TABLE 6

VELOCITY HEAD LOSS COEFFICIENTS FOR CLOSED CONDUITS

MANHOLE AT CHANGE IN PIPE DIRECTION

Description Angle Head Loss Coefficient Kj
90 1.00
60 0.80
45 0.65
Angle 30 0.50

BEND IN PIPES

Description Angle Head Loss Coefficient Kj
*900 0.80
*60° 0.60
*%450 0.50
Angle **300 0.45
ENLARGEMENTS IN PIPE SIZES WITH CONSTANT FLOW
Ratio of Upstream Diameter Head Loss
Description to Downstream Diameter Coefficient Kj
0.81 1.00
0.82 0.90
0.84 0.80
0.85 0.70
0.86 0.60
0.88 0.50
0.90 0.40
0.92 0.30

*  Only as authorized by City Engineer.

** Horizontal curves are the accepted method of construction.
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TABLE 7

ROUGHNESS COEFFICIENTS FOR OPEN CHANNELS

Maximum
Roughness Coefficient Velocity
Channel Description Minimum | Normal | Maximum | Fit/sec
MINOR NATURAL STREAMS — TYPE |I CHANNEL |
Moderately Well Defined Channel
e Grass and Weeds, Little Brush 0.025 0.030 0.033 8
» Dense Weeds, Little Brush 0.030 0.035 0.040 8
¢ Weeds, Light Brush on Banks 0.030 0.035 0.040 8
e Weeds, Heavy Brush on Banks 0.035 ¢.050 0.060 8
¢  Weeds, Dense Willows on Banks 0.040 0.060 0.080 8
Irregular Channel with Pools and
Meanders
o (rass and Weeds, Little Brush 0.030 0.036 0.042 8
e Dense Weeds, Little Brush 0.036 0.042 0.048 8
e Weeds, Light Brush on Banks 0.036 0.042 0.048 8
s  Weeds, Heavy Brush on Banks 0.042 0.060 0.072 8
* Weeds, Dense Willows on Banks 0.048 0.072 0.096 8
Flood Plain, Pasture
e Short Grass, No Brush 0.025 0.030 0.035 8
o Tall Grass, No Brush 0.030 0.035 0.050 8
Flood Plain, Cultivated
* No Crops 0.025 0.030 0.035 8
e Mature Crops 0.030 0.040 0.0650 8
Flood Plain, Uncleared
e Heavy Weeds, Light Brush 0.035 0.050 0.070 8
¢ Medium to Dense Brush 0.070 0.100 0.160 8
* Trees with Flood Stage below Branches 0.080 0.100 0.120 8

MAJOR NATURAL STREAMS - TYPE I CHANNEL

The roughness coefficient is less than that for minor stream of similar description because banks offer

less effective resistance.

e Moderately Well Defined Channel 0.025 - 0.060 8
e Irregular Channel 0.035 - 0.100 8
UNLINED VEGETATED CHANNELS - TYPE II CHANNEL

e Mowed Grass, Clay Soil 0.025 0.030 0.035 8
¢ Mowed Grass, Sandy Soil 0.025 0.030 0.035 6
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TABLE 8§

CULVERT DISCHARGE VELOCITIES

Culvert Discharges On Maximum Allowable Velocity (f.p.s.)
Earth (Sandy) 6
Earth (Clay) 3
Sodded Earth 8
Rock Gabions (Engineered) 12
Concrete 15
Shale (Lime Stone) 10
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Figure No.

VII - LIST OF FIGURES

Title

10.

11.

13.

14.

15.

16.

17.

18.

19.

Rainfall Intensity and Duration

Time of Concentration for Surface Flow

Capacity of Triangular Gutters

Capacity of Parabolic Gutter (26' and 36' Streets)

Capacity of Parabolic Gutters (44' and 48’ Streets)

Capacity of Alley Sections

Storm Drain Inlets

Recessed and Standard Curb Opening Inlet on Grade (1/4"/1' Cross Slope)

Recessed and Standard Curb Opening Inlet on Grade (3/8"/1' Cross Slope; 44' and 48'
Streets)

Recessed and Standard Curb Opening Iniet on Grade (1/2"/1' Cross Slope; 36’ Street)
Recessed and Standard Curb Opening Inlet on Grade (26' Street)

Recessed and Standard Curb Opening Inlet on Grade (10'x 12", 16' and 20’ Alleys)
Recessed and Standard Curb Opening Inlet at Low Point

Two Grade Combination Inlet on Grade

Four Grate Combination Inlet on Grade

Three Grate Inlet and Three Grate Combination Inlet on Grade

Two Grate Inlet on Grade

Four Grate Inlet on Grade

Six Grate Inlet on Grade
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Figure No.

20.
PAR
22.
23.
24.
25.
26.
27.
28.
29.

30.

Title
Combination Inlet at Low Point
Grate Inlet at Low Point
Drop Inlet at Low Point
Capacity of Circular Pipes Flowing Full
Open Channel Types
Headwater Depth for Box Culverts with Inlet Control
Headwater Depth for Concrete Pipe Culverts with Inlet Control
Head for Concrete Box Culverts Flowing Full
Head for Concrete Pipe Culverts Flowing Full

Critical Depth of Flow for Rectangular Conduits

Critical Depth of Flow for Circular Conduits
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EXAMPLE

Known: Solution:
Major Thoroughfare, Typce C Enter Graph at .5’
Pavement Width = 33" Intersect Cross Slope = %" /1’
Gutter Slope = 1.0% Intersect Gutter Slope = 1.0%
Pavement Cross Slope = 4"/1’ Read Gutter Capacity = 22 c.f.s.
Depth of Gutter Flow = .5’
Find:
Gutter Capacity
GUTTER CAPACITY IN C.F.S.
-] | 2 3 4 5 10 20 30 40- 100
7 2! ﬂ
'/ A A1
A A AL 1A
1 U 1 "1V
4 AU 4]
R " iVdRP 1
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4 /18 I/’ ¥ 4 r LY
i/ 4 y T h/‘r’ 1 | L] A H
9 o | 1A
2 ‘ /J/i o fl/ d rl/
4 B 1 1 M
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DEPTH OF GUTTER FLOW
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oEPTH OF CAPAcrrY OF
*#‘ FLew TRIANGULAR GUTTERS
SLOPT—e

FIGURE 3

Page 77



(SHLAIM 13381S ,9¢ ®©,92)
SY3ILLND 21T08VYVd
40 ALIDVIVD

MR ¥'0 —
0
0 —

490 —
90—
40—
01—

0% =

% —

s —
0’9
o't —
0’0 —
[ oy

3401S

4334 Q0! ¥3d 1334 NI

00 od

.QInD Mo 40} 'SPI (LI = O pooy

%0'€ = 8do|S 43109

OF Ui Iubloals o mouQ AT JOALd

Y} wWosd U jOAd 3y 03 Ajjoucilion

198f0id QN MO i U0 2°0 wWoLg

qin) yblH Joj '$9>0°6=0 pPOIY

% 0'€ = 9do)S JAINY

0] v ybiDJIS © MDJQ AT J0Ald

3yl woud T J0ALd Wi 0§ Ajj0u0Z{IoH

13losd qun) ybiK ayt vo 20 woiy
1uojinjos

qJny Mo jo Ajodo) J3ping
qiny ybjH o Aj20do) 494in9

e —
— T e Y

S
.IJN.O = 3VIVSK] SN
%0'C = 300[S JAHND~ —__
L€ = WIPIM  judwdang
4 0dAL Y1a0ui8 20§28110)
IUMOUY

EREL L2 &

QNCO3S ¥3d 1334 BN NI ALDVEYI

.-l.l.ll-l.l.l

|
|
|
l

iV L0AId

/

w
[1 4
>
14
=T o
ol=
£[3
0
20
3(S
A 4]
xR
fowon
- LYA XYR
oI [0'im
I 000
L 9ou -, 908
- v ON
= 90N -, ¥ 0M
D —20H
L 2OM “mn.....__“ _
'9'074
014
= e 01V o —— == 2"0
3911 RO S
"»071-
A0 >0l
-,0'0 303
.00
(801337103 N0N) (W013310)
St St 9¢
HLQM  133¥1S

Page 78



(SHLOQIM 133Y1S 8Y 9 bpb)

SY3LL1N9 JIN08vHvVd
39N3Y34410

40 ALIOVdV) _ =
E3
g
Qo
b £
*a yo— _I..O
€0 — -

’] —1'0
0o~ s
20— qQin) MOt J0) '§°J2 O°'Cl =0 poay =50
"0 %02 = edojs 21iny alb-vo
o0 —] 0} aul iybiosis o moig UM joard 2F-co - X
Ot —fin Yy wosd VYT 10Md Oyl O} A)jouoziioN Blvo _o'in [0

m 129[oud qQind Mo ey wo 90 wosgy m...l....o
m QInD ybiH 403 "$320°C = 0 poay s
4z % 0'2 = 3doj$ sauing - b= g
- o} Ut ybioNS © Mg Iu joAald sl
pad W wosd N 10Ald Y 0F Ajjouoziioy &1
01— 193fosd Qun) yBiM ayi w0 90 wouy .
® T St e T Rt ——— .
~ — 1UDIN|0S m —_— oy s b= %M
il I...l:.ll.’ l.....lv
w T=qun) mon jo Apaodo) s9png R,
o't qiny ybiy _o:aﬁaou 131409 Pley .
17 ~ pui e on o
m.-_. = — m .
] 9°0 = 0441 Jaling T~ 2o 3

. %02 = ¥0IS J34inY ~ S . -2"om
O'C =t o — - 2'0M

A PY = WP JuawaaDg ~a— : YRR
09— 3 adh) “pans so1d9(10) s —~Z S l=—==131]

N Tumouy i 01+ ‘vo1
o e (425 I
O.....“ IdAVYX3 —or : o0 -0'e
M — 8v vo

e H1QIM 133H1S

FIGURE 5

Page 79



e

18" AaLLEY b

}

ALLEY BPECTIOND

m'ALLEY

0 ALLeY

KOTE:

1. All Alley Capacities Are 24" Above

Paving Edge.

