainaze
ditches; for allowing additional time for drying; delzys
or increased costs due to poor trafficability on the
embankment foundations or on the haul roads;
reduced efficiency of the equipment the contractor
elects to use; or on account of any other operations or
difficulties caused * by overly wet embankment
foundations or haul roads.

Where the ground surface under any embankment is
not suitable, as determined by the contracting officer,
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 undsr
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 zny
embankment materials are placed, the entire surface of
the foundations for all 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 othzr
embankments where directed, shall be scarified with a
plow making open furrows not less than 8 inches de2p
below the natural ground surface or the strippzd
ground surface, as applicable, at intervals of not more
than 3 feet. i3 ’

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 procurinégand 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

Par. 4.4.2
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.

CONSTRUCTION OF EMBANK-
MENTS

4.4.3.

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 is below the
bottom of the canal and where construction of a fill
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. If
sufficient material is not available from required
excavation the contracting officer may direct
excavation from borrow. Where the width of a road
is not shown on the drawings, it shall have a width
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Par. 4.4.3

of not less than 14 feet. The work 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 is 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 is
routed over the embankments. Embankments shall
be built in approximately horizontal layers carried
across the entire width of the emhankments 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 to 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 ROCKFILL

EMBANKMENTS

a. General.—Most of the canal excavation in the
reach between Stations 370+00 and 575+80.80 is
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. Rockfill 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. 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.

Where the original ground surface is below the
bottom of the canal and where construction of a fill
below the bottom of the canal is prescribed, such
fill shall be placed as compacted rockfill
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 compacted rockfill embankment.

b. Rockfill embankments not to 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.

¢. Rockfill embankments“to be compacted.—The

_requirements for compacted rockfill embankments

will be as speqiﬁed in Paragraph <-4-4-
A4.C

(v 2)
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445,

d. Costs.—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 schedule for excavation for canal.

COMPACTING EMBANKMENTS

a. Gsneral.—The materials used for the compacted
embankments shall be suitable materials, as
determined by the contracting officer, and shall be
obtained from - required excavation or from
designated borrow pits. Before the material for the
first layer of the embankment is 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
insids 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 oberations in the excavation of
materials for the compacted embankment shall be
such as will result in an accepfab!e gradation of
materials to provide for impermeability and stability
when compacted. The maximum dimensions of
stonss and indurated materials placed in the
compacted embankment shall not exceed 5 inches.
. Stonss or indurated materials larger than 5 inches
_ shall be removed prior to compacting operations.

Where the original ground surface is below the
bottom of the canal and where compacted fill below
the bottom of the canal is 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 construct 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.

65

4.4.6.

Par.4.4.4

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 providedin 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.

COMPACTING ROCKFILL
EMBANKMENTS

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 is 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
V\ieight 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.\Where
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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Par. 4.4.6

shall be compacted with four of a

crawler-type tractor tread.

passes

b. Measurement and payment.—Measurement, for
payment, of compacting rockfill 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 Paragrpah 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 plzcing the materials in
layers, furnishing water, moistening, and
compacting as provided in this paragraph.

SECTION 4.5-SLOPE PROTECTION

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 dther charges required to be paid
for materials taken from deposits not owned by the
Government and controlled by the Bureau of
Reclamation shalli 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:

Coarse
Riprap protection gravel
protection
4 Thickness
*Nominal | 24 inches | 12 inches shall be as
thickness prescribed on
the drawings
Maximum | 1/4yd3 |13 1/8 3
size rock
Minimum | 1/10t3 |1and 1/2 | 3/16inch
size rock inches

*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
is 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.

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 1/2 inches in size.

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-tach thickness, and to the
prescribed outlines of the bedding directed to be



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.

E xcavation, 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 Designer/Analyzer Report
CAP24000
Analysis Component
Storm Event Design Discharge 50000 cfs
Peak Discharge Method: User-Specified
Design Discharge §00.00 cfs Check Discharge 500.00 cfs
Taitwater properties: Rectanguiar Channel
Slope 0.500000 fifk Mannings Caoefiicient 0.012
Depth 078 & Bottomn Widt 10.00 #
Tailwater conditions for Design Storm.
Discharge 500 00 cfs Botiom Elevation 1523877 #
Depth 078 k Velacity 6518 &/s
Name Descnption Discharge HW Elev Velocity
Culvert-1 1-72 inch Circular S0 00 cfs 155782k 18.07 fi/s
Weir Not Cansidered N/A N/A N/A
Project Titie: PADELFORD WASH FIS Project Engineer. GREG SCHIUELKE
&/ M AT 3 G MID HONODO . i R PVTDT, 50 DUMNSHIAEADMEF 4 O
BN 1ATI B714:14 AW © Haeslad Methogs, InC. 37 Brookside Road  Vyaterury, CT 08708 USA  (203) 733-1658 Page 1072
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Culvert Designer/Analyzer Report

CAP24000

Component.Culkent-1
Culvert Summary
Computed Headwater Elevation 155752 & Discharge 500.00 cfs
Intet Controt HVWV Elev 185752 & Taitwater Elevation 154053 #
Outlet Control HW Elev 1555580 # Control Type Inlet Control
Headwater Depths Height 274
Grades
Upstream invent 154107 @ Downstream invert 183977 #
Length 21700 # Constructed Slope 0005381 f/M
Hydraulic Profile
Profile CompositeM2Pressure Depth, Downstream 567 #h
Siope Tvpe Mitd Normal Depth NA f
Flow Regime Subcntical Crtical Cepth 567 &
Velocity Downstream 18.07 fifs Crtical Slope 0.010273 ff
Section

_ Section Shape Circular Mannings Coeficient 0.012

" Section Materiai Concrete Span 500 f
Section Size 72 inch Rise BOD
Number Sections 1
Outiet Control Properties
Cutlet Control HW Eley 155550 § Upsiream Veilocity Head 488 f
Ke 050 Entrance Loss 243 #
Inlet Control Properties
inlet Control HW Elev 1557562 & Flow Contral Submerged

Area Full 263 f2

iniet Type

< 0 T X

Sguare edge wheadwall
0.00280
2.00000
0.0Z=20
0.67000

HDS 5 Chan
HDS § Scaie
Eguation Form

1
1
1

Project Title: PADELFORD WASH FIS

cxhaestadiovm\sr64020.cvm

09/11/00 07:14:14 AM

© Haeslad Methods, Inc.

