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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters [ gallon = 8.34 Jbs when specific gravity is 1.0
I meter = 3 .28 feet Lkg=221bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m*=10.76 ft* 1 mg/L =1 ppm
' I pg/L=1ppb
1 gallon = 3.785 liters
1 ft* = 7.48 gallons I day = 1440 minutes
1 m®=3531ff L hp =0.746 kW
1 ftwater = 0.433 psi -1 gram=15.43 grains

1 grain per gallon =17.1 mg/L

Water Formulas
pounds per day = (concentration in mg/L)*(flow rate in mgd)*(8.34)

chloring dose = demand + resid_ual

velocity = flow V=0
' area A
flow rate = volume Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CV,
(conc. 1)*(volume 1) + (cone. 2)*(volume 2) = (conc. 3)*(volume 3) -
CiVi+ GV, = C3V3

horsepower = (flow in gpm)*(lift in feet)
3960
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Unit Conversions
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Unit Conversion Problems

Convert 7 days into seconds.

Convert 120 feet of static head into psi

Convert 20 cft into gallons.

Convert 5 mgd into cfs

Convert 14 acres into square feet

Convert 37,850 liters into cubic feet

Convert 43,560 cf into gallons

Convert 2000 pounds into grams

Convert 3 yards into gallons

'Y



10.

11.

12.

13.

14.

15.

16.

17.

18.

(&
Convert 34 miles into acres

Convert 60,000 milliliters into cf

Convert 15,000 mg/L into percent

Convert gpm/sf into liters per second per square meter

Convert 80 mph into fps

Convert 1 acre-ft/day into gpm

Convert 50 gallons of water into pounds

Convert 600 gpm into mgd

Convert 50 psi into feet of static head



19.  Convert 6% into mg/L

20. Convert 4000 gallons of water into cubic yards

71 Covert 30w 4 kwh.

e



Unit Conversion Problems

Convert 7 days into seconds.
I dous| YD mind e, l GOserondia \ - (oD, 8OO Stonds

| dM \ | minude, \

Convert 120 feet of static head into psi

2.0 i?ﬁﬁf;‘-"ia%?sﬁ@i% - 5196 psi

i o
i E e 5

Convert 20 cft into gallons.
20 <& | 1YE

B &

! % = lL{q ) Lig ra‘““ Dr\:_[

-
0

Convert 5 mgd into cfs

Sooa loeooeosel ) ek Y idaq N\ mia ) vz cf
- =

dm’\ l Ly ‘1‘—(8 @*9“4 \ IMHO min \iaai) W ia
Convert 14 acres into square feet -

s | 05 | 09,8490 5
|\ aere |

Convert 37,850 liters into cubic feet
31850 LA | el | lef 113370
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10. Convert 34 miles into acres
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12.  Convert 15,000 mg/L into percent
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13.  Convert gpm/sf into liters per second per square meter
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15.  Convert 1 acre-ft/day into gpm
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16.  Convert 50 gallons of water into pounds
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Convert 6% into mg/L
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Unit Conversions

1. One cubic foot of water contains
2)7.48 gallons
b)8.34 gallons
¢)3.785 gallons
d)62.4 galions

2. Five gallons of water weighs
a)41.7 pounds
b)37.4 pounds
¢)5.0 pounds
d}18.9 pounds

3. How many gallons of water are there in 5 cubic feet?
a)41.7 gallons ‘
h)37.4 gallons
¢)15.0 gallons
d)100.0 gallons

4, If water weighs 8.34 Tbs/gal, how much will 7.5 gal weigh?
a}50.8 1bs
b)62.5 Ibs
¢)75.6 lbs.
d)77.3 Ibs

5. A flow of 1.55 cubic feet per second is how many gallons per minute?
a)11.6 gpm
b)776 gpm
¢) 965 gpm
d)696 gpm

6. Your pumnp ran continuously for 24 hrs and delivered 288,000 gal. The capacity of the

pump 18 gpm. Seléct the closest angwer.”
a) 100
1)200
¢) 1000
d)12000

7. A fluid with a specific gravity of 1.05 weighs Ib/gal,
a)8.4 -
b)8.8
c)7.2
d)8.5




8. You have a water storage tank that is 90' tall and 45" in diameter, it currently has 56' of
water in it, what is the pressure in the bottom of the tank

a)24.2 psi

b) 14 psi

c)2 psi

d)100 psi

e) 56 psi

9. A flow of 2500 gal/min is equal to how many million gallons per day?
a)2.5 med
b)3.6 mgd
¢)5.0 mgd
d)7.2 mgd
Operations Forum March 2001