2. The Copacities Obtained Frozm This
Nooograph are Based on s Straight

CAPACITY OF ALLEY SECTIONS

Average n = 0.020

Horizontal Alignment. Curved
Alignoents Moy Result in Reduced
Capacity.

CUBSIC FERT =~ BECOND

EXAMPLE

KNOWN:
Alley widch = 10
Alley depression - 5"
Gutter Slope = 1.01

FIXD:
Gutter Flow (Q)

100 FEET

8LOFE IiN PFERT PEN

SOLUTION:
Conneet the 10° alley
section with elope =
1.0Z. Read Q =16c.[.s

Feb. 1981
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INLET AVAIL. ODESIGN
INLET DESCRIPTION INLET WHERE USED
TYPE SIZES CURVES
1 |
:, 28" LOCAL STREET, TYPE H FIGURES
I I ; \_-.. | ¢ 36 COLLECTOR STREET, TYPE F 8
0 e THROUGH
STANRQARD CURD OPENING INLET 12 2
ON GRADE 19"
«
[ﬂ—— 0 26¢° LOCAL STREET, TYM H
— * L]
IA I/ : l L 38 COLLECTOR STRECT, TYPC F SIUAE
10 ALLEY 3
STANDARD CURB OPENING INLET i
AT LOW POINT L}
® & 44’ COLLECTOR STRECY,TYPE F
__,—-—J——‘\ € 48" SECOMDARY STREET, TYPE ¢ FIGURES
- = @ === = 2-24" WAJOR STREET, TYPE O 8
10" 2-3% MAJOR STREET, TYPE C THROUGH
HECESSED CURB OPEMING INLET r 2-38" MAJOR STRELT,TYPE B ”
ON GRADE 14 2-36" MAJOR STRLET, TYPE A
o) o’ 44" COLLECTOR STALCT, TYPE F
———”J—_lx & 48’ SECONDARY STRELT, TYPL ¢
m 0 z-24" WAJOR STRELT, TYPL O FiGuRE
IIA o 2-33 MAJOR STRLET, TYPE C 13
RECESSED CURB OPEMING INLET 12 2-36° MAJOR STRLLT, TYPL O
AT LOW POINT Ty 2-3¢8" MAJOR STREET,TYPE A
I
m COMBINATION INLETS TO BE USED F'G"‘:“
1 6 wHERE SPACE BEWIND CURB -
COVBINATION INLE T N PROMIBITS OTHER INLET TYPES i
DN GRADE
——— T Arma——— .
-
e e e COMBINATION WLETS TO BE USED
. FIGURE
IIIA 6 WHERE SHACE BEMIND CuRB ok
COMBINATION INLET " PACHIBITS OTHER WLET TYPES
AT LOW POINT
2 GRATE| @maTE INLETS TO BE USZO WMIRE
v j2iz) 3 GRATE| $PACE RESTRICTIONS PRONIOIT FIGURES
a GRATE| OTHER INLET TYYPLS ON AT L0- 16,7,
'R
GRATE INLETS & GRATE| CATIONT Wit No cume. a's
v v Y Y Y L e
— o —
X A a4 4 F U A Ny OPEM CHANKELS '":”2"'
Al
DROP INLET
FIGURE T
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0 40
i - |
30 ST Lo
“. .rq,; .
[ 7 b~ o - ;
Arale E
5 Vs 21 o
20 Ay 20
# o [V
- ! AAX S
b ] /] [
t’ls A, J =
X
z ///" A
- : /{1,1, '4/
o ratVatule’a
4 ;4’!””/ o 410
'69 T P’ :‘ < 9
’
:B 3 [] /05‘4 a
- 1= b
07 p 7
& A A
-’5 ) e
]
7 : <
T '
4 Y7 i .
s RCUGHNESS COEFFICIENT n=.0175 | [
STREET 11
! /“1 WIDTH CROWN TYPE (11
3 z i3
ST ]
2 . ALL 17430R. cross Stope asd
: oo! sus
; . :
] t
2 " T r— 2
3 3 [ 5 6 g 9 10 15 20 2 o]
QUANTITY OF FLOW IN C.F.S
EXAMPLE
Kpown , Decision:
Pavement Widih = 24 I Use 1O Infet

Gutter Slope = 20 %

No Flow Remains in Gutier

Pavemen! Cross Slope = 174" /1’ 2 Use B Inlet

Gulter Flow = 4.4 cis
Find:
Length of Inlet Required (L}
Solution:
Enter Groph at 4.4 cfs
Intersect Slope = 2.0 %
Read Lj= 8.4

Intercept Only Port of Flow
Use 8 Inlet
Enter Groph at L;= 8"

iieriect Siope 2 2:0%  RECESSED AND STANDARD
= 4.2 cfs
Remoeining Guiler Flow = CURB OPENING INLET

4.4 cfs—4q.2 cfs= 0.2cfs
CAPACITY CURVES
ON GRADE

FIGURE 8
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50
40 40
%
30 130
DT el
Az . d
{' o
!;, 1
2 F T 20
o e
- £ P
u
4
wl5 P “‘ =
5 1 //
XA MAY
E ", . ’
LA Y
%0 , 2% ':/ {0
'69- b c = 5
4
x8 N 3 g rsd%siPall | 8
7]
%T ¥AAA VA 7
= 1979774 s
I .
-5 7 ROUGHNESS COEFFICIENT  n:.0I75] 15
Y STREET ]
4 ,,; P ._vla WIDTH CROWN TYPE R P
745 & [ AL 38182 cross S) :
2 : o oot C10ss Slope ]
3 r = 44' F-F 5" Porabolic i3
— F | 48'F-F 8" Porobotic ]
&4 ]
“ 1 11
¥ : :
2 4 } I
2 4 > [ ] 9 I 20 é
QUANTITY OF FLOW IN C.F.S.
EXAMPLE
Known: Decislon:
Povemen! Width = 44’ 1 Use 10" Inlet
Gutter Slope = 0.6 % No Flow Remains In Gutter
6 Porobelic Crown 2.Use 8 Inlet
Gutter Flow = 6.0 cls Intercept Qnly Port of Flow
Find: Use 8" Inlet
Length of Infal Required (L;) Enfer Groph a) Lj=8'
Sclution: Intersect Slope = 0.6%
Enter Graph at 6.0 cfs Reod Q@ = 5.2 cfs RECESSED AND STANDARD
Intersect Slope = 0.6 % Remaining Guiter Flow = 8 NLET
Read L;= 8.9 60 ¢fs —52¢cis 0.8 cls CURB OPENING |
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4
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A [
= Il 2R o
A
al!nr it ] % 4 9
x T 0
87 TIT y.oe /AV
E %
Y 77495524k ls
' il
:5 !" i 5
7 r 1 E ; 1
s } 11 t' CENE TRIN ROUGHNESS COEFFICIENT n=z.0I75 ::4
Vo4 Tt
— A STREET 1
uy 5057 =i WIDTH CROWN TYPE I
’, 0
WG 4]
) e ALt 172 8 cross Stape 3
v 4 T 36'F-F 6" Parabolic H
"I Ti
” 1
1
£l L
2 ﬁ 1 2
2 4 D [ 10 5 0 2 0
QUANTITY OF FLOW IN C.F.S,
EXAMPLE
Known: . Decislon®
Pavemen! Width = 36 t Use 1C inlet
Gytier Slope = 2% No Flow Remains [n Gutler
6" Pargbolic Crown 2.use 8 Inlet
Gutter Flow = 53 ¢cfs Iatercept Only Port of Flow
Find: Use 8 Inlet
Length of Inlal Required (L;) Enler Graph ol Lj = 8'

Solution:
Enter Graph ot 53 cfs
Intersect Slope = 2%
Read L= 8.7

[ Sl = 2%
;;:;“;: :.g'”s RECESSED AND STANDARD
Remaining Gutter Flow = CURB OPENING INLET

53cfs-4B8B¢fs=05ch
CAPACITY CURVES
ON GRADE

FiGure 10
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2 3 4 5 6 7 ) 15 0
50 50
40
g
3 e 130
¢ =
et
> y P
A 2
. & 4
20 AL A 20
- .
G A Y =
s
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w aV 7
= REK(] A A
g i lio
LOLS NENC A e 9
G
EB . 54 v 1 a
A
-ls f’, /’/’ s
1 ‘E‘: 7
- w i
s oy . 5
4 /4 ROUGHNESS COEFFICIENT n:.0175 |1,
7 ’ || 4
' bt
¥ 1| STREET | cpown TYPE
L] WIDTH |
3 —1 13
| 26 F-F 4" Parobolic
= it
2 ﬁ 2
J
2 < 7 9 10 [ 20 0
QUANTITY OF FLOW IN C.FS.
EXAMPLE
Known: Declsion:
Paovement Width = 26’ 1.Use 10 Inlet

Guiter Shpe = (%

4" Porobolic Crown

Gutter Flow = 6.0 cls
Find:

Length of Inlet Required {L;}
Solution:

Enter Graph at 6.Q cfs

Intersect Slops = 1%

Read Lj= 9.2

No Flow Remaing In Gutter

2.Use &' Injet

Intercept Only Port of Flow

Use {0 [nfet

Enter Groph ot L= 10’
Intersect Slope =1%
Read Q = 66¢cts

No Flow Remaoins in Guiter
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RECESSED AND STANDARD
CURB OPENING INLET

CAPACITY

CURVES

ON GRADE

FIGURE | |



> 3 4 g 7 f ) 0
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40 40
14
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0 A N neascly
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A O
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[ A 4
- DI AVLP
w X7 A 7
s e 5
’d Y
z AT
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39 N gy V7 - A ] v - 9
=t wys :
%‘7 -3 AT 7
P A A [
]
3g 5
e L - i RENs
4 . /. Llilla
L ROUGHNESS COEFFICIENT n= 075 RANE
7 7, - EEER
; STREET ESER
A% /s WIDTH CROWN TYPE 4
3 =3
= ALL Alley :EEE
1
i
i 1
2 2 4 5 6 CNE L) 20 3&
QUANTITY OF FLOW IN .F.5.
EXAMPLE
Known: , Decislon:
Povement Width = 16 I Use 8' Iniet