A-N WEST, INC

B-5

37 Brookside Road ‘Waterbury, CT 06708 USA  (203) 755-1666

Project Englneer. GREG SCHUELKE

CulvertMaster v1.0
Page 2 0f2



Rating Table Report

CAP24000
Range Data:
Minimum Maximum Increment
Discharge 0.00 500.00 2500 cfs

Discharge (cfs)| HWV Elex (ft) (M HWI {O) HWo D) DnV
0.00 15838.77 1538.77 1538.77 0.00
2500 543.08 154284 1.543.08 724
50.00 154397 154364 154357 887
7500 1.544.68 1.544.30 154468 g3
100.00 154531 154490 154531 10.80
125.00 154588 1545 46 154588 1.2
150.00 1,548.42 1546.00 1546.42 1174
17500 154684 154654 154684 1218

200.00 1.547.45 154708 1547 .45 12
22500 154785 154763 1547.85 12.28
250.00 154845 1548.21 1.548.45 1322
27500 154388 154884 1.548.98 1383
300.00 154955 154855 1,540 47 12.80
32500 1.55033 1550.33 1548.93 14.14
35000 1.551.47 185117 1.550.54 143D
. 37500 1585207 155207 1551.06 14.38
i 400.00 1£63.04 1553.04 155184 1508
| 42500 155408 1554.08 1552.59 1877
450.00 165505 1855/15 1,553.54 16.51
475.00 1,556.30 1558.30 155480 17.28
00 155752 155752 155550 18.07

Project Title: PADELFORD WASH FIS

£ U SE B AW EAHNIIO SODO. 4
O311/00 071792 AM

© Haeslad MeLhods, Inc.

ACH VSCTT, 960

37 Brooksige Roag Vvalerbury, CT OB718 USA  (203) 735-18585

B -G

Project Engineer. GREG SCHUELKE

CUHEBHMEBEBr $41.0

Page 1 071
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Culvert Designer/Analyzer Report

Project Engineer. GREG SCHUELKE

CAP25300
Analysis Component
Storm Event Design Discharge 55000 cfs
Peak Discharge Method: User-Specified
Design Discharge §30.00 cfs Check Discharge S500.00 cfs
Tailwater properties: Rectangular Channei
Slope 0.500000 f% Mannings Coefficient 0012
Depth 080 # Bottom Width 10.00 #
Taitwater conditions for Design Storm.
Discharge 55000 cfs Botiom Eievation 153954 it
Depth 080 f Velocity 63.48 f/s
Name Description Discharge HW Eiey Velocity
Culvent-1 1-72 inch Circular 55000 cfs 1558821 18.70 fi/s
Weir Not Considered N/A N/& N/&A
Project Title: PADELFORD WASH FIS
& VA B Bt e NSPHND HOA020 . b9 AP VWEDTY, 990

US/gsARd 12:01.4% FM

© Haestad Metnngs, InC. 37 Bronksige Rozg Vyaleroury, CT D270 USA  (203) 735- 18555

QumerMenter 4.0
Page 1072
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Culvert Designer/Analyzer Report

CAP25300

Component:.Culvert-1
Culvert Summary
Computed Headwater Elevation 155082 # Discharge 550.00 cfs
inlet Control HW Elev 155082 # Taitwater Elevation 154034 1
Outlet Control HW Elev 155745 R Control Type Inlet Control
Headwater Depth/ Height 3.18
Grades
Upstream Invert 154078 ® Downstream invert 1539.54
Length 2100 # Constructed Slope 0.005520 fift
Hydraulic Profile
Profile CompositeM2Pressure Depth, Downstream 577 #
Slope Type Mild Normal Depth N/A 1
Flow Regime Subcritical Critical Depth 877 &
Velocity Downstream 1970 /s Critical Slope 0.012535 fi/ft
Section
Section Shape Circular Mannings Coefficient 0.012

, Section Material Concrete Span 800 #
Section Size 72 inch Rise BOO
Number Sections 1
Qutlet Control Properties
Qutiet Control Hv Elev 155745 f Upstream Velocity Head 583 f
Ke 0.50 Entrance Loss 284 #
inlet Control Properties
inlet Control HW Elev 155882 1 Flow Control Submerged
inlet Type Sguare edge wheadwall Area Full 283 f12
K 0.00880 HDS 5 Chart 1
M 2.00000 HDS § Scale 1
(& 0.02880 Equation Form 1
¥ 0.67000

Project Title: PADELFORD WASH FIS
c:\hacstad\cvmiarS4020.cvm

03/08/00 12:51.43 PM © Haestad Methods, Inc.

A-N WEST, BNO

—_—

37 Brookside Road_ Waterbury, CT 06708 USA  (203) 755-1666

Project Engineer. GREG SCHUELKE
Cutvertviester v1.0

Page 2 of 2



Rating Table Report

03/08/00 125711 PM

© Hagstad Methods, Inc.