10. Regardless of shape, 1 ac-ft of water is equal to
2)33,000 i3
b)43,560 fi3
¢)55,560 13
d)77,840 fi3
None of these answers are correct

11. A potable water flowmeter réads 76 gal/min. What is the total flow, in gal/d’?
a)633.8 gal/d
b) 1824 gal/d
¢) 14,085 gal/d
d)109,440 gal/d
Operations Forum November 1997

12. The pressure gauge on the bottom of a water holding tank reads 15 psi. The tank is
15 ft in diameter and 40 ft high. Tlow many fest of water are in the tank?

ay11.8 ft

b)25.0 ft

c)34.6 ft _

d)38.9 ft ' '

13. A liquid has a specific gravity of 1 16 How much would 300 gallons of this liquid
weigh?

2)2901 pounds

b)348 pounds

¢) 2603 pounds

d)2156 pounds




14, Bight boxes of packing (for pumps) were delivered. The invoice showed §15.93
each, What is the total cost of the packing?

a)$106.34

b)§127.44

c)$1.99

d)$95.58

15. A water treatment plant used 647 chlorine cylinders during one year of operation.
The average withdrawal from each cylinder was 138 lbs What was the total number of
pounds of chlorine used for the year?

a) 50370

b) 70872

¢) 69876

d) 89286

16. A pump delivering 288,000 gallons of water in 24 hours operates at what average
flow rate?

a} 12000 gpm

b)200 gpm

¢) 1000 gpm

d)100 gpm

17. A cléar well pump delivers 750 GPM to the main water storage tank, The demand for
water from this tank is approximately six million gallons per week. How many hours
does the pump need to run each week to meet the demand?

2) 80 Hours per Week

5)13 Hours Per Week

¢) 56 Hours Per Week

d)133 Hours Per Week

e) 168 Hours Per Week -

18. Your Water plant treats water at a rate of 700 GPM. How many MGD is th1s‘? .
a)1.008 MGD
5)0.700 MGD
¢)0.1008 MGD
d)1.800 MGD
e)0.420 MGD

A2
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UNIT CONVERSIONS

1. If water weighs 8.34 Ibs/gal, how much will 7.5 gal weigh?
a)50.8 1bs
b)62.5 1bs
¢)75.6 ibs.
d)77.3 ibs

2. Your pump ran continuously for 24 hrs and delivered 288,000 gal. The capacity of the
pump is gpm.

a)100

b)200

¢) 1000

d)12000

3. A fluid with a specific gravity of 1.05 weighs Ib/gal.
a)8.4
b)8.7
c)7.2
d)8.5

4. A flow of 2500 gal/min is equal to how many million gallons per day?
a)2.5 mgd
b)3.6 mgd
€)5.0 mgd
d)7.2 mgd
?0perations Forum March 2001

5. Regardless of shape, 1 ac-ft of media in a trickle filter is equal to
a)33,000 ft3
b)43,560 ft3
) 55,560 ft3
d)77,840 ft3
e) None of these answers are correct
?0perations Forum July 1999

6. A potable water flowmeter reads 76 gal/min. What is the total flow, in gal/d?
a)633.8 gal/d
b) 1824 gal/d
¢) 14,085 gal/d
d) 109,440 gal/d
?0perations Forum November 1997




7. The pressure gauge on the bottom of a water holding tank reads 15 psi. The tank is 15
ft in diameter and 40 ft high. How many feet of water are in the tank?

a)11.8 ft

b)25.0 ft

c)34.6 ft

d)389 ft
?Operations Forum November 1997
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Algebra Review
(rearranging equations)



