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SUBJECT:

“Plans and Estimates for the Disposal of Sewage and Storm Water for the

City of Rolla, Mo.”

TRACY IRWIN PHELPS.
ROBERT ARTHUR BARTON

JUNE, 1906,
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DISPUSAL COF SuWAGE AND STCRM WATLR

for the
City of Rolla,iissouri.

June 1208,

T.l,Phelps, R.ABarton,



Intrcduction,

tho €1ty of Rolla is the crunty seat of Phclos Crunty,situnted
111 miles woughwest of St,Louis,on the St.Louis and san Frencisce
R.R.
This thriving city of 2000 inhabitanis already o ns the clectric
lighting system,and has ernginzers working upon rlans Tor a deep
well water supply systen,
ginece the canitary conditiore sre net the best and w water

supply is to be installed,we submit these nlans and estimates for

[£D]

a "Dignosel of Seowage end Storm Water M



After making a topographical survey of the city and adjacent
vieter sheds,it was fcund advisable to divide the city intec three
distiricts,each havirg a main branch,cne on th~ westlsim outskirts,
termed "West® ancther on Rolla St. termed "Rolla" and the third
on Oak St., termed "Cak,".

From these main branches laterels are run ithrough the more
inncrtent streets. (see topographicel map,showing districts,msin
brariches and laterels),

ihere beling no near by waterway into which te discharge the
sewage,lt becoma2s nccessary to troat the samc,consequently a separests
system was decided upon,

CCNSIDERATION OF "ooPARATE SEBERY.

Since an allowance of 25 gallons per capite per day was made
for water supply and the quantity of sewage depends,tc a certein
extent on the water supply,we therefore take this quantity as the
basis for dispcsal. The maximum rate may excecd this amount at
certain times by 100 ¢ therefere the maxinum rete of flow taken
is €0 gallons per capita per day,

The averege number of persons fcr a city block was  Pound to be
20. The enroilment at the Rella Public School 1is 409:pupils. At
the Missouri ichool cf Mines the enrollment is 280,

Ground water is assumed to leak intc the main bhuanchgs atiihe

rate of two gallons p=r day per focct of pipe.



DATA FUR OLPARATE SEWER.

Branch, Number  Number  Sewage Length Groundwater Total Bewage
cf of in of in in
Blocks JPersens  Galec, Branch Celleons, Cel. Cu.ft/min

est, 1€ 370 1€000
# 100 1500 =380 47€0 TN260 2.7
Rolle. 27 &40 27000
150 22850

w400 6000 3700 7400 4250 %, 00
Oak, 3€ 720 <6000 3000 €180 47180 3.01
Trunk s 85780 1120 205820 1003530 10,18
Total 79 2230 10290

# Studente at Missouril Schocl of iMines,
#: Punils at Golla Public School,

vu# Line from junctlon of rella and Oak to Zeptic Tank,

Lfter the location of the main branches was dsclided upen,nrofile
levels were run,plotted and prade lines establiched.(sece plates
1,2,3,4 end 5).

After making calculations for velocities and discharges & & Ineh
sewer pipe was decided upcn for the "Trunk" line,an¢ also for the
other brarches,it net being thought adviseble to uss smaller size
on acccunt of prcbability of clogging. A four indh’ se@fr .pipe wau
considered sufficient lor the latcerels,

Following ars the calculations Por (a) the meXimuh. veldgity

and discharge for the greatest flow,(b) the minifum Wilceily and

discharge Tor the least [trow.



(a)

"THRUNE LINE®,
Sewer flowing half full (3")

V= cYK &
V = Velocity feet per sec,
c = constant = 835
area
= iraulle redius = ———
R = Hydrau c recid wetted verimeter
S = Grade = 01
2
area = 1/2 T4 = X% 3,116 x .75 = gopo aq.rt,
4 2 4 i
o 3 - 1 O'rrl" — o o s | f\g
Wetted perimeter = 2 X = DX 3,14 :4_5’_5_ X .25 _ J7°6 ft.
a6 T 1P R =.3
V= ¢c YR S =085 x .383 x .1 = 2,81 ft per sec.,
Q= 60 AV= 60Xx .0082 x 2,81 = 16,85 cu ft per min,
Sewer Flowing 2 inches deep.
Area = area of sector = area of trieangle.

Vietter perimeter =

" o

-
—

v
Q

The estimateq discharge of this sewerbeing

will range between

14,1 x mMd* ~ _base x altitude

760 x4 5
141 x 3,1416 x ,08 _ 5,64 x 1 . gr74 Fig?
360 X 2 mx14q - +9574 sa ft.
14l y oy = o x 3.141€ x .25 =.01°Tt
360 %@% x ° * *e ’
= .00728 \E = 306

¢ NRS = 85 x .306x.1 = 2.60 ft/scc.

60 AV = 60 x .05874 x 2,60 = 8,05

o

cu £+ / min..

10.15 cu.ft/min, the velocity

2.60 and 2,81 ftfsec,
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ing 1 inctk dcep

Lrea = arsa sector -~ arca ol trilangle
= 0C,4 x 1M d? - base x_cliitidc
Z€0 4 2
= D0e% X 41416 X 00 = 4,4€C_xX ©
3G0 4 T x 144

Vetted Perimeler = 06,4 X 27r = 06,4 , Tx3.141€x. 78

360 “ce

R = ,0216 ' ‘
‘:'%55-* = 051 YR = 007

Vv=cNii =2

Q =60 AV = 60 x.,0216 x 1.72 = 2,22 cu £t/min,

@y

X .227 x .009 =1,7% ft/scc,

istimated discharge is 2,07 cu £t/ min,calrulated discharge being 2,7°°
u £t/ min. The velocity will closely approach 1.72 ft/sec,
"KCLLA AKL CAK TINL.®
wewage Cloving 1 1/2 inches deep.
Gradce = .01
Arca = arva sector = are of triangle

= 120 x4 G* ~ basc
360 4

= 120 x_ 35,1416 x_.29 ~ 6,2 x 1.F
360 4 D x 144
= ,07%24 sq,lt.