Gutter Slope = 1% Y
Povement Cross Slope = 1/4 /|
Gutter Flow = 4.4 cis
Find:
Length of Inlet Required (L)
Solution:
Enler Graph ot 4.4 ¢ls
Intersect Slope = 1%
Read Lj= 7.5

No Flow Remairs In Gutter

2.Use &' Inlet

infercept Only Port of Flow

Use 8’ Inlet

Erter Graph at L= 8’
intersect Slope = 1%
Read Q =4.75 cfs

No Flow Remains In Gulter
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CURB OPENING INLET

CAPACITY CURVES
ON GRADE
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252 3 4 5 6 78910 15 20 30 401 53 s0 7080,
7
7 7
£ Vi Y
20 J 20
FAW I
'ﬂt /1A
AU /J' /
- A A
ﬂ 15 3 7 / (1)
b =4 =i A J‘
o t 4B /
- ha/) |4 V1 9 L1
b | 4 [
w Alle b
z A
= b
=10 ]\ / 0
& T
9 o =9
e i /
2° 11117 o
u 3
. 7 A7 1 7
-4 / 4 / I
/
6 6
I, i /
S 7 ,/ { /.' 5
4 . 4
2 T 4 5 6 7890 5 20 30 40 50 60 7080
Q- QUANTITY OF FLOW IN CFS.
ROUGHNESS COEFFICIENT n = .QIT5 RECESSED AND STANDARD
STREET|  crowN TYPE CURB OPENING INLET
WIDTH CAPACITY CURVES
ALL Streight end Porobalic AT LOW POINT

EXAMPLE

Known: Solution:
Quantity of Flow = 16.0cf.s. Enter Graph ot 16.0 cls.
Moximum Depth of Flow Desired infersect yo = 0.4°
in Gutter At tow Point (ye) =0.4' Read Lj = 9.2'

Find: Use 10" Mnlet

Lengih of Inlet Required (L;)

FIGURE
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EXAMPLE

Known : Solution:
Quantity of Flow = 10.0c.f s, Enter Graph at 100c.f.3,
Gutter Stope = 0.6 % intersect Slope = 0.6%
. Reod Percent of Flow
Find: intercepted = 62 %
Capocity of Twe Groie Combinagtion 62% of 0.0cEs = 6.2 ci.s.
Inlet

as Copocity of Two Grale
Combination Inlet .
Remaining Gutter Flow =
10.0 cts— 6.2cls. = 3.8cls.

B, Qo“
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@‘%‘ &’ <1 'a}o
)q. ,p’_
L. P l tld
2 11 <11
%G T o
» 3 N"' <t
Al 4 ) A~ B | L1
XA k L1 L N LTI @
LA 41 o 4‘ LT “ G
Py //’ d ;‘!""- bjo \’(? r
P LT ><' L i \__--'\
/’ d o o LY
1111 r<J1P LT el
Lt ‘,4" .y y _,.Uﬁ
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1 // E:/’ﬂﬂ />'§:f il \
4 / - S ’ C 1
£ T | - A"
N P >.¢" re \
1 a4 49
",u§/ ’ﬂ' 3"‘ j"—- )¢ ,‘
‘_——! | L // /f >‘"_—
o-}’ _ﬂ“ /I’ e \
%’ -}" -n"/ //”
-
-'E"— .."//>< j
e, | LK L]
.
% 214 < L} _u{"”
o A N f‘ L] \
.\ /* ”‘\
1/5,&
T N u
I 2 3 4 3 6 7 8% 15 20 0 40 850 &0

QUANTITY OF FLOW IN C.FS.

TWO GRATE COMBINATION INLET
CAPACITY CURVES
ON GRADE

FIGURE |4
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EXAMPLE

Known: Solution:
Quantity of Flow = 6.0c.f,s. Enter Graph ot 6.0c.f.s.
Gutter Slope = 1.0% Intersect Slope = 1.0%
Find: Read Percent of Flow
Inlercepied = 79%
Copacity of Four Grote Combinotion 79% of 6.0cfs = 4.7 cfs.
Inlet

os Capacity of Four Grale
Combination Inlet

Remacining Gutier Flow =
6.0 cts.~4.7¢cfs. = 1.3cfs

al Lo’n
-
£ % L\
qb /)<.6“°
(4'! 6 4"‘" // -
'6‘ N\ "ﬂ" '/ L) l=
I(‘ -"' /‘/
9 4\ q" d N g“" / ‘L‘Io
4 d = e A 3
Q) OP'" !>‘// e \._:.!"r </
=11 L
#" ’></ "’—-‘“‘_u ’\ ]o
/” » > LT /-"‘a“
e L TR o1 dey
N,x/ =~ \"n"‘ ’,f “,— ,(‘ L3
> ’ﬂ' : q » “_-l—
// ”a"’ ,4""- =
-l
// <'-._>€f ’/"
el L T
/>'-- :.‘:"u'L”__,_—C h P
L~ = ::I-
>‘<>‘ LT
e,
-
L1
" /
//
! 4 3 & 7 8 910 15 20 30 40 50 60

QUANTITY OF FLOW IN C.FS.

FOUR GRATE COMBINATION INLET
CAPACITY CURVES
ON GRADE

FIGURE |D
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EXAMPLE

Known: Solution:
Quantity of Flow = B.0c.f.s. Enter Groph at 8.0 c.i.s.
Guiter Siope = 0.4% Intersect Slope = 0.4%
Find: Read Percent of Flow
’ intercepted = 74 %
Capocity of Three Groie Inlet 74% of B.0cfs =5.9cfs.

as Capacity of Three Grate Inlet
Remaining Guiler Flow =
80cfs.—59cts.=2.1cdls.

q°!
/L‘_‘,
A“r?o /.6'
y/ | o Jlo
(R o ,';[
'1’06.0 Bt
P A [, » <
4 -3 "’ ‘I?,
10 0
’>*’ ’/ o
’ u
’ /”’f”*: 4]
-
6L AT DK
><\ //"' A"
// P |1~
//j>< ”—
1 |~ pPg //
T 11 T
AN <>f” L1 _::-
K </ ‘;>'<;< 11l
></<’a
L //>
EAN §’<.
O% J
1
"/” h i
=g
! 4 % & T 8910 15 20 3D 40 50 60

QUANTITY OF FLOW IN C.ES.

THREE GRATE INLET AND
THREE GRATE COMBINATION INLET
CAPACITY CURVES
ON GRADE

FIGURE |6
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EXAMPLE
Known:

Quontity of Flow = 6.0 c.i.5.
Gutter Slope = [.0%

Find:
Capacity of Two Grote Inlet

Solution:

Enter Graph of 6.0 ¢.1.5.
Intersect Slope = 1.0%

Read Percent of Flow
intercepted = 66%

66% of 6.0c.fs =4.0c.ts.
os Capacity of Two Grete Inlet
Remaining Gutter Flow =
6.0cfs.-4.0cfls =2.0cts.

P k: o™
R  off
2 (> N 1]
11\4:\ ‘b\ -"“‘ 4 2
%\ ‘k"‘" """
I AT *\
ﬂ’ % ” ’>’ LT
g -l f" \ n’_i ?
9 ¥ L] d Tk LT 8
* M y L] L G c'?'i.
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LT N&- AT LUATN (LN
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LA LA > o » A
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it A1 Q
i -L!.' _—!'/ ‘//”
B | NI | 4
%) [ LT ot T
% [N
Bttty A
d :
I 2 3 4 5 6 7 BS IO 15 20 30 40 S0 60
QUANTITY OF FLOW IN C.ES.
TWO GRATE INLET
CAPACITY CURVES
ON GRADE
FIGURE |7
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EXAMPLE

Known: Solution:
Quontity of Flow = 6.0 c.f.s. Enter Graph at 6.0 c.fs.
Gutter Siope = 1,0% Intersect Slope = 1.0%
Find: Read Percant of Flow
. Intercepied = 77 %
Copacity of Four Grafe Inlet 77% of 6.0 c.fs. = 4.6cls.

as Capocity of Four Grote Inlet
Remalning Gutter Flow =
6.0cts - 46¢cts.=1.49 cfs.

I
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QUANTITY OF FLOW IN C.ES.

FOUR GRATE INLET
CAPACITY CURVES
ON GRADE

FIGURE |8
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EXAMPLE

Known: Solution:
Quaontity of Flow = 6.0 c.l.s. Enter Graph ot 6.0 c.f.s.
Guiter Slope = |.0% Intersect Slope = 1.0%
Find: Reod Percent of Flow
Iintercepled = B2 %
Copacity of Six Grole Inlet 82% of 6.0¢cts.=4.9cls.

as Capacity of Six Grate Inlet
Remaining Guttar Fliow =
6.0cts.~-49cfs. =1 1cfs.
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QUANTITY OF FLOW IN C.FS.

SIX GRATE INLET
CAPACITY CURVES
ON GRADE

FIGURE |9

Page 93



EXAMPLE

Known: Solution:
Quaniity of Flow =250cts. Enler Graph at 250c.f.5.
Maximum Depth of Flow Desired Intersect yo =.0.5'
At Low Point (yo) = 0.5 Reod Lj =10.4

Find: Use 12" Infet

Length of Inlet Required {Lj)

252 3 4 5 6 78910 15 20 30 40 50 60 7080
V4

Li—= LENGTH OF INLET IN FEET

T 25
A / y
20 L / 20
Y '/[ /
A
i / //
15 +V 15
i/
;‘lu/ A 1 fr /
u(/l ‘? - {% f /
J L ':’/ F .
10 / A L 0
y G
9 AT s
8 i 4 8
A / y
7 /‘ / y y
6 // 4 it 6
A LA
5 A1 - 5
a i1 Z 4
2 3 4 5 6 788310 5 20 30 40 50 60 7080
Q- QUANTITY OF FLOW IN CFS.
ROUGHNESS COEFFICIENT n =.0I75
STREET | coown TYPE COMBINATION INLET
CAPACITY CURVES
ALL Siraight and Porabolic AT LOW POINT
Ficure 20
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o7

06

05

Q
B

o
v

DEPgH OF FLOW IN FEET
Y

ol

EXAMPLE

Known: Solution;
Quantity of Flaw = 4.3 c.f.3. Enter Groph at 4.3 c.1s,
Maximum Depth of Flow Desired Intersect 3- Grate ot 0.23'
ot Low Point = 0.3' Intersect 2- Grate at 0.5('
Find: Use 3-Grate

Inlet Required

2 3 4 5 6 7 8 9 10 l507
'] / '
7 / f
0.6
/ / /
/ / /
—t7 >, 7 05
.f' Iﬁ r 4
y 4 r i F 4
l’ i ’I 0_4
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g i
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= = 03
7
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7
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4
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'il 7 0.2
/
Y ] | A
4 i /
1 y
/
/ i 4
/ ; /
4 / /
/ 0.1
2 3 4 5 [ 7 8 9 10 15

Q- QUANTITY OF FLOW IN C.ES.