/5

//z, gesen rviens

A 5 StofEy wwen FoR A EAs

SIALE  TTBRK . 7o  FEE  SwicessFeid
N EVRLLG TG A GESLE/C EQUIATIONSS s
Lo oM 4 AN EELD  TO  LESIEFIIAEL TLXD
THIAIGES S

/0 //ﬁjc_y /%%55 Dowrs /47: TEE QA@&{_
LD
2 EpuAc 17t BucEs

7%47 tes Donners %F == 5&4&% = 7/7 DHS
P Lo Pooers o0y /Wff%%/%
SN o /0y
D K e
A A ao
. § %)/ _j“é/éﬂéﬂ s 7L

TF  we ahoays ob Hhesa Thinas 0
order, we w alenys UL S
/”/'jﬁ/f OIS0OEr -

Jor  exompt :

(S+2)+85 -4 = x
58— =x
90 =4

= X
3¢ =X



/9

TZ o donAt > Fhe  gibe rufe s

For 2/ Mpves Dowurs Arrze Scpcoc
e eont/ ﬁ&" 4 A herert (and 47%&/\7? /)
Y D

( 5+ 2)%E-Y = x
(3r2)*d = X
S =x
IO =X

@/7 ypéc /m& 7%& /mﬂ%% A Z& ﬁ
Pg//ﬂ_ /O//)fj -7 %a//z /%7%2 SIS %Cﬁée/
517 ﬁﬁﬁt purng e F2007 /52/5
M&c/ [/ ﬁﬁ Ve, o7 { ;%z/’ zj/ﬁ//ééf‘
~~ "D /sASTEL. m——«

The  Secor Shi < T IEnEnber  wW
Rl ﬁ 10/ LA 65&(&’/7&/75 s Fhot %M?//%/
Pl E

%m 2 20 0 y%é/ﬁ ) ) ez (ﬁﬁ&/&
V74 A/ﬂf ﬁ% 52/ a5 /ﬂ@ 05 /(,M(_

E4 é{f/
/ é{/,?/// y g 70 Polh soks

(ﬁézﬁ/)afz



20

P Eramae :
PV o= BT A&/ /’//%/?/5 L)

LA L gt S e Fhe T A e
oG sioE o e equnton Z
divide. Doy 51058 of the
6'35//(.& folod 75;/ Ve '

AV = T
-

=

A, e T s come) eacheter adt o
e JIGNT si0E of e (ijé(ﬁﬁb/&

/4/7% Pumber  or-

fe e Otk by AV nk
| Hse S s dg&(é’/ 7
b2 £
;{-—;/ -@é:_/ e,

ey Hpa
0- V.

7

e o e Jelt siok of Hhe
EqUa 7077 and @ o the. /‘ﬁﬁ% S/



Y, //‘744/75/29@ BT SIDES 59/ a
P - V1
Q al

2 Coel! F T ou’ o /’W% <107
£ =V
s Aok Poth sibs éy @

Lo . L
@ 2

9 e/ Q7 out o JelSF sl
‘= /

¢ s

/

0&6 oreé. € xz?ﬂgd/a o

ArB- <
(D+E)

-2
3

il !

=

FIR

SINEN

/O
/

]



A 5= <
(D)
%//’5% p/gg‘ Vs O 3= D
/ﬁé(_ /@7&@ (/%éi)
Ay, &m/ﬁ/// Lol
7l AmoAS ruk 5= 0
w2 &, (/f—é':’s
7l wse 7%& i,
_/‘dé/é’, 7D /7/5 56( /
SO/V/@
5 = /O >
(7+&
(/XS J0 (/4£)
(/1+E) g
(/+EYS )= /0
{/fEJKS}

(/,L[)' ,Z _/
(1+EN-1 = 2 -] > y
E =/

22 £



Chve rawre 73/6’66. oF Qe

/7_/4@676/5 7 qs s 77 o
c?f?)éaaz %a&’ =y Checd o Ok %fﬂcc/

‘é % CO/} V/(S/bgg need 7 PE 10T
¢ Q/CL S0 W@ .