Vietted Primetor = 120 x 21Mr - 120 x 2x3,141¢ k.28
360 360

= 597 ft.

R = .0%84 = 0774 YR = .7

V =c YRS = €5 x .27 x .1 = 2,005 ft/sec.

o

il
o
O
e
<

il

€C x .0384 x 2,205 = 5,23 cu.ft/min.



Sewers flowing 1 1/4 inches deep.

Area area sectcr - aren triangie.

= 109 X 3,1416 x.25 ~4,06 x 1,75
560 4 2 x 144

= ,0204 sq. f't,

0 x 2 x 33,1416 x .2

Q)

Wetted perimeter = 1

€

[

= ,475 ft.

R= .,0204 = 0610 YR =,0290
L2758

V= ¢VRS = 85 x ,P42 x ,1 = 2,12 ft/scc
Q= €0 AV = 60 x .0304 x 2,12 = 3,37 cu 2t/min,
fstimated discharges for these lines are 3.9€ and 3,923 cu.ft/min respect-

ively, Tlie welocities will range between 2,205 and 2,12 ft/sec

CUMMARY CF VEOQOLCITIES AND DISCHAKGES.

Eranch Grade. Depth of flow Velocity Discharge
Minimum in in sstimated Calculatead
inches ft/sec. cu.ft.per min,
west .85 1 ] 1.72 2.07 2.22
Rolla, 1% 11/4 -1 1/2 .12 - 2,295 3.96 3.37 = 5.28
Cak 1% 11/4 -1 1/2 2,12 ~ 2,205 3.91 2,87 - 5.2
Trunk. 17% 2-3 | 2.60~2,81 | 10,18 8.95 16,55

MANHOLES AND FLUSH~TANKS,
Hanholes and flucgh~tanks cf epproved design shall be placed along
the lines, the dimensicns specifled on plans and the: locaticns

upon maps snd profiles (Plen of manholes see Plate ¥111)



TREATMENT OF SEVAGE.

On account of tctal disappearance of the weter in the streams
during the summer mcnths it beccmes necessary to treat the sewage
to prevent the creation cf a nuisence. This will be dcne by use
of a septic tank,

The number of inhabitants uwing the sewer,at first,is assumed
to be 1400, Average pate of flow per day is 28 gallcns per capita,
Ground water is assumed to have an aWerage flow of 10000 gallons
per day.

Total flow in gallons per day = 44000
"M Woouft, " " = 44,000 = 5063

W B

Sewege should remain in the tank from 12 to 24 hours.,
A tank €'x 12' x 40" will handle 8760 cu ft.,discharging twice in
24 hours,
This size of tank will be installed.Should it prove inadequate
another tank can be added,thereby allowing the Sewage tc remain

in the tank 24 hours, (For plams,see Plate 1X)



CONCTDERATION C&# DISICSAL CF STORU VATER,

On account of the unganitary condition of the two crecks heading

in Rolla and Uak Streets,eespectively and the ercecicn of the streéts
it becomes necessary to control these waters,
because of the fluctuaticn in the discharge of the strcans

we have designed a crossesection which gives a grcater hydreulic =

radius,and consequently a greater veloeity for shallew flows than

a circulsasr section,

The cost of these concrete sewers is Xess than vitrified pipe.

The following tabke was compiled

from the records of precipita-

tion,kept by Mr.P.J.VWilkins for the U,S.Westher Burewu,

TAbLr CF TAINFALL IN INCHES,
1900 1901 19002

Months Total ,Max.for Hrs., Totel Max,for Hrs, Total, Max,for Hrs,
January 1.39 87 | . 68 2 1.31

February |4,43 | 1,96 48 1,70 | . 48 15 1,31 .60 12
March 1,53 | 1.05 48 3.32 [ 178 18 4,151,053 20
Mpril 5425 | 2,76 48 2,99 | 1,14 24 n.€1 B2 24
May 2,78 | 1.28 72 73 08 4 5,96 | 0,78 12
June 8.67 | 1.79 4 £.30 | 1,11 10 8,16 | 3,80 30
July 4,46 | 1,29 6 1.64 B3 4 3411 | 1,70 7
August 3.61 | 2,85 48 1.82 | _ .20 9;65 20
September| 3.04 | 1,3 12 .02 259 ;69 é
Cctober 5413 | 1436 15 2.29 Fe46 | 1,68 04
Ncvember | 3.3% | 1.45 24 1.66 .69 24 4,06 | 1,582 24
December.| .89 27 24 4,90 | £.%6 18 4.82 | 1.64 o4




Table Continued.