GRATE INLET
CAPACITY CURVES
AT LOW POINT

FIGURE 21
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EXAMPLE

Known: Solution:
Quontity of Flow =14.0cfs. Enter Groph ot 14.0 c.f.s.
Moximum Depth of Flow Desiced Intersect yo = 0.6’
(ys) 0.6’ Reod tj = 109'

Find: Use 12 of Inlet; 3X 3

Lengih of Inlet Opening Required {L;}

| 2 3 4 S 6 78910 15 20 30 40
25 7 1174 7‘25
/ F
A 1§ A
20 / ‘ 0/ £ 20
- 4 / y i
3 y
(TS bl_l y !/ y (f l' a'vq
< 15
- ls L] / - “,A / /
g 0. wARREY 4 /
— i y
& / v .‘)/ 3 /, / i/ X3
o f Ny /] k4 1]/ /
(@] B = H
/ y P c'/(;f '
Ko y ; v i) 10
é / A TALbSE
=9 tf 9
L / Y i S
; 8 / ‘p , V"" 82X2
/ 117
b7 / // 4 V/ 7 A 7
2 1 I AVl
r ' 4 A )il
ry /
)4 b
S 7 7 5
5 = A= e
4 - T - 71 n A 4
| 2 3 4 5 6 78910 15 20 30 40
Q - QUANTITY OF FLOW IN C.FS.
Standard Drop Inlet Sizes: DROP INLET
Cr LI CAPACITY CURVES
%3, Li=12
4'%4'; Li=I6' AT LOW POINT
FIGURE 22
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CREEKS MAY REMAIN IN OPEN NATURAL CONDITION IF:

{1} THEY COMPLY WITH THE SUBDIVISION ORDINANCE;
{2) TREE COVERAGE IS ADEQUATE TO BE ACCEPTABLE TO THE CITY
{3) UNSANITARY OR UNACCEPTABLE DRAINAGE CONDITIONS DO NOT EXIST IN THE

CREEK;
{4) APPROVED BY THE CITY
NONENCROACHMENT
LIRIT OF DRAINAGE AND EASEMENT
1 STREET FLOODWAY EASEMENT 10° MW,
10 . FREEBOAND
A MIKIMUM {rLaND CUITERIA MININUN ¢
Qo= ==} ] ¢_DE3IGN w.§,
18° IF STEEPER
THAN 304

UNIMPROVED CHANNEL
TYPE I - MATURAL

TYPE III - LINED

NOTFE: TYPE I OR II - IF STEEPER THAN 3:1 SLOPE ABOVE DESIGN W.S., THE NON-ENCROACHMENT ESMT.
SHALL BE 15 FEET WIDE TO PROVIDE A STABLE ACCESS ESMT., IF ACCESS HAS NOT OTHERWISE BEEN

PROVIDED.

NOTE: A PARALLEL STREET IS RECOMMENDED ON AT LEAST QNE NOTE: NO ENCROACHMENTS SHALL BE
SIDE OF TYPE I CHANNELS IF THE DRAINAGE AND PERMITTED IN ACCESS
FLOODWAY IS DEDICATED TQ PUBLIC USE. EASEMENTS.

WONEHCRADACHMENT NON ENCROACHMENT

CASCMENT EASEMENT

110" MIN. LIMIT OF OR AIN AGE ANO FLOODWAY EASEMENT 10° MIN.

"TMINIMUM FREEBOARD
] <t "DESIGN W.5.(PLANG CRITERIA)
W,,_ Ea————————— i lECGHH[HDEO__J/I
ACCESS ACCESS Y
-IP STEEPER THAN 4{ EAJEMENT G M TOFRORAINAD ERAND EASENENT ZOMMENQED SLOPE UNLESS
REQUIRES 18° EsmT, [LE—10 £L900wAY EAIEMENT 10 Win

PROVED BY CITY ENBINEER

1" MIN FAEEROARG
IF CONC. PILOT CHA \ IF REOUIREO FOR EROSION
TRAPEZOIOAL, VEE e e R ACCESS DUE TO LACK OF
TO THE CITY ENGINE N m—— iTs
. uAX, 4 10°

FLAT BOTTOM {MIN,

AECOMMENDED BAXIMY M

"M, )
7 20'0R WIDER-
FLAT 1F LE3A3S THAN 20'wiDE

CONCRETE

TYPICAL

WHEN CHANNEL IS DESIGNED USING PEAK DISCHARGE FLOWS
FROM THE FLOOD INSURANCE STUDY, FREEBOARD MAY BE
DELETED.

OPEN CHANNEL TYPES
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NOTE:

NOTF:

100" YEAR $TORM WATEN JURFACE ¥

OPEN CHASNNEL WITH PILOT PIPE
ALTERNATIVE TYPE I

/.——-—_
_-———-——-——.——_—../

Bank slopes and non-cacroachment easement requirements sume as for Type 11,

PIPE SIZED TO CAAAY MINIMUM
5 YEAR STOAM.
MIHIMUMN SIZE ~ 18" O

There are conditions due to the excessive capacity of the open diteh
section vhere a pilot pipe varcving less than a five-year storm may
be used {f approved by the City Engincer.

ALTERNATE OPEN
CHANNEL TYPE I

FIGURE 24(B)
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Wingwall

Fiere
12 2 Angle ENTRANCE TYPE
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\ 1 HW/0Q Foc Entrence S . s | s
- Type I. For Volues of :
1 Entronce Type 2ond 3 5
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BURLAu OF PUBLIC *OADS Jan 9]

ENTRANCE TYPE

HEADWATER DEPTH FOR
CONCRETE PIPE CULVERTS

(- 180 10,000
e S ) e | 5 [saace]
L . or — ] [
;- 156 -~ 6,000 3 =6,
- 144 [~ 3,000 - u, s
a2 - 4,000 [ ENTR. ENTRANCE -6 | - 5
[ - 3.000 TYPE CESCRIPTION [ o - 4 .
- 120 o Spigot End With . N F
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Rl s Bell End With [ ¥ L
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N sect HW/D For Enfronce Typs I.
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3000

- 4000 EXAMPLE

3000 Droaw o Straight Line Through Known

5 Value of Area of Box, Length of Box,

[ ond Kg to Infersact Pivol Line. From

2000 Pivot Line Drow a Stroght Line

o Through The Known Vaolue Q fo Infer-

- soct Head, H in Feel.

s 1212 -4

- 1000 R L

- 3

EOOO 10X10 —:mom &

s L ao W "
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FIGURE 27
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SURIAY OF mULC mOAlS AR MRS

- 2000
3 EXAMPLE
[ Drow @ Siraight Line Through Known 4
[ Volus of Diometer of Pipe, Length of
-~ 1000 Plpe, and Ky 10 Inlersect Pivol Ling. 5
- From Pivel Line Draw o Sivaight Line A
:’“ ~120 Through The Known Volis O fo Infer-
C o8 sect Heod, H in Fesl
'_-‘00 e
- 500 =1 o
- ‘.9 lo
~ 400 | a4 -
- 300 - 12
[ B -
- 200 - 0 wi?
o b w
“ _ - 54 _ =
2T G aptfes — -— - I
st | -~ a
= 100 Z 702 <
BF 00" = £
= - 80 -
zr Sl J
w80 &3 s
o ek : 30
- 40 - o
X aFe?
10
- 30 Lu
[ 50 - 21
i 18
X l!nn. 20
L -
-
10 —13 o
- 3
=1
- -1
-3
» HEAD FOR

CONCRETE PIPE CULVERTS
FLOWING FULL

n=0.012
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EXAMPLE
Known:

Discharge = 200 c.i.s.

Width of Conduit = 5

Solution:
Enter Groph ot Q/B = 40
‘Interse¢t Critical Depth

Q/B = 40 at 3.7
? Find:
Critical Depth
S 6 7 8910 20 30 40 S50 60 80 100 150 200 250
|3 I5
-
0 10
9 E: 9
8 - 8
|_ o
i B 7
il v 6
z?® 5
rd
x4 T 4
& &
53 :
/
= rd
<
o pd
E 2 - ' 3 2
o /
(& ]
/”’
L
L
A
| I
09 09
08 0.8
07 07
06 ‘ 0.6
S 6 7 8910 20 30 40 S060 BO 100 150 200 250

Q/8

CRITICAL DEPTH

OF FLOW FOR
RECTANGULAR CONDUITS

FIGURE 29
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— 120

— 114
= 108
- 102
= 96

— 30
— B4

b T8

— T2

b— 48

— 42

- 36

— 33

PIPE DIAMETER IN INCHES

= 30

- 27

— 24

— 21

— 15

TEXAS HMKWAY DEPARTEENT

DISCHARGE IN CuBiC FEE"/PER SECOND

3000

2000

1000

500
400

300

200

100

40
30

20

EXAMPLE

Knowh:
Pips Digmgler * 66"
Dischorgs = 100 ct s

Find:
Critical Depth

Solution
Drow o Strgight Line
Thraugh Known Volues
of Pips Diometer ond
Diacharge Reod dc/0+
0.3%Q
de166%.5133"

/
/

"c:/o'/ RATIO

l L] T T T l T ¥ & ¥ I T [I_l]'..l"r]"llT'lllll'll"]'l'lllllll

0.99

0.90

0.80

0.70

Wﬁm—j

0.60

0.50

0.40

0.30

0.20

dc = Critical Depth of Fiow in Inches

D = Pipe Diometer in Inches

CRITICAL DEPTH OF FLOW

FOR

CIRCULAR CONDUITS
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VIII. - LIST OF FORMS

Form

A. Storm Water Runoff Calculations
B. Inlet Design Calculations

C. Storm Sewer Calculations

D. Water Surface Profile Calculations
E. Open Channel Calculations

F. Hydraulic Design of Culverts

G. Bridge Design Calculations

NOTE: A copy of each applicable form must be submitted with the drainage plans to the City to

review. Final plans must include these forms in the drainage plans.
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STORM WATER RUNOFF CALCULATIONS - FORM "A"

Column 1 Location of the drainage structure for which the runoff calculation is being

made or a design point on an open channel.