_,/Vé?/%/o/e. o
Plant A has  an et Ll
o Zmgp. T Gesr Sl
yolennie  Js 20000 SO Fnd
e A, /;//mz//c_ rEren fon e

. Poirs,
“
o7 MG I0C0 L
| D 7
(o %) : 3 7
| & /L= 0 ooo lew 1 7S DOM T gres Y

COole&ERT  ONE.

0, 000 13 /@ﬁ[«y / ol 716
! F17 [jpegecos

(224N = o9 s
= 0,078 s

Oo7YE pHyS /077/% [0z |~ S08 rorrecs=S
, / 23427 ! AL



Sidney’s Big Book of Water and
Wastewater Math

_Z;D/qo 1/1//412& G@““’


Tom Biesterfeld
Text Box

Tom Biesterfeld
Rectangle


Unit Conversions to Know by Heart

1inch = 2.54 centimeters 1 gallon = 8.34 Ibs when specific gravity 1s 1.0
1 meter = 3.28 feet lkg=2.21bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m®=10.76 &* 1 mg/L =1 ppm
' 1 g/l =1ppb
1 galion = 3.785 liters
1 ft* = 7.48 gallons 1 day = 1440 minutes
1m’=35311 1 hp=0.746 kW
1 ftwater = 0.433 psi -1 gram = 15.43 grains

1 grain per gallon = 17.1 mig/L

Water Formulas

pounds per day = (concentration in mg/L)*(flow rate in mgd)*(8.34)

chlorine dose = demand + resid_ual

velocity = flow V=0

‘ area

flow rate = yolume Q=¥
time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=GV,
(cone. 1)*(volume 1) + (Conc. 2)*(volume 2) = (conc. 3)*(volume 3} -
CiVi+ G Vo= C5Vs

horsepower = (flow in opm)*(lift in feet)
3960




Geometry
(volumes and areas)



Useful Geornetric Formulas

W Area = (Lengthy*(Width)

*Applies to sqguares and rectangles

Area=-H*r2
Area=11*r*y

* The radius, 1, is equal to one-half the diameter

Area = (Base)*(Height)
2

Volume = (Length)*(Width)*(Height)

Volume =II *+* * 1

Volume=JI]*r*r*h

Volume=11*r2*h
3

Perimeter = @*I )@

Or

Perimeter = (ID*(d) where d = diameter




TANK GEOMETRIES

1. The formula for calculating the volume of a wet well is:
a)V=L*W*C
byV=W*A*P
)V=W=*L*H
HV=W*H*D

2. The diameter of a wet well is 10 ft. If filled to a depth of 10 ft. It will contain
approximately:

a)2987 gal.

b)5872 gal.

¢)6024 gal.

d)10,602 gal.

3. Find how many gallons of liquid are in a tank which measures 40' long, 25" wide and
12" high.

a) 89760

b)79872

c)67859

d)90272

4. A cylindrical tank is 10 ft in diameter and 20 ft in height. What is the approximate
capacity in liters?

a)44,450 liters

b)31,030 liters

¢) 5,942 liters

d)4,445 liters

5. Approximately how many gallons would 600 ft of 6" pipe hold?
a) 740
b) 880
¢) 900
d)930

6. What is the volume of water (in gallons) in an upright 25 foot diameter cylindrical
tank with a water depth of 22 feet?

a) 10,794

b)13,750

c) 80,737

d)90,022

e) 102,850



7. A plant has a 90-ft diameter sludge tank with a sidewall depth of 20 f. The tank also
has a conical bottom that is 8 ft deep. The tank has a sludge liquid level of 15 ft
(sidewater depth). How many gallons of sludge liquid are in the tank?

a) 586,593

b)713,424

¢) 840,255

d) 1,093,936
?0perations Forum December 1998
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Boulder Operator School Water Math

Geometry

1. A clearwell is 50 feet long by 8 feet wide by 10 feet deep. What is the volume of the clearwell
in cubic feet?

Answer:; cft

2. A sedimentation basin has a surface area of 625 sft. If the basin can hold a maximum of 6250
cubic feet of water, how deep is the basin?

Answer: ft

3. A water storage tank currenty holds 323136 gallons. If the water depth in the tank is 12 feet,
what is the area of the tank is square feet?