CAP25300
Range Data:
Minimum Maximum Increment
Discharge 0.00 550.00 50.00 cfs
Discharge (cfs)| Hw Elev (ft) 0 Hwi (O) Hwo (D) Dn V
0.00 153354 1538.54 1,539.54 0.00
5.00 154365 154333 1543686 8.62
10000 154500 1,544 59 154500 10.34
150.00 1548 11 154570 1546.11 11.48
20.00 1,547 .14 154878 154714 12.31
250.00 154814 1,547 90 1548.14 1283
F0.00 154824 1.548.24 154918 13.53
FD00 1.550.88 155088 1550.22 13.74
400.00 1,85273 1558273 1551.48 15.08
43000 155484 1554 54 155338 1651
500 00 155721 15572.21 1.555.32 18.07
S5000 155882 1,558 82 1557 45 1874
Project Title: PADELFORD WASH FIS
chhacstadicymiarB4020.cvm A-H WEST, INC

37 Brookside Road ‘Walerbury, CT 08708 USA  (203) 755-1665

Project Engineer: GREG SCHUELKE
CulvertiMaster v1.0
Page 1 of 1



EXPLANATION PADELFORD WASH FIS

FCD.NO.99-12 DRAINAGE CAP CANAL OVERCHUTE DETENTION ROUTING (DR)
SUBAREA DATA SHEETS FOR HEC-1 MODELING

= BOUNDARY
n nWEST’"C' R <)) FIGURE cAF 272258

Consuliing Engineers

A-N WEST NO.7158-07




=) Culvert Designer/Analyzer Report

CAP27235
Analysis Component
Storm Event Design Discharge 15580.00 cfs
Peak Discharge Method: UserSpecified
Design Discharge 1550.00 cfs Check Discharge 1250.00 cfs
Tailwater properties: Rectanguiar Channgi
Slape 0.500000 futt Mannings Coefficient 0.012
Depth 078 # Bottom Width 2700
Tailwater conditions for Design Starm.
Discharge 155000 cfs Bottom Elevstion 153847 #®
Depth 078 # Velacity 7228 fi5s
Name Description Discharge HVY Eley Velocity
Cubvert-1 3-72 inch Circular 1.550.00 cfs 155718 # 12.61 firs
Weir Not Considered N/A N/AA EA
Project Title: PADELFORD WASH FIS B ‘/ 2 Project Engineer. GREG SCHUELKE
c:\haestadicymiar64020. cym A-NWEST, INC Cutverttdaster v1.0

03/08/00 11.47.55 AM © Haestad Methods, Inc. 37 Brookside Road  ‘Walerbury, CT 08708 USA  (203) 755-1666 Page 1 072
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Culvert Designer/Analyzer Report

CAP27235

Component.Culert-1
Culvert Summary
Computed Headwater Elevation 1585712 # Discharge 155000 cfs
iniet Control HVV Elev 155719 # Taitwater Elevation 1539.26
Outlet Control HW Eley 155495 R Control Type inlet Control
Heagwater Depth/ Height 288
Grades
Upstream invert 153590 # Downstream invert 1538.47 #
Length 2230 h Constructed Slope 0.006433 #Mf
Hydraulic Profile
Profile CompositeM2Pressure Depth, Downstream 571 #
Siope Type Mild Normal Depth NiA #
Flow Regime Subcritical Critical Cepth 571 #
Velocity Downstream 1881 #fs Critical Slope 0.010991 fift
Section
Section Shape Circular Mannings Ceoefiicient 0.012
Secticn Matenal Concrete Span g00 f
Section Size 72 inch Rise BOD #
Number Sections 3
Quilet Control Properies
QOutlet Control HYV Eley 155435 1 Upstream Velocty Head 518
Ke 0&D Entrance Loss 2589 &
Inlet Control Properties
inlet Control HW Elev 155718 1 Flow Control Submerged
Inlet Type Sguare edge wheadwall Area Full B48 fi2
K 0.00880 HDS 5 Chart 1
1] 2.00000 HDS § Scale 1
c 0.03330 Equation Form 1
Y 0.67000

)
Project Thtle: PADELFORD WASH FIS /g ~/ 3 Project Engineer. GREG SCHUELKE
B:°HAE B S W LIBIDSOR0. bt AN WEGT, N0 Sumerastor 1.0

USfiinAzg 11.47.90 AM © Haeslad Methogs, InC. 37 BIo0KsSI0e RO3G  Yvalgroury, CT O0B700 USA  (Z03) 700-1068 Page Z 012



D Rating Table Report

CAP27235
Range Data:
Minimum Maximum Increment
Discharge 0.00 1550.00 50.00 cfs
Discharge (cfs)] HVY Elev () M HWA (O) Hwo ) DnV
0.00 1538 47 1538 47 1538.47 0.00
00 154153 154132 154153 §58
100.00 154223 154188 154223 B.08
150.00 1.542.90 1542.47 154280 aoe
200.00 1543.28 154282 1543.28 580
250.00 154373 1.543.33 154373 10.37
300.00 1544 14 154372 1544.14 10.85
350.00 1.544.52 154410 1544.52 11.28
400.00 154489 1544 47 1544.89 11.88
45000 154525 154483 154525 12.01
500.00 154560 154519 154560 12.32
550.00 154584 154555 1545.84 1261
800.00 154628 1.545.81 1.546.28 12.88
850.00 1.548.81 1546.28 1.546.61 13.14
700.00 1546.85 1,546.84 1,548.95 13.38
750.00 1.547.28 154704 1.547.28 13.681
200.00 1547 82 1547 48 1547.62 1383
850.00 154735 15470 1547 .98 14.04
300.00 154838 1548.38 154830 14.23
250.00 1.548.68 1,548.83 1,548.65 14.41
1.000.00 1,549.43 1549 43 1548.00 14.57
1,050.00 1,550.00 1,550.00 1,548.37 14.70
1,100.00 155053 155053 1549.74 14.60
1.150.00 1.551.2 1551.22 1,550.13 14.77
1.200.00 155167 155187 1550.44 1506
1,.250.00 155254 1558254 1.550.94 16.53
13000 155325 185325 155163 18.01
135000 155388 1.553.08 1552.28 18.51
1.400.00 155474 155474 155293 17.02
1.450.00 155553 156553 155359 17.54
1,500.00 1556.35 1.558.235 1554.26 18.07
1550.00 1585719 155718 1554.95 18.61
Project Title: PADELFORD WASH FIS /3 /% - Project Engineer. GREG SCHUELKE
CAhaested'cymtsr54020.cym AN WEST, NG Cuilvertivigster v1.0

03/08/00 11:51:31 AM © Haestad Methods, inc. 37 Brookside Road  Waterbury, CT 06708 USA  (202) 755-1666 Page 1 0f1
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Culvert Designer/Analyzer Report

—EAP27600~
cAP 279+

Analysis Component

Storm Event Design Discharge 550.00 cfs
Peak Discharge Method: User-Specified
Design Discharge 55000 cfs Check Discharge S00.00 cfs
Taiiwater properties: Rectanguiar Channel
Slope 0.500000 £t Mannings Coefficient 0.012
Depth 080 # Bottom Width 1000 #
Tailwater conditions for Design Storm.
Discharge 550.00 cfs Bottom Elevation 153834 #
Depth 080 1 Velacity 68.43 f/s
Name Descaption Discharge HVY Elev Velocity
Culvert-1 1-72 inch Circular S50.00 cfs 155867 f 19.70 f/s
Weir Not Consigered N/A N/A N/&A
Project Title: PADELFORD WASH FIS B ‘/ 6
chhaestadcymiarB4020.cvm A-N WEST, INC

03/08/00 12:23.10 PM © Haestad Methods, inc.