1903 1004 1908

Yon+hs, Total ifax for hkrs, Total iax,for hrs, Total uax,for Hrs.
January 1.83 4.84 (3.42 2 3.19 | 2,10 40
February 3,08 1.12 o4 «35 1,64
March 4,00 1.04 3€ 4,47 |0, 84 24 3;89 1.01 15
April 3.11 80 e 7.11 | 5.10 4 3.0 | TL,08 ~4
May 7.27 2,66 24 €.,2%2 | 2,07 Z0 4;91 2.18 LS
June 4,24 1.79 24 706 | 3,09 lé 2.51 .74 &
July 72 3,19 | 1,82 18 €.27 | 1.17 K
August 5,75 | 2,51 5 6.06 | 1,79 o TJ7€6 | 2,°€ 1n
september| 7.67 ?.54 2 4.21 | 1.382 12 8,51 | 4.40 18
Cctober 2.84 2.07 12 1.13 5.4 | 2.04 24
November | .41 .28 1.00| 1.02 | o4
December, | 1.6Z2 .89 1.21

s Pron the above table maximum rain fall occurred in September
1003 and is found to be 2,24 inches in 2 hours, This is a rate of Q01FEL
feet per minute,.

Drairage area was taken from tepegraphical map.

ESTILALED DRAINACE AREA AND PISCHARGE,

Drainage Area, Discharge Cu ft/min,
District |[In acres In sq.ft.
Rolla 53.04 2,310,300 2724
Cak, £6.51 2,342,150 2841
Junction| 22,90 907,550 1210

€775 fotal.



vischarge was computed by taking ,001588 feet ver minute rain
fell and cousgidering 78 per cent impervicusness,
Profiles were run,grades ¢stablished end cross sections deternined,
(See Piates 6,7 and 10)
In o@téer to keep within the veloccity limits it was necessary to
put in-drops as located on profiles € and 7.
Inlets te be placed at the intersecticn of cross streets and cother
places necsssary. Drops and inlets tc be approved by inginesr,
Roila storm sewer will have two csections,the ﬁpper one having a relfus
of 1'9" the lower 2'3".
Cak cireet Storm Sewsr te have a redius of 213",
ihe Juncticn Sterm Sewer (belew juncticrn of Cak and R’rlle) toc hevs
e radius of 3'8" sy per the following cslculaticns:
ROLLA S%. STCRW SEWER. (from 10th gtreet =100'scuth of 6th Lt.)
fecition 1, Plate X

P

Grade = .02 (for 1:3 cement moerter) K = ,011

v = c\Rs Q¢ = 60 AV.
: .00261 1,811
By Kutter's formula c = 41‘6 + S + I

1+(4ve+fob81);n

S

Depth of Flow = 1,812 ft,

I

Area cqui, A

1.812 x 1 3/4 =1.3%3 gq. ¢
p 4

" 3,1416 x (2.5)

sector =
6 x & = 1,604 " "
" segmen = 1,604 — 1,393 = ,0Q "o
Total Area = 1.ZP3+09x .20 = 1,883 " *

Perimeter of scvetor = 2 x_3,141€ x 1,78
€
= 1,835 feet,

Wetted perimeter = 1,008 x 2 = 3,66 ft,



R = 1.88% = .51%6 R = ,716

c = 4 00281 1,211
41.6 <02 L011 = 126,
,00281 ) 011
1+ (41,6 t .02 .716

V=12 x ,716 x .141 = 12,72 feet per sec.

Q =60 x 1.833 x 12.72 = 143% cu ft: per min,

Depth of Flow, = 4 inches,

Surface width 10 inches

20
Area = 144 sa ft,
wetted Perimeter = 12,8
12 't
R=20 x 12 = 1307 YR = ,3€
144 12,8
00881 + 1,811

: .002€1) .011
1+( 41.6 + ,02 .3

V = 00,5 x .36 x ,141 = 4,59 ft per sec,
Rolla Street Storm Sewer (from 100! south of 6th St tc Junction)
Oak " " " ® 7th St. tc Juncticen)
See Sec,1ll . Plate X
Depth of Flow = 1,045 ft,

Grade = ,02

Area of Equi.A =_1,04% x 2 1/4 = 2,10sq 1,
2 .

"  gsector =_g,14is x (4.5F = o.e5"
* segment = 2,65 = 2,10 = .46 sq.ft,
Total area = 2,10+ 2x .46 =3,11 " *
Per%meter sector = Bx 3.%416 X 2,25 =
10 = 2,356 fi.

wetter perimeter = 2x 2,366 = 4,71 ft.



.00281 1,811
c = 41,6+ ,02 011

132

1+( 41.6 4+.00281) .011
‘02 .81

<
"

132 x .81 x 141 = 18,08 ©t/ sec.

£
H

60 x 3,11 x 15,0 = 2810 cu,ft, ner min,

vepth of Flow = 4 inches,
surface width 10.8 inches,

Area = 2,1€ sqg,.ft,

144
wetted Yerimeter = 13,5 ft.-
12
R= 2,16 x 12 = 133 YR = .06E
144 13.6
| ,00281  _1,811
C = 41,6t 02 * T 0l1 = 91.%8
00281 )" L011
W 41.8+ ,02 .365

V = 921,56 x .365 x .141 =4.71 feet per sec,

JUNCTION STORM SEW:ZR, ( from Rolla and Oak Sewers to City limits)

//////////”’/’f——"__‘\\‘\'Sec.lll Plate X,
38" Grade = .01

Depth of Flow = 3,17 ft.

Area equi. A = 3,17 x 3 2/3 = 5.81 sq.f%,

o)

<
2
"  sector = 3,1416 x(7 1/3)= 7.c4 " "
€ x 4
" segment = 7,04 - 5,81 = 1,23 " "
Total Area = 5.81+2(1.,23) =8,27 " *

Perimeter of Sector =_2 x 3,1416 x 2. 2/3 =
6
3.84 ft,

Wetted Perimeter = 2 x 3,84 = 7,68 ft




R = 8,27 = 1.07 \R =
7.69 -
00281 . 1,811
c=41,6% ,01 011
01 1,03
VvV = 142,85 x 1,03 x .1 = 14.68 feet per sec,
Q = 60 x 14.68 x 8,27 = 7284 cu ft. per min,
Depth of Flow = 4 inches,

Surface width = 11.5 inches.