Answer: ft

4. A clearwell is 30 feet long by 30 feet wide by 20 feet deep. What is the volume of the clearwell
in gallons?

Answer: gallons

5. The distribution system has 3 storage tanks. Each tank is 25 feet long by 15 feet long by 12
feet deep. What is the maximum storage volume of the distribution system in gallons?

Answer; gallons

8. A sedimentation basin is 25 feet long by 15 feet wide by 12 feet deep. Find the perimeter of
the basin in feet.

Answer: feet

7. The inside walls and bottom of a concrete tank must be painted. The floor of the tank is 25 feet
long by 15 feet wide. If the tank is 12 feet deep, how many square feet of area require painting?

Answer: square feet
8. Find the volume of a pipe that is 2 feet in diameter and 300 feet long.
Answer: cft

9. A water tank currently holds 528730 gallons. If the tank is filled to a depth of 25 feet, what is
the diameter of the tank?

Answer: feet
10. Find the length of 12-inch pipe required to hold 146.8 gallons.
Answer: feet

11. A round storage tank has a surface area of 78.54 square feet. The tank holds 1963.5 cubic
feet of water. What is the diameter of the tank?

Answer: feet

Sidney Innerebner, Ph.D., P.E.
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Boulder Operator School Water Math
12. The distribution system contains 2 large mains. Each main is 300 feet long and 15 inches in
diameter. How much water ¢an both mains hold? Express your answer in galions.

Answer; gallons

13. Find the perimeter of a round sedimendation basin if the diameter is 20 feet.

Answer: feet

14. A tank must be painted on all of the inside surfaces. The tank is round with an open top. If
the tank has a 10 foot radius, find the area to be painted in square feet. T he. 4ank. ts 15 & de@P.

Answer square feet

15. A 10 foot diameter tank has a conical bottom. The sidewater depth (top of cone to water
surface level) is 15 feet. The cone is 8 feet deep at its deepest point. What is the volume of the
cone in cubic feet?

Answer. cft

16. A 24 foot diameter tank has a conical bottom. The sidewater depth (top of cone to water
surface level) is 20 feet. The cone is 6 feet deep at its deepest point. How many gallons of water
are in the tank?

Answer: gallons

17. A round tank with a conical bottom holds293739 gallons. If the cone is 6 feet deep atits
deepest point and the diameter of the tank is 50 feet, what is the depth of the main part of the
tank?

Answer: feet

Sidney Innerebner, Ph.D., P.E.
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Tank Geometries and Volumes

19. Find how many gallons of liquid are in a tank Wb_lch measures 40' long, 25" wide and
12'high.

a) 79872

b)67859

c)90272

dy89760

20. The diameter of a clear well 15 10 ft. If filted to a depth of 10 ft. It will contain
approximately:

a)2987 gal.

b)5872 gal.

¢) 6024 gal.

d) 10,602 gal.

21. A cylindrical tank is 10 ft in diameter and 20 ft in height. What is the ap}aroximate
capacity in liters?

a) 44,450 liters

b)31,030 liters

¢) 5,942 liters

d)4,445 liters

22. Approximately how many gallons would 600 ft of 6" pipe hold?
a) 740
b)880
c) 900
d)930

23” The effluent weir of a clarifier is located along the rim of a 60- ft diameter tank. What
is the approximate length of the weir?

a)2826 feet

b)377 feet

c) 188 feet

d)540 feet

24. The entire surface of a free-standing cylindrical tank with an exposed; flat bottorn
must be painted. The tank does not have a top cover. The tank is 50 mches in diameter
and 8 feet high. What is the total interior and exterior surface area to be painted?

a)237 square feet

b}105 square feet -

¢)245 square feet

d)118 square feet



25. What 1s the volume of water (in gallons) in an upright 25 foot diameter cylindrical
tank with a water depth of 22 feet?

a) 10,794

b)13,750

¢) 80,737

d)90,022

) 102,850

26. You are going to add 6" of coal to one of the filters in your plant, The filter measures
10"x 12". Each bag of coal contains 3 cubic feet, How many bags will yvou need to order?
a)32 bags -
b)60 bags
¢) 10 bags
d)20 bags
e) 15 bags