37 Brookside Road Vvaterbury, CT 0£708 USA  (203) 755-1668

Project Engineer. GREG SCHUELKE
CubvertMester v1.0
Page 1 0f 2



T Culvert Designer/Analyzer Report
—CAP2TE06—

CAP 279466

Component.Culvert-1

Culvert Summary

Computed Headwater Elevation 155867 f Discharge 550.00 cfs
inlet Control HWV Elev 155867 # Tailwater Elevation 1538.14 ®
Outlet Control HW Elev 155827 # Control Type Inlet Control
Headwater Depth/ Height 3.18

Grades

Upstream Invernt 153861 # Downstream invert 1538.34 #
Length 2220 # Constructed Slope 0.005713 R
Hydraulic Profile

Profile CompositeM2Pressure Depth, Downstream 577 &
Siope Type Miid MNormai Depth NA |
Fiow Regime Subcrtical Critical Depth 8§77 &
Velocity Downstream 18.70 fi/s Critical Stope 0.012835 A
Section

Section Shape Circular Mannings Coeficient 0.012

"\75 Section Material Concrete Span 800 #

' Section Size 72 inch Rise 500 7
Number Sections i

Qutlet Control Properies

Qutiet Control HW Eley 1556327 Upstream Velocity Head 5B R
Ke 0.50 Entrance Loss 284
iniet Controi Properties

Iniet Control HW Elev 155567 1 Flow Control Submerged
Inlet Type Sguare edge w/headwall Area Full 283 fi?
K C.00230 HDS 5 Chan 1

M 2.00000 HOS § Scaie 1

c 0.033880 Equation Form 1

Y 0.87000

Project Title: PADELFORD WASH FIS B =/ 7

5 \HAE Bt S N LMHHLBICIODO, b AcF WEOT, 100

Project Engineer. GREG SCHUELKE

CumwEnbiastEr ¢1.0

Us/oB/0n 122310 PM © Haeslad MENngs, INC. 37 Brooksige Road  VWalerbury, CT OB708 USA (203) 725-1855 Page 2072
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Rating Table Report

—CAP27600—
CAP 27942
Range Data:
Minimum Maximum Increment
Discharge 0.00 550.00 50.00 cfs
Discharge (cfs)| HW Elev (ft) (1) Hwi (O) Hvo {©O)DnvVv
0.00 1,538.24 1,538.34 1538.34 0.00
5.0 154287 154218 154251 8.72
100.00 154385 1.543.44 154385 10.48
150.00 1544.98 154455 154496 11.58
200.00 154598 154562 154598 12.44
250.00 1.546.98 154675 1.545.99 13.14
330.00 1.548.08 1548.06 1.548.01 13.688
3000 1,548.71 1,549.71 1549.08 1388
40000 155158 155158 1550.25 15.08
453.00 1553863 155363 155216 18.51
500.00 1,556.08 1,555.08 155413 18.07
550.00 155867 1558 67 1556.27 19.70

Project Title: PADELFORD WASH FIS
chhacsted\cymiaB4020.cym
02/08/00 12.26.16 PM

© Haestad Methods, Inc.

B—/8

A-NWEST, NG

37 Brookside Road  Waterbury, CT 087038 USA  (203) 755-1655

Project Engineer. GREG SCHUELKE
Cutverttaster v1.0

Page 1 0f1



PADELFORD WASH FIS

EXPLANATION

PR8970

FIGURE ¢/

DATA SHEETS FOR HEC-1 MODELING

2=/

3
m
W
g
3
3
g
2

BOUNDARY

SUBAREA

12

FCDNO.99
H 'n WESTinc.

Consulting Engineers




Culvert Designer/Analyzer Report

CAP28870
Analysis Component
Storm Event Design Discharge 550.00 cfs
Peak Discharge Method: User-Specified
Design Discharge &850.00 cfs Check Discharge 40000 cfs
Tailwater properties: Rectanguiar Channel
Siope 0.500000 % Mannings Ceefficient Q012
Depth 080 Battom Wicth 1000 #
Tailwater conditions for Design Storm.
Discharge S50 00 cfs Sottorn Elevation 153821 f
Depth 080 # Veiocity 88.49 fi/s
Name Descnption Discharge HWY Elev . Velocity
Culvert-1 1-72 inch Circular S50 00 ofs 1558571 18,70 Res
Weir Not Considered NAA NAA N/&
Project Title: PADELFORD WASH FIS B - 2 O Project Engineer. GREG SCHUELKE
. AHAaE 2 NEPTBIOS020 . bt AN WEDT, 700 Currertaster ¢1.0

Us/monmog 11:98.10 AM © Haeslat MeInods, InC. 37 Brooksige Road  YWalerpury, CT OE708 USA  (203) 7951658 Page 1 072



~
U

ert Designer/Analyzer Report

v
CAP29870

Component.Culent-1
Culvert Summary
Computed Headwater Elevation 158857 R Discharge 850.00 cfs
Iniet Control HVY Elev 155857 ® Taitwater Elevation 153801 #
Outlet Control HW Elev 1556.15 f Control Type Inlet Control
Headwater Depth/ Height 3.18
Grades
Upstream invert 153851 # Downstream invert 153821 #
Length 22330 ® Constructed Slope 0.005822 A
Hydraulic Profile
Profile CompositeMZPressure Depth, Downstream 877 R
Siope Type Miig Normigi Depth N/A T
Flow Regime Subcntical Critical Depth 577 &
Veigcity Downstream 18.7C ffs Critical Siope 0.012535 M
Section
Section Shape Circular Mannings Coefficient 0012