Ares = 2%
144 sq. f't,

Wette® Perimeter = %g,l ft.

R=23 x 12 = ,136 YR = .37
144 14,1
c= 416 * ‘°f§§l * %o?il = 01.5
1+(41.6 . ,0028]7 .01l
001 *
V=91.,5 x .37 x .1 == 3,39 ft, per sec,

1.03

= 142,5

It will be noticed that the veloecities in the abtove caleculations

are within the allowable limits,giving the dischargesrequired,

SUMMARY OF DATA FOR STCRM SEWER,

District|Section |Lemgth|Grade |Velocity Discharge
in cu.ft/min
ft/sec. | Calculated Estimated
Rolla Upper 1100 .02 12.72 1435
fower 1100 | .02 | 15,08 2810 2724
Oak 1200 .02 15706 2810 2841
Junction 850 .01 14,68 7284 6775




~— BSTIMATEE.~—

FCR SEPARATE SYSTEMSw

Excavation and Back Filling ....c.eveeeeeesae & 35 DET CuU,
Portland Cement{Carload 10t8) ceeeeeecsensceees 2.10 per Bbl.
Sand ... (AEliVETEd) tevreeecrtranssecsnnsees 1.50 CuLyc,

Gravel.‘..( " ) P 9 4 6 4508 8860 09 ee N3P IREQEOIEESDN 1.95” "

Barrels of Cement ( 1:1 mortor)recuired for laying 100 £t stardard sewer

pipe ( 3' lengths)

Size of Pipe in inches _4 6 (From Gillette's Hand bock of

Cost Data)

Barrels of Bement rqd,.0533 .086

For Ccncrete prporticned by volumne 1:3:8

Barrels of Cement per cu, yd., concrete ,96

" "  sand .47

oM gpavel 78

Cost of Laying GSewer Pipe.

Size of Pipe in Inches 4 6
Conts per linear foot 372 1
Bill of Sewer Pipe for West Branch and Laterals.
Length | Pieces Articles - Cost.
2466 820 6" pipe @ § .08 4/10 per foot $207,14
1077 35¢ 4" ? " .08 6/10 " " 60.2€
180 €0 4" " for house conneeticns 10,08
72 36 4"to 6" Y's at $.38 each 13.68
24 12 4"to 4" " ¥ o8 M 3.00
3 6" 1/4 curve @ .28 % .84
1 ¢"to 6" increaser.,26 " 125
$ 2o5.25

13



14

Bill of

Sewer Pipe for Rolla Branch and Laterals,

Total Cost of Pipe Usedeeeeecses...21380,25

uvength | Pleces Articles Cost,

3573 1191 8" pipe & .08 4,10 ver ft.| $300.14

1644 548 4" " 05 86/10 " " 09,086

48 16 4" Y for house conrection,0% 6/10 " * 2,67

136 68 4" to 6" Y's .38 each 28,84

56 28 4% to 4" " 28 " 7.00

5 6" 1/4 curve .28 " 1,46

2 é" 1/8 ourve .28 .56

2 4" to 6" increasers .25 ,gg

430.1

Bill of Sewer Pipe for Osk Branch and Laterals,

Length Pieces Articles Cost.
2928 006 6" Pipe % .08 4/10 ver ft, $250,90
4305 1438 q 05 ¢6/10 " 241,08
102 51 4" to 6" ¥'s .3t each 10,27
166 83 4" to 4" y's 23 " 20,75
8 6" 1/4 curve oo 2.24
. g" 178 " R | .84

" 3 2] "
7 4" to €" increaser +25 Yssg:gg
B11l1l of Sewer Pipe for Trunk,

fength | Piece Article Cost,

1122 374 6" Pipe $‘.08 4/10 ver foot. $94.£5
Bill of Sewer Pipe for Septic Tank,
Length Piecss Article Cost.
i 14 8" Pipe $ .08 4/10 per foot 83,85




Cement in Barrels Required to Lay Sewer Pipe.

brancli Laterals Cost.
West 2,41 .67 1 6.47
Rolla 3.56 .04 0,45
Oak 2.98 2.3¢ 11.°8
Trunk 1.08 2,07
Total 259,47
Cost of Laying Sewer Pipse, Excavation and Back Filling in cu yds,
Branch Laterals branch Lateral Cost,
 West 405,35 & 0,45 1636 E55 & 766,95
Rolla 37.09 13,10 1501 003 374,E5
gak 30,920 23445 1157 17285 1108,70
framk $1éi.§§ £E6700 9 éﬁ%%%f%g‘

CEPTIC TANK, Concrete required, 82.74 cu.yds.

Cost.
Cement required 86.2 bbls., b 182.00
Sand " 176, cu yds, 264,00

Gravel " 106, " " E_;§§;§9$577-50
(sewer Pipns * 42 ft) ’
Lumber for Cover 1310 BM. £20. 26.20
Cost of Placing Concrete 31,65 per cu,yd, 172 B2
Cast Iron Pipe.