Columns 2 thru 6 are to be used in calculating runoff by the Rational Method.

Column 2 Obtained from TABLE 1, or FIGURE 2

Column 3 Using the appropriate Design Storm Frequency, and the Time of Concentration

in Column 2, the Intensity is obtained from FIGURE I,

Column 4 Size of the drainage area tributary to the point of design shown in Column 1.

Column 5§ Taken from TABLE 1 and is a weighted composite value if several different

zoning districts fall within the drainage area.

Column 6 Column 3 multiplied by Columns 4 and 5.

Columns 7 thru 19 are to be used in calculating runoff by the Unit Hydrograph Method.

Column 7 Taken from TABLE 2.

Column 8 Measured distance along the stream course from the upper-most limit of the

drainage area to the point of design shown in Column 1.

Column 9 Measured distance along the stream course from the point of design shown in

Column 1 to the measured center of gravity of the drainage area.

Column 10 A computed value using the values shown in Columns 7, 8 and 9.
Column 11 Taken from TABLE 2.
Column 12 Column 11 divided by Column 10.
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Column

Column

Column

Column

Column

Column

Column

Column

13

14

15

16
17

18

19

20

Size of the drainage area tributary to the plant of design shown in Column 1.

Column 12 multiplied by Column 13.

Using the appropriate Design Storm Frequency and a duration of two hours,
this value is obtained from FIGURE 1.

Obtained by multiplying the value in Column 15 times two.
Constant value of 1.11 inches for the Farmersville

geographic area.

Result of subtracting Column 17 from Column 16.

Column 14 multiplied by Column 18.

The flow used for design depends on the size of the drainage area. If the size of
the drainage area is less than 600 acres, Qr should be entered. If the drainage area
is larger than 600 acres and smaller than 1200 acres, the larger of the two flows
(Qr and Qu) should be entered. If the drainage area is larger than 1200 acres, Qu

should be entered.
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Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

Column 12

Column 13

Column 14

INLET DESIGN CALCULATIONS - FORM "B"

Drainage subbasin area designation.

Design Storm Frequency is same as the Design Storm Frequency of the storm sewer.

Time of concentration for each inlet is taken from TABLE 1, or FIGURE 2.

Using the time of concentration and the Design Storm Frequency, rainfall intensity is
taken from FIGURE

Runoff Coefficient is taken from TABLE 1 according to the zoning of the drainage
area.

Area drained by the specific inlet. Care should be taken to keep the drainage area flow
separate into the appropriate street gutters.

Product of Column 4 multiplied by Columns 5 and 6.

Inlet number or designation. The first inlet shown is the most upstream.

Construction plan station of the inlet.

If there is any flow that was not fully intercepted by an upstream inlet. it should be

entered here.

Sum of columns 7 and 10.

Gutter flow depth.

Roughness coefficient. Use a value of n = 0.0175

Street gutter slope to be used in selecting the proper size inlet.
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Column 15

Column 16

Column 17

Column 18

Column 19

Column 20

Column 21

Column 22

Crown type of the street on which the inlet is located.

Crown slope as determined by crown type.

Capacity of the street gutter, in which the inlet is located, from either FIGURES 3, 4,
5 or 6. The total gutter flow shown in Column 11 is in excess of the value in Column
17 the inlet should be moved upstream. If it is substantially less than the value in
Column 17, an investigation should be made to see if the inlet could be moved

downstream.

Calculated using Columns 11 and 12 and FIGURES 8 thru 22.

Selected size of the inlet taken from COLUMN 18.

Inlet type taken from FIGURE 7.
Calculated using values from Columns 12, 15 and FIGURES 8-22.
If the selected inlet does not intercept all of the gutter flow, the difference between the

two values should be entered here and in Column 10 of the inlet that will intercept the

flow.
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Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

Column 12

Column 13

STORM SEWER CALCULATIONS - FORM "C"

Upstream station of the section of conduit being designed. Normally, this would be the

point of a change in quantity of flow, such as an inlet, or a change in grade.
Downstream station of the section of conduit being designed.
Distance in feet between the upstream and downstream stations.

Drainage sub-area designation from which flow enters the conduit at the upstream

station.
Area in acres of the drainage sub-area entering the conduit.

Runoff coefficient, obtained from TABLE I, based on the characteristics of the

subdrainage area.
Column 5 multiplied by Column 6.

Obtained by adding the value shown in Column 7 to the value shown immediately

above in Column 8.

This time in minutes is transposed from Column 19 on the previous line of calculations.
The original time shall be equal to the time of concentration as shown on TABLE | or

FIGURE 2, whichever value has been used.
Design Storm Frequency.

Using the time at the upstream station shown in Column 9 and the Design Storm

Frequency shown in Column 10, this value is taken from FIGURE 1.

Column 8 multiplied by Column 11.

Roughness coefficient for Manning’s formula from TABLE 5.
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Column 14

Column 15

Column 16

Column 17

Column 18

Column 19

Column 20

Column 21

Column 22

Column 23

Column 24

Column 25

Column 26

Designed pipe slopes with minimum values selected from TABLE 3.
Pipe diameter required based on values from Column 12, 13 & 14.

Utilizing the values in Columns 12 and 17, a conduit size should be selected. In the
case of concrete pipe, FIGURE 23 may be used.

This slope should be computed from the profile of the ground surface. Normally, the
hydraulic gradient will have a slope approximately the same as the proposed conduit

and will be located above the inside crown of the conduit.

Calculated using the values in Columns 13, 14 and 16.

Velocity in the selected conduit based on the values in Columns 12, 16 and 17.

Taken from FIGURE 23 for concrete pipe.

Calculated using value from Column 19.

Calculated using Column 3 and Column 17.

Head loss coefficient is selected from Table 6.

Calculation is made utilizing appropriate equations from section 2.26.

Calculation is based on the values of Columns 3 and 19.

Sum of Columns 9 and 24.

Special design comments may be entered here.
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Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

Column 12

Column 13

Column 14

WATER SURFACE PROFILE CALCULATIONS - FORM "D"

At each point where a water surface elevation is desired, a cross section must be
obtained. The sections are numbered and subdivided according to the assigned

roughness coefficient.

Known or assumed water surface elevation at the particular section.

Distance along the channel between sections.

Area of sub-section calculated from plotted cross sections.

Wetted perimeter of each sub-section exclusive of the water interfaces between

adjacent sub-sections.

Column 4 divided by Column 5. (Hydraulic Radius)

Column 6 raised to 2/3 power.

Roughness coefficient for Manning's formula from TABLE 7.

Column 4 multiplied by 1.486 and the product divided by Column 8.

Column 9 multiplied by Column 7.

The total flow shown in the upper left of the calculation form divided by Column 10
and squared, which is the friction slope.

Average friction slope between sections.

Column 12 multiplied by Column 3,

Flow in each individual sub-section. Varies directly with the conveyance
factor shown in Column 10. The sum of the values must equal the total flow.

Page 116



Column

Column

Column

Column

Column

Column

Column

Column

15

16

17

18

19

20

21

22

Column 14 divided by Column 4,

Column 15 squared.

Column 16 multiplied by Column 14.

Sum of the values in Column 17 of a particular section divided by twice the

acceleration of gravity and multiplied by the total flow.

Algebraic difference in velocity heads between sections.

Eddy losses are calculated as 10 percent of the value of Column 19 when such value is

positive and 50 percent of the absolute value of Column 19 when such value is negative.

Sum of Column 13, Column 19 and Column 20,

The sum of the value shown in Column 2 for the previous section and the value in
Column 21. If the elevations calculated for subsequent sections do not agree within a
reasonable limit with the assumed elevations shown in Column 2 for that particular
section, then the assumed elevations for such section must be revised and the section
properties recomputed until the desired accuracy is obtained. An accuracy of +0.3 feet

is considered a reasonable limit.
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Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

10

11

12

13

14

15

16

OPEN CHANNEL CALCULATIONS - FORM "E"

Downstream limit of the section of channel under consideration.

Upstream limit of the section of channel under consideration.

Type of channel as shown in FIGURE 24 is entered here.

Flow in the section of channel under consideration.

Roughness coefficient of the channel cross-section taken from TABLE 7.

Slope of the channel that is most often parallel to slope of the hydraulic gradient.

Square root of Column 6.

Calculation is made using the values in Columns 4, 5 and 7.

Assumed width of the bottom width of the channel.

Assumed depth of flow.

Assumed slope of the sides of the channel.

Areas of flow that are calculated based on Columns 9, 10 and 1.

Wetted perimeter calculated from Columns 9, 10 and 11.

Value is calculated from Columns 12 and 13.

Column 14 raised to 2/3 power.

Product of Column 13 times Column 15,
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When the value of Column 16 equals the value of Column 8 the channel has been adequately sized. When the
value of Column 16 exceeds the value of Column 8 by more than five percent then the channel width or depth

should be decreased and another trial section analyzed.

Column 17 Calculation is based on the values of Columns 4 and 12.
Column 18 Calculation is based on Column 17.
Column 19 Remarks concerning the channel section analyzed may be entered.