", Section Material Concrete Span B.00 #
Sectisn Size 72 inch Rise B.0O 7
Number Sections 1
Outlel Control Properties
QOutiet Control HW Elev 155615 R Upstream Velocity Head 588
Ke 0.50 Entrance Loss 294 R
Inlet Control Properties
iniet Control HWW Elev 155557 & Flow Contral Submerged
iniet Type Sguare edge wheadwall Asea Full 283 f2
K 000930 HDS 5 Chart 1
W 233330 HDS 5 Scale 1
C 0.03380 Equation Form 1
087

Y

(R s

Project Trtle: PADELFORD WASH FIS

c:vheestadicvm\arB4020.cvm

DB/05/X) 11.56.10 AM

© Haestad Methods, inc.

37 Brooksige Road

B-2f

A-N WEST, INC

YWaterbury, CT 08708 USA  (203) 755-1666

Project Englneer. GREG SCHUELKE
CutvertMaster v1.0
Page 2 072



Rating Table Report

CAP29870
Range Oata:
Minimum Maximum Increment
Discharge 0.00 550.00 5000 cfs

Discharge {cfs)| HwW Elev () (1) Hwi {0} Hwo DY Dn Vv
0.00 156382 15381 153821 000
500 1542 41 154208 1.542.4% 8.78
10000 154375 154334 154375 10.52
150.00 1544 88 1,544 45 1544 85 11.85
200.00 154583 1545.52 1.545.83 12.51
25000 1,546 838 154685 1.546.89 1321
33000 1547 98 1,547 88 1547 81 137
330.00 1,549 61 1,548.61 1548988 14.11
40000 1551.48 1,551.48 155012 158.08
450 00 155358 1,553.58 155204 i6.51
50000 155598 1.558.88 155402 18.07
550.00 1.,558.57 1,558.57 1556.15 1870

Project Titie: PADELFORD WASH FIS
£ Vhaesta oo 04020 . e
TSAIAI0 1218185 P

© Haestad Metnods, inC. 37 BIooksige Road

B-82

A-H WEOT, 90

Vyaleroury, CT DE708 USA  (203) 753- 1855

Project Engineer. GREG SCHUELKE
Cutserthraster ¢4.0
Page 1 0T1



PADELFORD WASH FIS
L OVERCHUTE DETENTION ROUTING (DR)

EXPLANATION

-N WEST NO.7158-07
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\ Culvert Designer/Analyzer Report
CAP31500

Anaiysis Component

Storm Event Design Discharge 1,550.00 cfs
Peak Discharge Method: User-Spscified
Design Discharge 155000 ¢k Check Discharge 125000 cfs
Tatlwater propenies: Rectanguiar Channei
Siope C.800C3 AT Mannings Coefficient 0012
Depth 079 # Bottom Width 2700
Tailwater conditions for Design Storm.
Discharge 1550.00 cfs Bottom Elevation 1538.16 #
Septh 072 R Velocity 72.28 {s
Name Description Discharge HW Elev Velocity
Cubven-1 3-72 inch Circular T 58000 cfs 155672 % 1281 fs
Welr Not Considered K& MNIA NAA
J
Project Title: PAGELFORD WASH FIS ﬁ —"24 Project Engineer. GREG SCHUELKE
€ NMat Bt I04020 . com A~p WETT, 1990 Suveritviaster 1.0
DEAMIATT 119541 AM © H3ESIZU MEINGGS, INC. 37 BIonNKSIge RO20  YYalerbury, CT ou7on USA  (203) 729-18%% Page 1 0T2



Y Peliinct Meanlimenc/Aem~ e Do
Culvell vesigiieiiAl l‘aiYZt-.'l Repun’t
CAP31500

Component:.Culen-1
Culert Summary
Computed Headwater Elevation 155872 & Discharge 1585000 cfs
iniet Control HVY Elev 155672 h Tailwater Elevation 153885 R
Outiet Control H¥ Elev 155488 f Cantrol Type Iniet Control
Headwater Depth/ Hewght 288
Grages
Upstream invert 153343 # Downstream invert 153816 #
Length 22D N Constructed Siope 0.005887 R/t
Hydraulic Profile
Profile CompesiteM2Pressure Depth, Downstream 571 #
Sioge Type Miig Normal Depth NiA #
Fiow Regime Subcriticat Critical Depth a71 R
Velocity Downstream 18.61 fi/s Critical Slope 0.010981 fi/ft
Section
Section Shape Circuler Mannings Coefficient 0.012

.. Secticn Material Concrete Span 8.00 #
Section Siz 72 inch Rise £00
Number Sections 3
Dutier Controf Properties
Qutlet Control HW Elev 1554688 & Upstream Veigcily Head 518 #
Ke .50 Entrance Loss 255 h
iniet Cantrol Properties
inlet Control HW Elev 185872 R Flow Caontiol Submerged
iniet Type Square edge w/headwall Area Full 848 fi?
K C 00230 HDS 5 Chan 1
M 2 HDS & Scale 1
c 0.03%80 Equation Form 1
b 067000

Project Title: PADELF ORD WASH FIS

ciihacatadoymis 84020 cym

02/08/00 11:35.41 AM

© Hagestagd Metnoas, InC.