15 ft. 6" pipe & .38 per ft, $5.70

2 valves 53,00 cach 6.00

4 ~ 1/4 curve $.20 each 3.60

1~7T .00 ,£0 1€,20

& TE6.47

¢



MANHOLES. For 4 Toot Manhcles  %17.50, %#2.20 for each addition-

16

al foot,
Number | Cost,
vest ¢ $147.00
Rolla 7 166,50
oak 11 243,10 $556.60
FLUSH TANKS at $26,00 each,
Number Cost.
West 2 $ 52,00
Rolls 3 78?00
-0ak. 4 104,00 & 234,00
TOTAL COST OF SEPARATE SYSTEM,
: Excavation Flush~ Septic
Branch Pipe Cement |Laying. [backfilling | Manholes Tanks | Tank Total
West 295.25 | 6.47 34,80 766.86 147,00 | 52,00 1302.37
Rolla 430,17 9.45 50.19 874?65 166,50 | 78.00 1608.¢6
Oak, 537.03| 11.28 64.35 1008.70 243,10 |104.00 2963.46
Trunk. 04,28 2,27 | 11.22 171.15 278,89
Séptic Tk 3,59 . : 766,42 | 759,97
$1360.25% 29,87 160,56 2A21,35 556,60 234.00 756.42 59213.85
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POR STORM SEWER,

Cost of Placing Concrete #3.50 per cu.yd.

Cost of Excavation and Backfilling .35 per cu. yd.

ROLLA.
From Station 0+00 to Sta, 11+80 (Sec,l, Plate X)
Area of section 2,194 square feet,
Contents, 2,194 x 1180 = 2888,9 cu ft, = . ., r .98,88 cu,yds,
Prom Sta,., 11+80 30 Sta. 22+85(Sec.ll
Plate X)
Area of Section 2.71 sq.ft.
Contents 2,71 x 11056 = 29924,88 cu,ft.= 110.90 cu,yds,
JUNCTION.,
PFrom 3ta, 22+86 to Gta. 28+85(Sec,11l Plate X)
Area of lection = 4.21 sqg.ft.
Contents., 4.21 x 800 = 2526 cu, ft. = 93.85 cupic yds
0AK, '
| Prom Sta, 0100 - Sta. 13+20(Sec.l1l.Plate X)
Contents, 2.71 x 1320 = 3604,3 cu ft, = 133,49 cu,yds.
1§ inlets~ 1/2 cu,yds.each. 8,00 " "
Total Concrete, 441,82 " ¢

Number of barrels of cement required 441.82 cu,yds,

concrete = 424,15
Cu, Yds,Sand " for " " = 207.56
# " Gravel oW " " = 344,62
COST., 424.18 Bbls Cement $2.10 per BBl = $890.75
207.8%6 cu,yds.sand 1.50 " cu,yd, = 311,50
344,62 " " gravel 1,28 % * ° & 430,76
Total Concrete, $1633.00
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Brought Forward.
Total Concreste, $18%%,00
16 gratings for inlets at § .76 each 12.00
Placing Concrete,448.82 cu, yds. at $3.80 cu.yd.= 1546,37
Excavation and backfilling,~
oak 862 cu,yds, $.38 = $301.75

Rolla .
and 1963.9 cu,yds .38%= 687,735 = 009,10
Junction
Total Cost of Storm Sewer System $4180.47



SPECIFICATIONS,



SPLCIFICATIONS FOR MAT:=LIALC,

Sec,1l. Cewer-pine., All pipe and specials shall be the Dest quality,salt~

glazed,vitrified clay sewer pipe of-the hub and spigot patterniboth
body and bell shall be of standard thickness,Hub shall of suffici=snt
diameter so as to have a space around spigot of not less than 1/2
inch for cement mortar joint: it shall also have a denth from its
face to sholder of at least 2 inches grcater than the thickness of
the pipe. Pipe shall be furnished in three foot lengths,Eranches may
be in two foot lengths., All pipes and spocials shall be well glazed,
smooth on the inside and free from broken blisters,lumnps and flakes
which are thicker than 1/6 the normal thickness of the pipe,and whose
largest diameters are greater than 1/8 the inner diameter of szaid
pipe. Pipes and specials having broken blisters,lumps and flakes of
any size shall be rejected unless the pipe can be so iaid as to bring
all these defects in the top half of the sewer. Pipes or specials ,
having fire cracks or cracks of any kind extending through the thick-
ness shall bevrejected.

No pipe shall be used which, designed to be straight,varies
from a straight line,more than 1/8 inch per foot of length; nor
shall there be a variation between any two diameters of the pipe

greater than 1/24 the nominal diameter,

sec.,2, Brick, For all brick-work none but the best quality of sound,hard-
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burned,perfect-shaped bricks,presenting a regular an4~smooth surface
shall be used, After being thoroughly dried and immersed in water
for 24 hours they shall not absorb more than 10 percent by weight of

water,



[

sec,3, Sand, A1l sand shall be clean,sharp,ccarsc,and free from loauw,
clay or vegetable mattcr,

Sec.4. Cemeni, Unless otherwise specified all cement shall be of the best
quality of Natural cement and when tested in briquettes (American
Soc,C.E.standard) shall show a tensile strength of at least 7F pounds
after 1 hour in afr and 23 hours in water and of at least 150 nounds
af'ter one day in air and 6 days in water,

When specified Portland cement shall be ased,fhis shall shcw a
tensile strength of at least 400 pounds per sguare inch in a 7 day
test made as above,

The engineer shall te allowed to test all ccments and notice of
its recsipt by the coniractor must be made to the enginczer at least
48 hours in advance of its use on the work, iny cement not satisfact-
ory to him shall be at once removed from the work,

Sec,5. Timber, All timber a? nlarking used in cradles,platforms and found=-
ations shall be ¢ spruce,or timber equally as good,straight,sound,
free from sap,shakes,large,loose,or decayed knots,worm holes or othsre

imperfections which may impair its strength or durability.