NOTE: Form "E" should be used only to size open channels. Form "D" should be used to calculate stream

profile.
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HYDRAULIC DESIGN OF CULVERTS, FORM "F"

Columns 1 through 10 deal with selection of trial culvert size and are explained as follows:
Column 1 Total design discharge, Q, passing through the culvert divided by the allowable
maximum velocity gives trial total area of culvert opening.

Column 2 Culvert width should be reasonably close to the channel bottom width, W,
downstream of the culvert.

Column 3 Lower range for choosing culvert depth is trial area of culvert opening, Column 1,
divided by channel width, Column 2.

Column 4 Allowable headwater obtained from FORM Fe.

Column 5 Trial depth, D, of culvert corresponding to available standard sizes and between the
numerical values of Columns 10 and 12.

Columns 6, 7 and 8 are solved simultaneously based on providing a total area equivalent to the trial area of
opening in Column [.

Column 6 Number of culvert openings.

Column 7 [nside width of one opening.

Column 8 Inside depth of one opening if culvert is box structure or diameter if culvert is pipe.
Column 9% Column 6 multiplied by Column 7 and Column 8.

Column 10 Total discharge divided by number of openings shown in Column 6.

Columns 11 through 15 (Inlet Control) and 16 through 27 (Outlet Control) deal with Headwater Calculations
which verify hydraulics of trial culvert selected and are explained as follows:

Column 11 Obtained from FORM Fs.

Column 12 When the allowable headwater is equal to or less than the value in Column 8, enter
Case 1. When the allowable headwater is morethan the value in Column 8, enter Case
L.
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Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

Column

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

Column 10 divided by Column 7.
Obtained from FIGURE 25 for box culvens or FIGURE 26 for pipe culverts.
Column 14 multiplied by Column 8.

Obtained from FORM Fb.

Obtained from FIGURE 27 for box culverts and FIGURE 28 for pipe culverts.
Tailwater depth obtained from FORM Fu.

So, culvert slope, multiplied by culvert length, L, both obtained from FORM Fo.
Sum of Columns 17 and 18 minus Column 19.

Obtained from FIGURE 27 for box culverts and FIGURE 28 for pipe culverts.

Critical depth obtained from FIGURE 29 for box culverts and FIGURE 30 for pipe
culverts.

Sum of Columns 22 and 8 divided by two.

Tailwater depth obtained from FORM Fe.

Enter the larger of the two values shown in Column 23 or Column 24,
Previously calculated in Column 19 and may be transposed.

The sum of Columns 21 and 25 minus Column 26.

Enter the larger of the values from Column 15, Column 20 or Column 27. This
determines the controlling hydraulic conditions of the particular size culvert
investigated.

When the Engineer is satisfied with the hydraulic investigations of various culverts
and has determined which would be the most economical selection, the description
should be entered.
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SUPPLEMENTAL FORM "F,"

USED TO DETERMINE VALUES IN FORM "Fy"

Culvert Location:

This is a word description of the physical location.

Length:

The actual length of the culvert.

Total Discharge, QT:

This is the flow computed on FORM "A".

Design Storm Frequency:

Obtained from TABLE | and used on FORM "A".

Roughness Coefficient, n:

Obtained from TABLE 35,

Maximum Velocity:

Obtained from TABLE 4.

Tailwater:

This is the design depth of water in the downstream channel and is
obtained in connection with the channel design performed on FORM "D"
or FORM "E".

D. S. Channel Width:

This is the bottom width of the downstream channel obtained from the
calculations on FORM "E". The culvert should be sized to approximate
this width whenever possible.

Entrance Description:

This is a listing of the actual condition as shown in the "Culvert
Entrance Data" shown on the calculation sheet.

Roadway Elevation:

The elevation of the top of curb at the upstream end of culvert.

U. S. Culvert F. L.

The flow line of the culvert at the upstream end.

Difference:

The difference in elevations of the roadway and the upstream flow line.

Required Freeboard:

The vertical distance required for safety between the upstream design
water surface and the roadway elevation or such other requirements that
may occur because of particular physical conditions.

Allowable Headwater:

This is obtained by subtracting the freeboard from the difference shown
immediately above.

D.S. Culvert F.L.

The flow line elevation of the downstream end of the culvert.

Culvert Slope, So:

This is the physical slope of the structure calculated as indicated.
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Column 1

Column 2

Column 3

Column 4

Column 5

Column 6

Column 7

Column 8

Column 9

Column 10

Column 11

BRIDGE DESIGN CALCULATIONS - FORM "G"

QObtained from FORM A.
Obtained from FORM A.

Depth of flow in downstream channel.

Assume an average velocity that is less than the maximum allowable velocity and more
than 4 feet per second. Maximum velocities are equal to those specified for open

channels.

Total flow thru bridge divided by Column 4.

Column 5 divided by Column 3.

Selected bridge length utilizing standard span lengths.

Calculated from bridge and channel geometrics.

Total flow through bridge divided by Column 8.

Selected head loss coefficient based upon specific conditions.

Calculated utilizing values in Columns 8 and 9
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CITY OF FARMERSVILLE

Farmersville
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FOR THE DESIGN OF
WATER AND SANITARY SEWER LINES
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I - GENERAL

This manual is intended to aid and assist private engineers in the layout and design of sanitary sewers
and water lines to definite standards and to obtain uniformity in the plans. It is recognized that each
addition has its individual challenges and that no fixed rules will apply to all cases; therefore, final
acceptance of all or any part of any plan’s rests with the City Engineer or authorized representative of

the City of Farmersville.

A.  Submittal: On completion of the plan and preliminary engineering of a subdivision, it will be to
your advantage to bring or send two copies along with a contour map and preliminary water and
sewer layout to the City, whereby a check can be made as to the general layout and availability
of water and sewer. If problems arise as to the availability of water and sewer, it may be

necessary to have a meeting with the developer and discuss the problems.

B.  Preliminary Check: When the engineering plans are complete, submit three sets of legible prints.

Every attempt will be made to review plans within three weeks.

C.  Final Check: When the plans are returned to you afier preliminary check, the final plans must be

submitted with the marked-up set. Three sets of legible prints will need to be submitted.
D.  Final Approval of Plans: Before you request approval of the plans, check the following:

1)  The plans must be complete and correct.

2)  The approved plat must have been submitted.

3)  The street grades and storm sewer plans must have been submitted and approved.

4)  The plans must be signed and sealed by a Professional Engincer licensed in the State of

Texas, who is responsible for the design.

5)  All fees and other monies due must be paid in full.

6) Contractor's insurance must be in correct form.
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7)  Three sets of complete engineering plans are required for City use. There should be
additional approved plans available for Contractors and Engineering Consultants use
during construction of the improvements. The City Representative will only recognize

those plans with the "approved" stamp.

8)  Upon completion of construction and prior to acceptance of that construction by the City,
one set of mylars and one set of prints of the record drawings must be submitted to the
City.

All work and materials shall be in accordance with the latest editions of the C ity of Farmersville
Design Manuals, Ordinances, Standard Construction Details, Standard Specifications, and the
North Central Texas Council of Governments (NCTCQG) Public Works Construction
Standards. Should a conflict be found between the two publications, the City of Farmersville

Design Manuals, Ordinances and Standards shall take precedence.

In the event that an item is not covered by the City of Farmersville Design Manuals, Ordinances,
or Standards; the NCTCOG Public Works Construction Standards shall apply. Notification in
writing by the contractor shall be made to the engineer of record, City inspector and the City of
the issue. The City of Farmersville shall make the final decision regarding all construction
materials, methods, and procedures specified in construction plans, Reference to all documents
contained in the project specifications shall refer to the latest edition of each document or the

version adopted by the City Council.

Special Provisions are City of Farmersville Special Provisions to the Specifications.

Inspection of construction activities shall be conducted by staff of the City of Farmersville under
direction of the city Engineer or authorized representative. The City inspector shall observe and
check the construction in sufficient detail 1o satisfy himself that the work is proceeding in
general conformance with the standards and specifications for the project, but he will not be a
guarantor of the Contractor’s performance. The City will not accept any development until City
staff has approved all construction. The developer shall be responsible for any additional
expense to the City for inspection that is necessary after normal business hours, or when the
improvements will be privately owned. The City will establish the rate for compensation and

other expenses.
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The developer will be responsible for furnishing the original reproducible engineering drawings
corrected to show any revised construction conditions to the City before any improvements will

be accepted. All public works improvements must be accepted by the City before any City
Building permits will be issued.
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I - WATER MAINS

In general, water mains are placed on the north and west sides of a street, as shown in the Standard

Construction Details, or otherwise as directed by the City Engineer. Where applicable, line sizes will

comply with the Water Distribution System Master Plan and shall be adequate to convey a fire flow.

Fire flow analysis will be required on lines that are questioned by City staff. Starting pressures shall

be obtained from the nearest junction node as stated in the City's Water Distribution Master Plan

computer printouts or shall be provided by the City.

A,

B.

Minimum 8-inch pipe required in residential areas.

Minimum 12-inch pipe required on commercial, retail and industrial areas.

The length of live water dead-end mains shall not exceed 150 feet. A 2-inch blow-off valve will
be required at the end of the main.

No water main shall be located closer than 5-feet from any tree or structure.

Crosses shall not be used without permission from the City Engineer or authorized

representative.

Water Main Specifications:

1)  City mains shall have a minimum diameter of 8-inches, unless a larger line size is required
by the Comprehensive Plan, Water Master Plan or to meet fire protection needs as
determined by analysis. All water lines shall meet the requirements of AWWA and
NCTCOG under the following specifications:

Line NCTCOG
Size Hem AWWA Standard Description
8" thru 12" 2.12.20 C9%0  DRIS8 PVC

Greater 2.12.5 C301 & C303 Reinforced Concrete Cylinder Pipe
than
T 2.12.20 C905 DR18 PVC

12" Pipe

2.12.8 Cl151 Class 50 | Ductile [ron Pipe

2)  All mains supplying fire sprinkler systems outside of utility easements shall be minimum
200-PS! working pressure and U.L. listed.
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3)  All water pipe shall be designed for a working pressure of 150-PSI unless otherwise

directed by the City Engineer or authorized representative.