27. Your system has just installed 2,000 feet of 8" pipe. How many gallens of water will
it take to fill it?

2)5,115

h)521.4

¢)2,145

d)6,971

&)697.1

28. A plant has a 90-ft diameter storage tank with a sidewall depth of 20 ft. The tank
also has a conical bottorn that is 8 ft deep. The tank has a Hquid level of 15 ft (sidewater
depth). How many gallons of water are in the tank?

a} 586,593

b) 713,424

c) 840,255

d)112,334

29, The flow velocity in a 6-in. diameter pipe is twice that in a 12-in diametet pipe if both
 are carrying 50 gal/min of wastewater.

a) True

b)False
Operations Forum January 1997
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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters [ gallon = 8.34 1bs when specific gravity is 1.0
I meter = 3.28 feet Tkg=221bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m?=10.76 ff* I mg/L=1ppm
' 1 ug/L =1 ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons 1 day = 1440 mimates
1 m®=3531 [ hp =0.746 kW
1 ft water = 0.433 psi -1 gram = 15.43 grains

I grain per gallon = 17.1 mg/L

Water Formulas
pounds pér day = {concentration in mg/Lj*(flow rate in mgd)*(8.34)

chlorine dose = demand + resid_ual

velocity = flow V=0
‘ area A
flow rate = volume T Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CG Vs
(conc. 1)*(volume 1) + (¢onc. 2)*(volume 2) = (cone. 3)*(volume 3) -
CiVi+ CVa=CaVy

horsepower = (flow in gpm)*{lift in feet)
3960




Hydraulic Retention Time
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HRT

30. What is the average detention time in 2 basin given the following: diameter = 30'
depth = 15' flow =700 gpm -

a) Lhr. 34min.

b) lhr. 53min.

¢} thr. 47min.

d)2 hrs. 3 min.

31. What is the average detention time in a basin given the following: diameter = 80°
depth = 12.2' flow = 5 MGD

a)2.2 hrs. '

b)1.68 hrs.

¢)2.4 hrs.

d)1.74 hrs.

32. Two 50-ft diameter, 10-ft deep sedimeéntation basins operating in parallel handle a
flow of 2 mgd. What is the detention time in hours (assume the basins have flat floors)?
a)3.5 hrs
b)6.7 hrs
¢) 7.0 hrs
dy2.0 hrs
Operations Forum March 1998

33. Your finished water storage tank is 35 feet in diameter and 65 feet high. With no
water entering it the level dropped 4' in 5 hours. How many gallons of water were used in
this period?

2)7,193

5)71,930

¢)467,542

d)28,772

e) 62,506

34, If two pumps will pump 120 gpm each, how long will it take to ﬁll a tank 50" long,
20" wide, and &' deep?

a)2 hours, 27 mirutes -

b)4 hours, 42 minutes

¢)4 hours, 9 minutes

d)1 hour, 49 minutes

5




35. Given the following information, what is the water tank detention time? Diameter =
80 ft Depth=25ft Flow rate = 25000 gpd

a)47.8 days

b)25.2 days

c)37.6 days

d)15.7 days

36. Compute the detention time in hours in a final sedimentation basin given: Diameter =
95" Depth= 11" Flow rate = 7.0 MGD

a)1hr. 59 min :

b)2 hrs 10 min

¢)4 hrs 10 min

d)1 hr

37, A settling basin 60' by 12" and 12' deep 15 used to treat a flow of 2.4 MGD. What is
- the detention time?

a) ‘15 min.

b)“39 min.

¢) ‘1.1 hrs

d)2.3 hrs

38. What is the detention time in a reservoir if the influent flow rate is 0.785 MGD, the
reservoir depth is 22 feet, and the reservoir covers 17 acres?

a) 97 days

b)56 days

¢) 155 days’

d)}180 days

£)420 days

39, Your filters fill your clearwell at a rate of 375 gpm. The clearwell measures 10' wide
x 80" long x 12" deep. If it had 5' of water in it how long would it take to fill completely?
1.9 hours ' '

111.7 minutes

19.1 mmutes

11.1 hours

191 minutes

53
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Boulder Operator School Water Math

Hydraulic Retention Time

18. The wet well holds 5 million gallons and the finished water production rate at peak hour is
2800 gpm. What is the hydraulic retention time of the wet well in minutes?