37 BDrooksice Road  Waleroury, CT 05708 USA (203) 793-16£8

B-25

A-NWEST, INC

Project Engineer. GREG SCHUELKE
Culvertiester vi.0
P3ge 2012



) Rating Table Report

CAP31500
Range Data:
Minimum Maximum Increment
Discharge G000 1,550.00 50.00 cfs
Escharge (cfs)] HW Elev () M Hwvi (O) Hwo D) DnV
0.00 1538186 1538.16 1538.16 0.00
.08 154138 154088 154108 g.31
100 00 154178 1.541.42 1541786 774
15000 154223 154200 154233 8.71
200.00 154281 1,542.45 154281 9.41
25000 1543.28 154288 1543.28 897
330.060 154387 1543.28 1.543.67 10.44
33000 1544 C5 154363 154405 10.88
400.00 1,544 42 154400 1544 .42 11.23
45000 154478 154437 154478 11,57
S0C0.00 154513 154473 1.545.13 1187
350.00 1545 47 154508 1,545 47 12.18
500.00 1,545 81 154545 154581 12.42
850 00 154514 1545 81 1546.14 1267
70000 1.548.48 1,548.17 1546.48 12.90
750.00 154681 1,546.57 1,548.81 13.12
: 'f“_l 200.00 1547 .15 1,546.99 154715 1332
i 850.00 1547 42 1,547 43 1.547 49 13.51
800.00 1547 21 1547 81 154783 1387
250.00 1548 43 1,548.43 1.548.18 13.82
1,000.00 1£48.98 1548.98 1548.53 13.93
1,050.00 1,548.53 154853 1548.90 13.84
1,100.00 155013 1.550.13 1548.21 14.18
1.150.00 1.850.75 168075 154058 14.60
1.200.00 1.551.40 1551.40 1550.08 15.08
1250.00 158208 1585208 155074 15.63
132000 1.652.78 155278 1551.36 18.01
135000 155351 1.553151 155189 18.51
140000 155427 155427 1552.64 17.02
145000 1555 06 556.06 155329 17 .84
1.50.00 155588 155588 155397 1807
1.550.00 159672 1558.72 1.554.66 168.61
B - 2 é Project Engineer. GREG SCHUELKE

Project Title: PADELFORD WASH FIS
©3MaE AN IO 04020 . berrt AN WEDT, 890
Dm0 115932 AM © Haeslad Metnogs, INC. 37 Brooksige Road  Yvaleroury, CT 05703 USA  (203) 732-18685 Page 1 071

CuwertManter *1.0



FI'H Project _ 7/ =5 ¢ 7 sht
IKC. /Da/je/é:;/‘c/ /J/JO'SA /ilii_ Calc, By 6ﬂé Date 7/§/d~9

Consulting Engineers

Richmond, California ) S i =
e Een Ab 992 Chia. Date

Scn Jese, Colifornia
Phcenix , Arizena

Pedention /Deten Yon Basin Data
From 2202 % 7o /G BRD foe.
LOCAT/ION &, Z)e‘% > // 3/2 /‘41/2/.9’ //0/‘714 o3 C#P ﬂajna/
ORP S+ QA doroo
TwELOw T.D.M0: CO 409

OUTE 0w T.D., MO = DR £00

FLEV, | AREA . Accurisl PIPE TDIScs]  SPILLWARY ] T TAL
j ey o, VoL o ES D/SC/l/C'-,t | DISCHRRLZGE
| (A ~ FTY ehAl 240400 (c~=3D ; cES
Js#404 o 0 o O  lweriy Fha s )
eana o o 9.2 . fast B i
Js441 0)o . o. /o -y 4/7%4?@ Moewn! s
_/S4G. J. S0 LT 130G DeP Coles T 360
/23| 747 1087 _ 2275 By llwmest- 2375
G6Y]5 49" /2.18 2670 -27G.T _ , a7
1550 /6,69 35,22  3/4,. 4 2 /4, 4
J552 2702 78.92  373-1 , o -5 P
Qj552 22.67 /69.77. 399.0 _ , 3 99,6
_)554. 38,32 /44.27. 423.5 | 200 - . @23.5
_J555 . 403/ 223,40, 48,5 . RQ[50 R 2&/8,6
15565  4£L,4 | 244.0 479.( 20 %o 252%/

WNole s 'j\Bmé(kawf 7o 41657/* /4/m CAP Beamr o ) SBRLTE

,?\ gho@//c)//‘zé— T f&s% Over //329 X’ve Bejms
at L /5535

i

567 46/ 4060
f/:c -~ RoyTING  TwWPU 7’ DHT,O i
Feldly B Tay N . L R AR
RS Dec:rd - SJora;a /20a ;7/ T{‘ - '
_fe_&} | S o .
, |

S5V EQCOaf‘ci QQSQ%VOIP;_Clﬁf‘Jjé | .
SV 00 oo /7 40,97 2,82 3522 74,92 108.77 [#H.27 223.F

_ST-I?QCor*d - DiJs c/’)ar‘ge : I 51440
[TSG\ Ol 5/l i 130:6 227.5, 27.7 3 /LA 373, | 399.0 423 6‘://5’,4
I EGCOPC[ ~ £ Jevatisn { | : '5529.1"
SE54) /5440 /546/0 (S 48.0 [|SFAD . [5%0,0] /5520 /553/0f £540 /5555
55 Recard Sp //wcu/ C’hamc%er/sf—,ce 1556.5
ss | e — WP T |
= Rfcm*d—/dp o Dawm Over /4w
57 //"T’___L._./-* ////d ! /"MZ’——-'—“
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Worksheet
Workshest for lrregular Channel

Project Description
Project File c:\fmwipadell.fm2
Viforksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST
Flows Element Irregutar Channel
Method ianning's Formula
Saolve For Water Elevation
Input Data
Channel Slope 0.020000 ft/ft
Elevation range: 1553.00 ft to 1556.00 fi. ‘
Station (ft) Elevation (f) Start Station End Station Roughness
0.00 1556.00 0.00 701.00 0.015
300.00 1554 00
400.00 1553.00
540.00 1554.00
700.00 1555.50
701.00 1556.00
Discharge 20000 - fijs £— KD = 200
Results
Wid. Mannings Coefficient 0.015
Water Surface Elevation 1553.54 ft
Flows Area 34.38 ft2
Wetted Perimeter 128 .46 fi
Top Width 128.48 ft
Depth 0.54 ft
Critical VWfater Eley. 1553.70 ft
Critical Slope 0.004644 /R ke = P OM

Velocity 5.82 ft's E ) ef? V -/- /p
Velocity Head 0.53 (2’/ ~/ -
Specific Energy 155406 U/a‘/W A / Cﬁ