Valves 12-inches and under shall be placed on or near street property lines not over 800 feet
apart in residential, duplex and apartment districts and not over 500 feet apart in all other
districts: and in such a manner as to require preferably two, but not more than three valves to
shut down each City block, or as may be required to prevent shutting off more than one fire
hydrant, On cross-feed mains without services, a maximum of four valves shall be used to shut
down each block. Also, valves shall be placed at or near the ends of mains in such manner that a
shutdown can be made for a future main extension without causing loss of service on the
existing main. Main line valves shall be placed at all fire hydrant leads. The location of valves
larger than 12-inches will be as approved by the City Engineer or authorized representative.
Valves 12-inches and under will be Gate Valves meeting requirements of AWWA C500 or
AWWA C509 (NCTCOG Item 2.13.1) with non-rising stems. Valves over 12-inches will be
Butterfly Valves meeting requirements of AWWA C504 (NCTCOG Item 2.13.4). All valves
over |4-inches shall be provided with a valve vault over the valve operator assembly to provide

ease of access for routine maintenance.
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H.

Fire Hydrants

A sufficient number of fire hydrants shall be installed to provide hose stream protection for every point
on the exterior wall of the building with the lengths of hose normally attached to the hydrants. There

shall be sufficient hydrants to concentrate the required fire flow, as recommended by the publication
"GUIDE FOR DETERMINATION OF REQUIRED FIRE FLOW" published by the Insurance Service
Office, around any building with no hose line exceeding the distances hereinafier established and with an

adequate flow available from the water system to meet this required flow. In addition, the following

guidelines shall be met or exceeded:

y

2)

3)

4

3)

SINGLE FAMILY AND DUPLEX RESIDENTIAL - As the property is developed, fire
hydrants shall be located at all intersecting streets and at intermediate locations between
intersections at a maximum spacing of 500 feet between fire hydrants as measured along
the route that fire hose is laid by a fire vehicle.

MULTIFAMILY RESIDENTIAL - As the property is developed, fire hydrants shall be
located at all intersecting streets and at intermediate locations between intersections at a
maximum spacing of 400 feet as measured along the length of the centerline of the
roadway, and the front of any structure at grade shall be no further than 500 feet from a
minimum of two fire hydrants as measured along the route that a fire hose is laid by a fire
vehicle,

OTHER DISTRICTS - As the property is developed, fire hydrants shall be located at all
intersecting streets and at intermediate locations between intersections at a maximum
spacing of 300 feet as measured along the length of the centerline of the roadway, and the
front of any building at grade shall be no farther than 300 feet from a minimum of two fire
hydrants as measured along the route that the fire hose is laid by a fire vehicle.

PROTECTED PROPERTIES - Fire hydrants required to provide a supplemental water
supply for automatic fire protection systems shall be within 100 feet of the Fire
Department connection for such system.

BUILDINGS FIRE SPRINKLED - An 8-inch fire line stub-out with valve shall be
provided for all buildings to be sprinkled. A smaller stub-out can only be used with Fire
Department approval.
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6)

7

8)

Fire hydrants shall be installed along all fire lane areas as follows:

a. Non-Residential Property or Use

» Within 150 feet of the main entrance.
¢  Within 100 feet of any Fire Department connection.

* Atamaximum intermediate spacing of 300 feet as measured along the length of
the fire lane.

b. Apartment. Townhouse' or Cluster Residential Property or Use

» Within 100 feet of any Fire Department connection.

* Atmaximum intermediate spacing of 400 feet as measured along the length of the
fire lane.

Generally, no fire hydrant shall be located closer than 50-feet to a non-residential building
or structure unless approved by the Engineering and Fire Departments.

In instances where access between the fire hydrant and the building that it is intended to
serve may be blocked, extra fire hydrants shall be provided to improve the fire protection.
Railroads, divided thoroughfares, expressways and blocks that are subject to buildings
restricting movement, and other man-made or natural obstacles are considered as barriers.

Fire Hydrant Restrictions

b

2)

3)

4

All required fire hydrants shall be of the national standard 3-way breakaway type no less
than 5%-inches in size and shall conform to the provisions of the latest AWWA Standard
€502 and shall be placed upon water mains of no less than 8-inches in size. Fire hydrants
shall have a bury depth of five feet.

Valves shall be placed on all fire hydrants leads. Valves shall be flanged by mechanical
joint.

Required fire hydrants shall be installed so the breakaway point will be no less than 2-
inches, and no greater than 6-inches above the grade surface.

Fire hydrants shall be located a minimum of 2-feet and a maximum of 6-feet behind the
curb line, based on the location of the sidewalk. The fire hydrant shall not be in the
sidewalk.
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3)

6)

7

8)

9

10)

1)

All required fire hydrants placed on private property shall be adequately protected by either
curb stops or concrete posts or other methods as approved by the City Engineer and Fire
Chief and shall be in easements, Maintenance of such stops or posts to be the responsibility

of the landowner on which the said fire hydrant is placed.

All required fire hydrants shall be installed so that the steamer connection will face the fire

lane or street, or as directed by the Fire Department.
Fire hydrants, when placed at intersections or access drives to parking lots, when practical,
shall be placed so that no part of the fire truck will block the intersection or parking lot

access when connections to the fire hydrant are made.

Fire hydrants, required by this article, and located on private property, shall be accessible

to the Fire Department at all times.

Fire hydrants shall be located at street or fire lane intersections, when feasible.

A Blue Stimsonite, Fire-Lite reflector (or approved equal) shall be placed in the center of

the drive lane on the side of the fire hydrants.

In non-residential developments an 8-inch lead will be required on all fire hydrants that are

located more than 50-feet from the looped main.
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J. Four-inch mains used for hydrant supply in existing construction shall be replaced with new
construction and dead-ends shall be eliminated where practical. Six-inch lines shall be
connected so that not more than one hydrant will be between intersecting lines and not more

than two hydrants on an eight-inch main between intersecting lines.

K. The minimum cover to the top of the pipe must vary with the valve stem. In general, the
minimum cover below the top of the street subgrade should be as follows: 6-inch and smaller,
3.5 feet; 8-inch, 4.0 feet: 12-inch, 4.5 feet to 5 fet; 16-inch, 5.0 feet to 5.5 feet. Lines larger
than 16-inch shall have a minimum of 6 feet of cover, or sufficient cover to allow water and
sewer and other utilities to go over the large main. Increase the cover as required for water lines
to be constructed along county-type roads commonly built with a high crown about the

surrounding property, to allow for future paving grade and storm sewer changes.

L. A service with a meter box is constructed from the main to a point just behind the curb line,
usually in advance of paving. The location of the meter box is at or near the center of the front
of the lot to be served. On multiple apartments and business properties, the Owner or Architect
usually specifies the desired size and location. Minimum requirements for water service sizes

are as follows:

1) One-inch copper services are required to serve all residential lots including townhouse lots

and patio homes. Separate services shall be provided for each of the family units.

2) The size of apartment, condominium, or multi-family services will depend on the number of

units served with a minimum of one meter per building.

3) Fidings shall inciude mega-lugs and shall be polywrapped.

M. A domestic service connection shall not be allowed on fire hydrant leads.
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III - SANITARY SEWERS

Sizes and grades for sanitary sewer lines shall be based on serving the proposed development
and all upstream areas in the drainage basin at full development. The minimum size for sanitary
sewer mains shall be 8-inches. Design calculations for sizing lines shall be included in the plans,
along with drainage area map. If feasible, sewers shall be placed in streets or as shown in the
City Standard Construction Details. Sewers are usually located in the center of residential
streets. Each addition has its challenges; therefore, no fixed rules will apply to all cases

regarding the location of sanitary sewers.

Minimum cover shall be 3.5 feet; exceptions authorized by the City Engineer or authorized
representative shall have concrete protection. In general, the minimum depth for sewer to serve
given property with a 4-inch lateral shall be 3-feet plus 2% times the length of the house lateral
(the distance from the sewer to the center of the house). Thus, for a house 135 feet from the
sewer, the depth would be 3-feet plus 2% x 135 feet = 3.0 plus 2.7 = 5.7 feet. The depth of the
flow line of the sewer should then be at least 5.7 feet below the elevation of the ground at the
point where the service enters the house. Profiles of the ground line 20-feet past the building
line will be required to verify that this criterion is met. On lines deeper than 12 feet, a parallel
sewer line will be required when laterals are to be attached. This requirement should be

discussed with the City Engineer.

Sewage flow shall be computed in accordance with Appendix "A", with the exceptions, as
required by the City Engineer. Pipes should be placed on such a grade that the velocity when

flowing full is not less than two feet or more than 6-feet per second. Minimum grades shall be as

follows:
Size Minimum Siope gl
8" 0.35%
1o 0.26%
12" 0.22%
15" 0.16%
18" 0.12%
21" 0.10%
24" 0.09%
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All grades shall be shown to the nearest 0.01%. Grades shall be evenly divisible by 4, and if
practical, they should be even, such as: 0.20%, 0.40%, 0.60%, and 1.00%, etc., in order to
facilitate field computations. When the slope of a sewer changes, a manhole will be required.
No vertical curves will be allowed. Horizontal curves (pulling pipe not joints) with a minimum
200-foot Radius to match change in street direction will be allowed as approved by the City

Engineer, but will not be allowed across residential single family and duplex lots.

The sizes and locations of manholes, wyes, bends, tap connections, cleanouts, etc., shall be
approved by the City Engineer. In general, manholes shall be placed at all four-way connections
and three-way connections. The diameter of a manhole constructed over the center of a sewer
should vary with the size of the sewer. For 6", 8", and 10" sewers, the manhole shall be 4.0-foot
minimum diameter; for 12", 15", 18", 21", 24" and 27" - 5.0-foot minimum diameter; 30" and
36" - 6-foot minimum diameter. In Flood Plains, sealed manholes are to be used to prevent the
entrance of storm water. Manholes in flood plains shall be vented as required by TCEQ.
Manholes shall be placed on the ends of all lines. Drop manholes shall be required when the
inflow elevation is more than 18-inches above the outflow elevation. Construct manholes at each
end of lines that are installed by other than open cut and at each end of aerial crossing lines.
Sewer mains and water mains shall be not less than nine feet apart as measured from outside to

outside of pipe and shall meet all Texas Commission on Environmental Quality.