Answer. minutes

19. A number of pumps are used to fill a water tank. Each pump transfers water into the tank at
a rate of 2800 gallons per minute when 4 pumps are used. The tank can be filled in 29.76
hours. What is the volume of the tank in cubic feet?

Answaer: cubic feet

20. A water main feeds a subdivision. The main is 500 feet long and is 12 inches in diameter,
The distribution crew is flushing the main to remove sediment. How long shou]d they flush the

line to achieve 2 pipe volumes? Express your answer in minutes. Zhe cE gehyers 30 2
f

ot Fled.

Answer: minutes

21. A rectangular basin measures 100 feet long, by 50 feet wide, by 12 feet deep. A pump
drawing water out of the full tank is able to empty the tank in 1.24 days. What is the pump rate
in gallons per minute?

Answer. gpm

22. A rectangular tank is being filled by 4 pumps. If the tank is 100 feet long by 50 feet wide by
12 feet long and takes 1.24 days tofill. At what rate is each pump moving water into the tank?
Express your answer in gpm.

Answer: gpm

23. Water enters the distribution system at 4.03 mgd. The transmission line has a diameter of
12 inches and is 500 feet long. The transmission main feeds a 5000000 gallon storage tank. If
water leaves the tank at the same rate that it enters, calculate the water age as it leaves the
tank. Assume the tank is full. Express your answer in hours and minutes.

Answer:

24. Water leaves a full, cylindrical tank at a rate of 8.24 cfs. The tank volume is reduced by 50%
after 29.76 hours. If the tank is 20 feet high, what is the diameter in feet?

Answer: feet

25. A water tank on the top of a hill holds 60000 cf of water. The tank is completely empty. The
tank is fed by a booster pump station with 4 pumps. Each pump is rated at 1120 gpm. If the
distribution crew needs to fill the tank in less than 29.76 hours, what is the least number of
pumps that could be used? Assume that pump rates remain constant regardless of the volume
of water in the tank.

Answer: pumps

26. A 12 inch pipeline needs to be flushed. If the desired length of pipeline to be flushed is 500
feet, how many minutes will it take to flush the line at 50 gpm?

Answer. minutes

Sidney Innerebner, Ph.D., P.E.
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HYDRAULIC RETENTION TIME

1. If two pumps will pump 120 gpm each, how long will it take to fill a tank 50’ long, 20'
wide, and &' deep?

a)2 hours, 27 minutes

b)4 hours, 42 minutes

¢)4 hours, 9 minutes

d)1 hour, 49 minutes

2. What is the average detention fime in a clarifier given the following: diameter = 30
depth = 15" flow = 700 gpm

a) lhr. 34min.

b) 1hr. 53min.

¢) 1hr. 47min.

d)54 minutes

3. What is the average detention time in a clarifier given the following: diameter = 80’
depth = 12.2' flow = 5 MGD

a)2.2 hrs.

b)1.68 hrs.

¢)2.4 hrs.

d)0.94 hrs.

4. Determine the flow capacity of a pump in gpm if the pump lowers the wastewater in 2
six-foot square sump by 8 inches in 5 minutes.

a)35.9 gpm

b)57.6 gpm

¢)92.4 gpm

d)179.5 gpm

e)430 gpm

5. What is the detention time in a stabilization pond if the influent flow rate is 0.785
MGD, the pond depth is 4.5 feet, and the pond covers 17 acres?

a)97 days

b)56 days

¢)32 days

d}14 days

¢)4.2 days

6. A 20-ft diameter clarifier with a depth of 8.25 ft receives a flow of 0.314 mgd. What
is the detention time?

a}1.22 hours

b)1.48 hours

¢) 1.75 hours

d)2.25 hours
?0perations Forum October 1998
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7. Compute the detention time in howurs in a final clarifier given: Diameter = 95' Depth =
11" Flow rate =7.0 MGD

a)1 hr. 55 min

b)2.0 hrs

¢)2 hrs, 10 min

8. Compute the lagoons detention time. Surface area = 6.0 acres, Average depth = 3.0 ft,
Average daily flow = 0.25 MGD

a)3 days

b)8 days

)24 days

d)29 days

9. A settling basin 60' by 12" and 12' deep is used to treat a flow of 2.4 MGD, What is
the detention time?

a)15 min.