EXCAVATION,

Sec,6. Clasgsification of materials, All materials excavatsd shall be clacsie-
fied am elther earth or rock. No material shall be classified as rock
which cannot be removed more cheaply by drilling and blasting than Ly
picking,sxcept that any boulder measuring 1/2 cubic yard or more shall
be so classified,whether blasted or removed bodily; but such boulders
shall not be returned to the trench without being first broken up.

Sec.7. Excavation of Trench, The trench shall be excavated along the lins
designated by the engincer and to the depth nscessary for laying the
20 sewer at the grade given by him, In case of pipe sewers 1t shall be

1 foot wider at the bottom than the outside diameter of the pPipe,and



for a concrete sewer as wide as the greatest external horizontal
width of the struciure vplaced therein,without any undercutting on the
banks, Where,in the opinion of the engire er,the original earth is
sufficiently compact and so0lid for the foundation of the work the con-
tractor shall excavate the bottom of the trench to conform to the e~
ternal form and dimensions of the invert or foundation as ordered,For
pipe sewers the bottom of the trench under each bell shall be-so hollow-
ed out as to allow the body of the pipe to have a bearing throughcut
on the trench bottom and permit of making the joint,In case the trench
be excavated at any place,excent at joints,below the proper grade they
shall be refilled to grade with sand or loam thoroughly rammed,without
extra compensation unless £he extra excavation was orderasd by the en-
ginéer.

The englneer shall have the right to 1imit the amount of trench

~ which shall be opened or partly opened at any time in advance of the

completed sewer,and alsc the amcunt of trench left unfilled,

sec,8., The Contractor shall remove any wafer which may be found or shall

accunulate in the trenches and shall perform all work necessary to
keep them clear of water while the foundation and masonry are being
ecdnstructed or the sewer lald, In no case,unless by special permissw
ion of the engineer,shall water be allowed to run over the invert or
foundation or through the sewer until the cement is satisfactorily

hardened.,

Sec.f, Shoring and Sheathing, Whenever necessary the sides of the trench

shall be brmced and rendered secure and elither open or c¢losed sheath-
ing shall be used,to the satisfaction of the engineer; such sheathing
ahd bracing to be left in until the trench is refilled,all such bracing

and sheathing being done at the contractor's expense,



Sec.10. Railway-crecssing, when any railway-lines are to be crossd or inter-
fersd with specific directicns as to the time and manner of doing
this work will be given by the engineer,and the contractor whall
conform to such directionms,

Sec,11. In excavating and backefilling trenches and laying sewer care
nust be taken not to move or injure water pipes,

At street~crossings and other points as may be designated by the
engineer the trenches shall be bridged in a secure manner so as to
prevent any interruption of travel upon the roadway and sidewalks,
The cost of all such work must be included in the regulaer price bid
for the sewer.

Sec.1l2, Rock Trenches, When the excavation for a sewer is made through
rock or other material too hard to be readily or conveniently re=
moved for admitting the hubs of the pipe the tresnch shall be exca-
vated at least four inches deeper than the grade of the outside
bottom of the sewer. When rock is encountered in the trench it shall
be stripped of earth and the engineer notified and given proper time
tc measure the same before blasting. All rock removed which has not
been measured by the engineer,will not be estimated as rock excava-
tion, ileasurement for rock exsavation will be limited to € inches on
either side of the sewer,and trench-slopes of 8 verticals to 1 hori-
zontal, In all cases of blasting the blast shall be carefully covered
with heavy timber chained together,ahd the engineer may limit the
number of simultaneous discharged. No blasting shall be done within
fort;f%f the finished sewer and the end of the finished sewer shall

be covered or stopped with planks or earth during each blast,
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CCNSTRUCTICN,

sec,13., Concrete shall be compvosaed of 1 pargiﬁg bulk ~f Prrtland cement

three parts of sand and 5§ parts of gravel of apnroved quality. In
nixing,the sand shall be spread upon a single platform or box and the
cement deposited upon this;these shall then be thorcughly mixed dry
until the whole 1is of an even,uniform color,when sufficlient clean
water shall be added to form a thick peste, The gravel which has
previously been thoroughly wet,shall then be added and the whole shall
be quickly and thoroughly mixed. Concrete must not be mixed in quaniti-
ties greater than required for immediate use and any which has begun
to set shall not be retempered &r used in any way. One course shall
follow another as rapidly as pocssible, When fresh concrete is to be
placed in contact with that already set or partly set all loose stone
or concrete not thoroughly compacted shall be removed from the surfac=
of the latter,which shall be washed cleasn of all dirt and piven a thin
coat of mor+tor, If such a surfsec. b: hord sei 12 shell rreviously be
water-soaked, When concrete is in place all wheeling,vorking or welk-
ing on it must be prevented until it is firmly set and until such

time it shall be kept damp and protected from the sun.