LATERALS: The sizes and locations of laterals shall be as approved by the City Engineer. In
general, for single family dwellings, the lateral size shall be 4" minimum; for multiple units,
apartments, local retail and commercial - 6" minimum; for manufacturing and industrial, the size
should be 8" or larger as required. House laterals usually come out 10 feet downstream from the
center of the lot and shall have a 10-foot lateral separation from the water service. Manholes
will be required on 6-inch and larger laterals where they connect to the main line. Laterals will
not be aitached to sewer mains that are deeper than 2 feet. A minimum of one lateral per
building shall be required. Also, a minimum of one lateral per residential lot shall be required.

Duplexes shall have two laterals.

Railroad, State Highway and creek crossings, etc., shall be as approved by the City Engineer or
authorized representative. The developer is responsible for obtaining permits from the Railroad
Company and from the Texas Department of Transportation and for ensuring that construction

meets all the permit requirements.
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The developer's Engineer shall furnish all line and grade stakes for construction. All property
lines and corners must be properly staked to insure correct alignment. Monuments must be set at
the corners of the property as shown in the Standard Construction Details, The City will not be
liable for improper alignment or delay of any kind caused by improper or inadequate surveys by

the developer or by interference of other utilities.

In order to provide access for sewer lines for cleaning, manholes shall be so located that 250 feet
of sewer rod can reach any point in the line. This means that manhole spacing shall be a

maximum of 500 feet.
No sewer line shall be located nearer than five feet from any tree or structure.

No sanitary sewer in alleys unless approved by the City Engineer.

Sewer Lines Speciftcations:

1) All sewer lines shall be PVC and meet the requirement of ASTM and NCTCOG under the

following specifications:

Pipe NCTCOG Item ASTM Standard
Diameter | | = -
6" thru 15" | 2.12.14 D3034/SDR 35
' D3350/PE 345434C |
15" thru 48" 212,13 F679
F794
F949
F1803
D3350/PE 345434C

2)  Sewer pipe shall conform to the Specifications and/or Special Provisions.

Lift Stations (Shall be only as approved by the City Engineer or Authorized Representative).
Refer to the City Standard Details for Lift Stations.

1)  Lift station design shall be in full conformance to TCEQ Regulations, latest revision. Letter
approval from the TCEQ must be provided at time of Preliminary Engineering plan

submittal. Flows shall be as calculated by this manual.

2)  The current rules can be obtained at:

www.tceq.lexas.gov
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IV - FORM OF PLANS

Plans shall be clear, legible, and neatly drawn on bordered sheets, full size shall be 22" x 34".
Initial copies submitted for review and approval shall be provided at ¥ the full size on 11" x 17"
sheets. Each sheet shall clearly display the Texas Professional Engineer's seal of the Engineer
under whose direction the plans were designed. A title block in the lower right-hand corner shall

be filled in to include: (1) project name; (2) Engineer's name, address, and telephone number.

The plan sheet should be drawn so that the north arrow points to the top or to the right side of
the sheet. It is important that the plan show sufficient surrounding streets, lots, and property
lines so the existing water and sewer may be adequately shown and so that proper consideration
may be given to future extensions. Proposed water and sewer lines shall be stubbed out to the
addition extremities in order that future extensions may be made with a minimum of
inconvenience. Unless it would make the plan very difficult to read, both water and sewer lines
should be shown on the same sheet. The lines on the profile sheet shall be drawn in the same

direction as on the plan. Lettering shall be oriented to be read upward or from left to right.

On large additions or layouts requiring the use of more than six sheets (total of plan & profile),
key sheets may be required on a scale of 1" = 400" or 1" = 1000", as designated by the City
Engineer. They shall show the overall layout with the specific project clearly indicated with

reference to individual sheets.

The use of "off-standard” scales will not be permitted. A plan shall be drawn to scales of 1" =
20", or 1" = 40'. Plans for water and sewer that do not involve great detail should be drawn on a
scale of 1" = 50". Plans in and along creeks, heavily wooded sections, sireets with numerous
utilities, or as may be required to produce a clean and legible drawing, shall be drawn on plan-
profile sheets or separate plan and profile sheets on a scale 1" = 40'. If the plan is in an
extremely congested area, a scale of 1" = 20’ may be necessary. All profiles shall be drawn on a
vertical scale (1" = 4') as required for clarity, and the horizontal scale shall be the same as for the

plan unless otherwise directed by the City Engineer.
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V -DATA TO BE INCLUDED IN PLANS

A.  Sewer Data to be Included on Plan Sheet

B.

D

The plan shall show the existing and proposed water and sewer lines and all
appurtenances thereto. The plan should also have the storm sewer system dashed in.
All lines shall be numbered, lettered or otherwise designated on both plan and profile
sheets. All lines shall show sizes and direction of flow on both the plan and profile
sheets. Stationing shall be shown to the ncarest 0.1 foot and each new line shall begin
at 0+00 at the outlet and increase up the sewer. Station pluses at all junctions of
sewers, horizontal P.C.'s, and P.T.'s, bends, angle points, wyes, manholes, the
centerlines of all cross streets and railroads, and all crossing utilities, etc., shall be
shown on both plan and profile. The degree of angles and horizontal curve data shall
be shown on the plan only. Minimum Radius for sanitary sewer mains is 200 feet by
pulling pipe not joints. Sewer laterals shall be shown at a location most convenient to
serve the property.

Sewer laterals will usually be near the center of the lot, either at the street or alley. If the
lateral is to be adjacent to the water service, then show the lateral 10 feet downstream. The
location shall be designated on the plans.

Sewer Data to be Included on the Profile Sheet

)

The data for the profile sheet shall be obtained by running a line of levels along the
actual route and by taking any other necessary observations. Profiles shall show the
elevations to the nearest 0.1 foot of the ground at the centerline of the sewer, and to the
right and left of the centerline of the sewer at the location of the approximate center of
the proposed houses or buildings to be served, and the approved street or alley grade.
Profiles shall also show the sewer pipe, manholes, etc. The size of the sewer, the
direction of the flow, and the grade to the nearest 0.01% shall be indicated just over the
"pipe” and the total linear footage of line, size, kind of pipe, and type of embedment or
encasement shown below the "pipe". The design flow, pipe capacity and velocity must
be shown in the profile. All of the information pertaining to the horizontal data, station
pluses, appurtenances to be built, etc.. is usually shown just above the ground line,
whereas, the flow line (invert) elevations are shown below the pipe. Elevations of
crossing and parallel utilities shall be shown. All invert elevations shall be shown to the
nearest 0.01-foot, Invert elevations shall be recorded at all junctions (all lines-in and

out), at grade breaks, the ends of lines, or other points as requested by the City
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Engineer. Benchmarks used shall also be clearly shown, giving the descriptive locations
and elevations. Elevations must be from sea level datum, not assumed. Bench level
circuits should begin at a USGS monument and benchmark of second order accuracy
established at least every one-half mile through the project. All existing water, sewer,
gas, storm sewer, telephone, power, and other utilities parallel to or crossing the proposed

sewer or water line shall be adequately designated as to size, type, and location.

C. Data to be Included for Water Plan and Profile

1)

Indicate the location of any existing valves required for shutdown purposes and of any
tees, ends, etc., to be tied into. Indicate clearly the sizes of the lines to be installed, and
all proposed valves, fire hydrants, tees, bends, reducers, plugs, sleeves, wet
connections, tap connections, creek, railroad or highway crossings, tunnels, meter
boxes, valve vaults, and other appurtenances at each intersection or as required. Where
the pipe is to be laid around a curve, the curve data must be provided. The size and
type of services and the material, type of joint, and class of pipe may be indicated by
adequate notation in the lower lefi- or right-hand corners of the plan sheet. Water
services and meter boxes shall be indicated and shall be located at or near the center of
the front of each lot. Waterline profiles are required on lines 12-inches and larger,
follow the general procedures as outlined for sewers, except that the grades and
elevations of the proposed water line usually need not be shown closer than the nearest
0.1-foot except at P.V.l.'s where the elevation shall be shown to the nearest 0.01-foot

for field calculation purposes.
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APPENDIX "A"
SANITARY SEWER DAILY FLOW CALCULATIONS

Apartment Sanitary Sewer Flow

95 gal. x .75 = 71.25 gal. per day per person
22 units per acre with 3 persons per unit
Calculations (71.25) (22) (3) = 4,702 or 4,700 gallons per day per acre.

Office Sanitary Sewer Flow

3100 parking spaces for 34.7 acres

One person per parking space

20 gallons per person per day

3100 = 89.33 persons per acre (20 gal) = 1,786.7 or 1,790 gallons per day per acre.
34.7 acres

Residential Sanitary Sewer Flow

95 gallons per person per day

4 units per acre

3.5 persons per unit

(95) (4) (3.5) = 1330 gallons per acre per day

Nursing Home Sanitary Sewer Flow Patio Home Sanitary Sewer Flow
150 beds -heritage Manor 95 gallons per person per day
90 gallons per day per bed 10 units per acre
90 x 150 = 13,500 gallons per day 3.5 persons per unit

(95) (10) (3.5) = 3,325 gallons per day/acre

Add 500 gallon per acre per day for inflow and infiltration. Peaking factor shall be applied to daily
flow calculations but not to inflow and infiltration. Peak factors shall be in accordance with ASCE
Manual and Reports on Engineering Practice No. 60/WPCF Manual of Practice No. FD-5. Generally,
the following factors applies:

Acres Peaking Factor
| T . O - B ) < S 3
T0 ettt e e s e ee e st e e e enneean 49
80 . 4.8
5 N . T U 4.78
G0 ettt e s et te e e e a e an 4,72
FOO i it ee s ot e e eane e ervasassenasts 4.66
I L SRR 4.62
D20 et re e e nneaan 4.50
130 . 435
140 . 4.25
IS0 o iiitirieeeeesnsiicsnsonnesneensasasssssmnssnnsasnsssons 4.20
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