Froude Number 1.88 'y A i ~
Full Flow Capacity 20814 .59 fts/s Corres /)a\n 4{7 rﬂ/ > A C /~

Flow is supercritical. W o)/ r / ado— JE 3 RD 4,
a Va Q = 200 ;‘rjs

. FlowMaster v4.1¢
Haesiad Methods, Inc. 37 Brookside Road  “Waterbury, CT 05708  (203) 755-1666 ’ Page 1 of 1

£B-28



‘Worksheet
Worksheet for [rregular Channel

Project Description

Project File c:\fmwipadell.fm2

Viforksheet WEIR FLOVY OVER 163RD AVE.WEST TO EAST
Flows Element Irregular Chaninel

Method Manning's Formula

Solve For VWfater Elevation

Input Data

Channel Slope

0.020000 fi/ft

Elevation range: 1553.00 ft to 1556.00 fi.

Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 1556.00 0.00 701.00 0.015
300.00 1554.00
400.00 1553.00
540.00 1554.00
700.00 1555.50
701.00 1556.00
Discharge 2150.00 ftfs ="
Results
Vtd. Mannings Coefficient 0.015
VWater Surface Elevation 1554.31 ft
Flows Area 205.55 ft?
Wetted Perimeter 318.63 ft
Top Width 318.62 ft
Depth 1.31 ft
Critical VWater Elev. 1554.32 ft
Critical Slope 0.003405 /Rt
Velocity 10.46 ft's %
Velocity Head 1.70 ft 3 mle’* / é,é
Specific Energy 1556.01 ft //En%@ £ E L a7
Froude Number 2.30 e Jﬁj 24 A‘yﬁ
RD
Full Flow Capacity 2081459  f%/s Jver )63 :

Flow is supercritical.

“t 1, 2000

¢ xB3:25

Haestad Methods, Inc. 37 Brookside Road Waterbury, CTOB708  (203) 755-1656

B-29

Fiowhdaster vd.1c
Page 1 of 1



Crozs Section
Cross Section for irregular Channel

Project Description

Project File c\fmwipadeit.fm2

WWorksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST
Flovs Element Irregular Channel

Method Manning's Fermula

Solve For Vifater Elevation

Section Data

Viitd. Mannings Coefficient 0.015
Channel Slope 0.020000 fi/ft
Water Surface Elevation 1554.31 ft
Discharge 2150.00 ft’/s

1556.0G “ams
g . §
15545 | «enmeeceeereeen] -
= H H
2 : :
= i
52 h
] :
1554.0}- e
1553.0 : f ! - : z , ;.

0.0 100.0 200.0 300.0 400.0 500.0 600.0 700.0 300.0

Station (1)

© 1, 2000
12408

Haestad Methods, Inc. 37 Brookside Rpoac  Waterbury, CT 06708  {203) 755-1666

B-3o0

FlowMaster v4.1c
Page 1 of 1



Worksheet
Worksheet for Irregular Channel

Project Description

Praoject File cifmwipadell.fm2
Woaorksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST
Fiow Element Irregular Channel
Method Manning's Formula
Solve For VWater Elevation
Input Data
Channel Slope 0.020000 ft/ft
Elevation range: 1553.00 ft to 1556.00 f.
Station (ft) Elevation (ft) Start Station End Station Roughness
0.00 1556.00 0.00 701.00 0.015

300.00 -1554.00

400.00 1553.00

540.00 1554.00

700.00 1555.50

701.00 1556.00 -
Discharge 3050.00 fofs ~—mm Q = 3 950 %
Resuits
Witd. Mannings Coefficient 0.015
Water Surface Elevation 1554 .49 Lif
Flows Area 267.80 ft?
Wetted Perimeter 365.35 ft
Top Width 365.34 ft
Depth 1.49 ft
Critical Water Elev. 1555.08 ft
Critical Slope 0.003252 f/ft
Velocity 11.38 fi/s
Velocity Head 2.02 ft %a Jﬁ/ﬂ g Enere & -LTBJ:"?Z e
Specific Energy 155650 & — 2 O / ’ .
Froude Number 2.35 iy é,{‘/na;"” Cor B 050 (=9
Full Flow Capacity 20814 .59 ft*/s ! %
Flow is supercritical. - / . / & = "Q D

Ao
st 1, 2000 Flowhaster v4.1C
.10:38 Haestad Methods, Inc. 37 Brookslde Road  Waterbury, CT 06708 (203) 755-1666 Page 1 of 1

B-3y



Worksheet
Worksheet for Irregular Channel

Project Description

Project File c:\fmw\padel1.fm2
Worksheet WEIR FLOW OVER 163RD AVE.WEST TO EAST
Flow Element Irregular Channel
Method Manning's Formula
Solve For Water Elevation
Input Data
Channel Slope 0.020000 ft/ft
Elevation range: 1553.00 ft to 1556.00 ft.
Station (ft) Elevation (ft) Start Station End Station Roughrniess
0.00 1556.00 0.00 701.00 0.615

300.00 1554.00

400.00 1553.00

540.00 1554.00

700.00 1555.50

701.00 1656.00 W
Discharge 4050.00 fo)s < — @ = 4&6 0 e&5
Results
Witd. Mannings Coefficient 0.015
Water Surface Elevation 1854.65 ft
Flow Area 331.74 ftz -
Wetted Perimeter 407.81 ft
Top Width 407.79 ft
Depth 1.65 ft
Critical Water Elev. 1555.33 ft
Critical Slope 0.003133 fi/ft ~
Velocity 1221 fifs 4 g e E G- ;d Zo C5S
Velocity Head 232 ft
Specific Energy 155697  ft— 3:4 er\“'( o ://e/r / 43 RP
Froude Number 2.39 L lrin o
Full Flow Capacity 2081459  fts e 7
Flow is supercritical. ,41/&

an 17, 2001 '
.4:28:02 Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Flw:j;r 1\/:%11::

F=2a



mIWEST Project _// 2 87 7 [/ SM.___ of
INC. o . y

Consulting Engineers 2 C/e / j/" (j 1) © Cale, By :&ff “_ _ Dete ?/?’/0/)
wichmend, California '