Such forms and centers as may be necessary to give the finiched
concrete the-désired form shall be furnished by the ccrntractor with-
out extra charge, These shall be sufficiently stiff and substmntiel
to retain the concrete firmly in place,and shall nct be withdrawn une

+i1 the same has set to the satisfaction of the engineer,

fec.14, trick Masonry,unless otherwlse specified sha’l be laid with mertor

coemposed of one rart by measure of natural cement,twe of sand,mixed
a5 spefified for ccnerete mortor, XNo ﬁprtor shall be used &fter 1t

hes set or partlallt set, For manholes,flush~tanks,end similer work
& limited number of half bricks may be used,not tc exceed one third

of the whole in any case,nless the engineer direct otherwise each



brick sha'l be throughly wetted inmediately before being laid.Tt
shall be laid with a full,close joint cof cement martcr on its bed,
edds,and side at one operaticn, In nc cese is mortor te be slushed
in afterwards. Special cere shall be taken to male the face of the
brick work smooth,and all joints on the interior of ihe sewer shell
be cercfully struck with the point cf a trowel or poirted to the

satisfaction of the engineer, where pipe comnecticns enter a man-~

hole "bull's~-eyes” shall be constructed by laying rowlock ccurscs
of brick around them,the cost of such construction being included
in the regular price bid for the aprurtenance, All brick-work shall
be thoroughly bonded,adjacent courses breaiing joints at least 1/3
the exposed length of the brick, |

Cec.15, Laying Pipe Sewers, Previocus tec being lowered intoc thre trench,
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eech pipe shall be carefully insnected and those not meeting the fore
going specifications shall be rejected,and e¢ither destroyed or re-
moved from the work within ten hcurs, No pine dhall be laid excent
in the presence of the engineer or his authorized inspecter,and the
engineer may order the removel and releying of any ripe not so lald.
Trench shall be excevated in accoriance with fection 7 and 12. Nc
sewer shell be lald within 10 feet of the excavation or 40 feect of
the blasting. Pipes having any defects wrich do not cause their re=
jection shall be so laid as to bring these in the top half of the
sewer,

the plpss and specials shall be so laid in the trench that after
the sewer is completed the interier surface thereof shall conform
sccurately to the grades and alignments fizxed and given by the engin-
ser, £11 adjustments to lire and grade of pipes laid directly upon the



bottom must be done by scraping away or filling in th: sarth under
the body of the pire,and not by blocking or wedging up.Special care
must be taken to prererly f£ill with merter the errular enace at the
becttom and sides as mell as at the tcp of the icints, The interior
of tie joint shall be wiped clean cf cement by wad meds of a sack
filled with hay,large encugh to tightly fill the pipe and attached
tc a rod or cord,which shall at all times be kert in the sewer and
pulled shead past each joint as scon as it is cemented., Mcerter used
shall be composed one vart Portland cement to one of sand wet to a
thick paste,

As socn as the cementing of any joint has been completed the
bell hele under the hub nust be cerefully and compactly filled with
sand,loam,or fine earth so as to hold external mortor finish of said
joint securely in its rlace, Refilling chall also be made with select-
od materials free from stones cerried half way up the sides or circum-
ferance of the entire length of pipe and compacted with a prover temp-
ing~tcol. ¥he trench shall then be filled to a point at least © feet
above the top of the pine with meterial contairing no stone larger
than two inches in any dimension,

At such places as shall be directed by the engineer,branches
w11l be inserted in the sewer for future connections,Each tranch
thus inserted shall be clcsed by a thin witrified stone ware ccover
or plug,which shall be placed before the speclal pipe is lowered into
the trench, The entire cost of furnishing and setting such covers shall
be included in the reguler price bid for branches,

Any omission of the required branches,manholes or other special
constructicns indicated upon the plans,or that may be specially order-
ed beforehand by the engineer,shall be corrected by the contractor at

his own expense,



Before leaving the work for the night or at any other time the

end T the sever shall be securely cleosed with a tight fitting plug.

Lec.l€. Wanholes of Varicus hinds-~ line,intersecticn,drop,etc,=-flush ~tanks,

inlets,and other appurtenences shall te bul®t where the enginecer may
directi,in size,form,thickness and all ot.er resrects in accordance
with the plans, All aprurtensnces shall be brcught accurately tc the
grade given By the enginecr, Great care shall be taken teo meke the
channels in manhéle conform accurately to the sewer grade,

Flush-tanks and inlets shall bz plastered on the outside with 1,2
inch cement mortorjand on the inside shall be glven three poats of thin
Portiand-cenent grout,without sasnd,avplied with a brush,each coat bbing
allowed to'set before the next is anvlied,

All concrete or brick-mascnry shall conform to specifications given
in Section 13 and 14, Zach appurtenence shell be begun within 24 hours
of the time 1t is reached in the laying of the sever and shall be com—
pleted and exfavation closed as expeditiously as possible.

BACK~-FILLINC,

N\

Sec.17, Back-filling,- In back-filling sewer trenches loese,fine earth,free

from stone,shall be used up to a point 2 fecet above the sewer,and shall
be thoroughly compacted in 6 inch layers with hand-rammers, The re=
meindcr of the trench may be composed of 1/3 broken rock snd no stone
cf this shall weigh more than 50 pounds. The filling shall be crowned

6 inches above the street surface,

Sef.18, Final Inspection, Upon notification by the Contracter of the come=
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pletion of the work hereln contracted for the engineer will carefully
inspect all sewers,appurtenenées and all other work done by the cone
tractcer, In each stretch of pipe sewer intended to be stréight light
shall be visible from one end to the other.Any broken or cracked pipe

shall be replaced with sound cnes, Any deposits found in the sewers,



cr protruding cement,shall bec removed end the sewor-bore left clean
and free throughout its entire length, All ﬁan~holes and otrcr ap-
putienences shall be of the srecified size and form and of a neat
appearance ,and their tops shall te set tc the prcper’grade. In generel
the work shell comply with these svecificatiorc,ard if found rot to do
so in any resrect shall be breught te rroper condition at the sxponse
of the contractor, ’

GBNERAL PROVISICNC,PAYMENTS,LTC,

cec,19, General Provisions. If any alteraticrs in plan directed by t e

tingineer diminish the quantity of work to be done they shall nct con-
stitute a claim for damages nor for anticipated profits,and any in-
crease or decrease shall be pald for or deducted according to the gqme-
ntity actually done,and at the price established for such work under
this contract,

The contracfor wlll be furnished with a set of drawings,showing
the details and dimensions necessary to carry out thé work,dimensions
in figures therecn having precedence over the scale,The plans submitted
to the contracters for proncsals are to be interpreted in conjunction
with the specifications and descriptions cf the character of the work
appearing on the pian arc made a pgrt of these specifications.