Scn Jese, California [~C 3 ///0 ? 9" /:2 Chkd. Date

Phcenix, Arizena

Pedention /Detenton Basin Data

JIA L

s A oF J6BRP Aye 8. 05 CAS a

LOCAT/ION s

20 50|
DR 500

TNELOwW T.D.MNO 2

OVT/~ow I,D. MO :
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/53943 4.0 I T < N ) o 0 @) 0
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_wJ! . * o " X S — e i
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23 Breakouh 7o £asF s Beryn Begms a* L, 54
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3 Vv QQ Cco f‘d EOSQI"VOIF‘ 57‘43{'138 i o ] N
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sSQ l?e cOnd Djsc/’)ar‘ge i
EQL 61 1173 2275 9071 17386 26054 3£204 36564 38755 40785
| SE E@COT‘C{ == E/e‘/a.+/077 2 |
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A common method of selecting the roughness coefficient, n, is to
first select a base value of n for the bed material (table 1). The base T
values of n are for a straight uniform channel of a given bed material.
Cross-section irregularities, channel alignment, obstructions, vegetation,
and other factors that increase roughness are accounted for by adding —
increments of roughness to the base value of n. Ranges of adjustments for i~
the factors. that may add to channel roughness are shown in table 2. 3

Many alluvial channels in Maricopa County have bed material that -
moves during floodflow. In addition to the changing channel geometry of :
these channels, the roughness coefficient may change during floodflow
because of the changing form of the channel bed in parts of the channel
cross section (Davidian, 1984). Bedforms, such as dunes, antidunes, and
plane bed have been observed during large floods. Within a few minutes,
dunes can appear, disappear, and reappear at different locations across a
large stream channel. The Manning roughness coefficient can double or
triple when the bedform changes from plane to dunes. A method of defining
reliable values of Manning’s n for unstable alluvial channels is not avail-
able. A plane bedform is common during large floods, and for this report,
plane-bed conditions are assumed where the roughness coefficient is related
to the size of the channel material and not the form of the channel bed.
Plane-bed conditions were assumed for nearly all indirect measurements of
peak discharge where the slope-area method was used.

T
502 o dh

lorsnrms
Yitez,

-y

Table 1.--Base values of Manning’s n for steble channels

[Modified from Aldridge and Garrett, 1973, table 1]

Base n values

Size of bed material

Benson and =
Dalrymple Chow f
Channel material Millimeters Inches (1967)1 (1959)2

o BRI R s n nscmsps sy Meemsmm eepemses 0.012-0.018 0.011

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

Rock cut...ooiiviiiiis meesees ecimeen el .025
Firm soil......oooiiie mmeeooe emmieonn 025~ .032 .020

Coarse sand........... A 026~ M35 emree

Fine gravel........... = ==ccoec cccmcooo emoaooooL .024
Grave 2-64 0.08-2.5 .028- .035 ----7

oooooooooooooooo

LORPEE Gravel . anvensns = memsmss  scecesses esssoie—m— .028 i}
Cobble......covvvn.... 64-256 2.5-10.0 .030- .050 ----- o

BOUTAET oo s w0 08 5 s e >256 >10.0 .040- .070 -----

o

1Straight uniform channel.
2Smoothest channel attainable in indicated material.

SOURCEESTMATED MANNING'S ROUGHNESS COEFFICIENTS_BY B.W.THOMPSEN AND HW.HJALMARSONAPRL, 1991
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- Table 2.--Adjustment factors for the determination of overall »
Manning’s n values .
[Modified from Chow, 1959]
Maming’s n
Channel conditions adjustment ! Exasple

Degree of irregularity:

Snooth 0.000 Smoothest chamnel attainsble in given bed meterial.
Ninor .001- .005 Channels with slightly eroded or scoured side slopes.

)f), Moderate .008- .010 » Channels with moderately sloughed or eroded side slopes.
Severe .011- .00 Channels with badly sloughed benks; unshaped, jagged, and

irregular surfaces of chamels in rock.

Effects of obstruction?:

Negligible .000- 004 A few scattered obstructions, which include debris deposits,
stumps, expcsed roots, logs, piers, or isolated boulders,
that occpy less than 5 percent of the cross-sectional area.

Minor .005- ,015 Obstructions occupy 5 to 15 percent of the cross-sectional
area and the spacing between obstrictions is such that the
sphere of influence sround one chstruction does rot extend
to the sphere of influence around another obstruction.

: Smaller adjustments are used for curved ssooth-surfaced
}/7?\ objects than are used for sharp-edged angular objects.
Appreciable .020- .C30 Obstructions occupy from 15 to 50 percent of the cross-

sectional ares or the spsce between obstructions is small
enough to cause the effects of several obstructions to be
additive, thereby blocking an equivalent part of a cross
section.

Severe .040- .0&0 Obstructions occupy more than 50 percent of the cross- _._':'-;.“
sectional area or the spece between obetructions is smell
enough to cause turbulence across most of the cross section. &

Vegetation:

Small .0c2- .010 Dense growths of flexible turf gress, such as Bermuds, or
weeds where the average depth of flow is at least two times
the height of the vegetation; supple tree seedlings such as
willow, cottonwood, arrow weed, or saltcedar where the

)’]j . average depth of flow is at leest three times the height of
the vegetation.

Medium .010- .025 Grass or weeds where the average depth of flow is from one
to two times the height of the vegetation; moderately dense
stemmy grass, weeds, or tree seedlings where the average
depth of flow is from two to three times the height of the
vegetation; moderately dense brush, gimiler to {- to 2-year-
old saltcedar in the dorsent sesson, along the banks and no
gignificant vegetation along the chamnel bottoms where the

hydraulic radius exceeds 2 feet.

Large .025- .050 Turf grass or weeds where the sverage depth to flow is about ™
equal to the height of vegetstion; small trees intergrown 5%
With some weeds and brush where the hydraulic radius exceeds -
/ 2 feet.
W 4

N

See footnotes st end of table.
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