The contractcr shall provide suitable stakes,plank,and forms,and
render such assistance to the engineer at his own expense,as may be
necescsary to establish lines and grades for the guldance of his work anc

shall carefully preserve sald points at all times,

sec,20, Resnonsibility for Injurles, The Contractor shall be responsible for

3

injuries to persons and property inflicted during the constructicrn €f
the work and the city may at its discretion withhold the amount of
such‘injury or damage from any estimate due him which mey be nceded to
meke geod such damages ér injuries,and the city shall not in any wise be

1iable therefor,



The contracter shall nlace sufficient lights on or near the werk and

keep them burning from twilight to sunrise,

cec.21. Txtra Work, If any work of the general nature herein ccniracted

for,but for doing wrich a bid has not becen specielly made,chall nesed
be done thre contractor shall do the same under the direction of the
engineer,and shall receive therefore the actual cost of labor erd
material used plus ten pereent (10%) for superindendence and use of
tcols,but he shall not be entitled to receive payment feor any work as
extra work unless ordered by the engineer to do the same as such, N ¢
claim for extra work will be allowed if nct madc before the nayment of

the next following monthly estimete,

fec.,22, Time of Cormmencement and Completicon, The perty of the seceond part

agrees to begin the work herein contracted for within two weecks of

the awarding of the contract ard to fully complete the work herein
specified on or before the ...... day after the awarding of said con=-
tract,but the party of the first part may extend the time of completicn

shculd they deem it fer the best interests of the city.

Sec,23, Position of the Engineer, The engireer shell have the final cecibion

on all mattems of dispute involving the character of the word, the com-
rensations to be made thereof,or any question arising under this con-
tract, He shall as represenging the city,have the option of making

any changes in the line,grade,plen,form,position,dimensions,or materisl
of" the work thereiln contemplated either befrre or after construction
hes begun,and all expianations or directlons necessary for cerrying

out and completing saticsfactorily the different descriptions of wecrk
contemplated and provided for under this contract shall be given bym

sald englneer,



Sec,24, Dutics of the Contractor. The Contractor must rerfcrm the work con-
trectec for strictly in aecordance with these spegifications,esnd follow
at all times,without delay,all orders or instructiors of the engineer
in the prosecution and completion of the work and =svery part therecf,
and constently be on the grounds or be represented by a duly gaslifi-
ed verscn to lcok after the work and receive instructiors.

seB.25, Measurements and Payments, ifeasurements of sewers shall be taven fror
the center ol uppermost manhole or flusk-tank on each line tc the
center of the manhole at its junction with a main cr lateral,or to the
center line of such mein or lateral at the ju ction,ineluding all
branches,marholes,or other appurtenences alcong the line., The depth
by which sewer prices will be graded will be mezsured from the sur-
face of the ground to the undersiée of the sewer pipe or concrete, The
price bid for sewers shall include furnishing all materiels and labor
for excavating,shoring,constructing the sewers in acccrdance with
the specifications and plans,back-filling,restoringnthe street sur-

face as previously specifled, Por all matters in connection there-

with heretofere specified as being so inciuded. Eranches shall be paid

T
for By the plece at the price bid,which shall include the cost of

furnishing and fixing plugs in said branches where necesssary,

Flush tanks shall be paid for at the price bld fcr each tank,this
to Jnclude the tank complete as set forth by drawings and specifica-
tions,including the excavetion and back~filling,ventilatiocn pipe and
irén head.

Urdinary manholes shall bLe paid for of the basis of a depth of 4
feet with an additional amount for each foot excceded,price bid to
include excavatior and back filling,furniching and setting iron cast-
ing and steps,end completing the whole as set forth in the plans and

24 specifications, The depth of flush tanks and manholes shall be measured



o qar

from the invert of a pipe sewer to the top of the iron head when pro-
rerly set,

The price of brick or concrete nct othorwise proviazd for shall be
per cubic yard by actual measurement in place,rrovided such dirensions
do not exceed those incdicated or implied in the plans or instructions
of the engineser,

Iron work,bcth cast and wrought:shall be paid for by the pound:
No payment for iron work as sue¢h shall be made for the heads or steps
or other divices included in the masnholes and other appurtenences as
shown in the plans and specifications.

The price of timber in foundations shall inelude the furnishing
and setting of the same,

The engineer at the first of each month,or within five days therec-
after,during construction will estimate epnroximately the amcunt ofn
work completed during tﬁe preceeding month accerding to trhe specifisa-~
tions,and eighty-five percent (285%) of the amdunt due beyond the reser-
vaticn herein made will be paid the contractor on or before the 15th
day cof each month for the work of the preceeding month,

When the contract shall have been completely performed on the part

of the contractor the engincer shall proceed to make finesl measurements

and estimates of the same,and shall certify the same to the City

Council,who shall,exceprt for cause herein specified,pay to the con-
contractor,on or before the 186th day after such completion of the con-
tract,the balance which shall be found due,excepting therefrom such

sun as nay be lawfully retained under any provision of this contract.
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