b}39 min,

c}‘l1.1 hrs

d)2.3 hrs

10. Two 50-ft diameter, 10-ft deep secondary clarifiers operating in parallel handle a
flow of 2 mgd. What is the detention time in hours (assume the clarifier has a flat
floor)?

a)3.5 hrs

b)6.7 hrs

¢)7.0 hrs
?0perations Forum March 1998

11, A chemical feed pump has been rebuilt and must be calibrated for maximum pump
rate. Ifit takes 1 hour and 15 minutes to fill a 10-ft X 5-ft X 10-ft rectangular tank, what
is the maximum pump rate in gal/min?

a) 67 gal/min

b)50 gal/min

)45 gal/min
?Operations Forum March 1998
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Sidney’s Big Book of Water and
Wastewater Math
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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters 1 gallon = 8.34 Ibs when specific gravity is 1.0
I meter = 3.28 feet lkg=221bs
1 mile = 5280 feet
1 acre =43 560 ft* 1% = 10,000 mg/L
1 m?=10.76 ft* I mg/L =1 ppm
' 1 g/l =1 ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons 1 day = 1440 minutes
1m’=3531ft 1 hp = 0.746 kW
1 ft water = 0.433 psi 1 gram = 1543 grains

1 grain per gallon =17.1 mg/L

Water Formulas
pounds per day = (cobcentration in mg/L)*(flow rate in mgd)*(8.34)

chiorine dose = demand + resid_uaI

velocity = flow V=0
' area A
flow rate = volume Q=¥

time t

overilow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir

(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=GV,
(conc. 1)*(volume 1) + (cone. 2)*(volume 2} = {conc. 3)*(volume 3) -
CiVi+ CVa=C3Vs

horsepower = (flow in gpm)*(lift in feet)
3960
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PERCENT REMOVAL or PERCENT EFFICIENCY

1. If the influent SS are 200 mg/l and the effluent SS are 16 mg/l what is the removal
efficiency?

a)93%

b)92%

¢)85%

d}97%

2. What is the percent of BOD removed in a plant when the influent BOD is 245 mg/L
and the effluent BOD is 22 mg/L?

a)92%

b)86%

¢)35%

d)13%

€)9%

3. Calculate the percentage reduction of BOD through the plant, given the following
data: Wastewater entering the plant has a BOD of 275 mg/l; Plant effluent has a BOD of
30 mg/t

a)11%

b)30%

c)45%

d)89%
?0perations Forum June 2001

4. The influent suspended solids concentration is 80 mg/l. The effluent suspended solids
concentration is 20 mg/l. Calculate the treatment efficiency of the plant.

a)25%

b)40%

¢)60%

d)75%
?Operations Forum April 2001

5. If primary treatment can be expected to remove 30% of BOD and secondary treatment
can remove 85% of BOD, then the expected overall BOD removal will be

2)95%

b)89.5%

¢)77.5%
?0Operations Forum September 1998
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Unit Conversions to Know by Heart

1 imch =2.54 centimeters 1 gallon = 8.34 [bs when specific gravity is 1.0
1 meter = 3.28 feet 1 kg=22lbs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L.
1 m®=10.76 ft’ tmg/l =1 ppm
' 1 g/l =1ppb
1 gallon = 3.785 liters
1 = 7.48 gallons 1 day = 1440 minutes
1 m®=3531f 1 hp =0.746 kW
1 ft water =0.433 ps1 . 1 gram = 15.43 grains

1 grain per gallon = 17.1 mg/L

Water Formulas
pounds per day = (coticentration ih mg/L)*(flow rate in mgd)*(8.34)

chiorine dose = demand + residual

velocity = flow V=0
' area A
flow rate == volume Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=GV,
(conc. 1)*(volume 1} + (cone. 2)*(volume 2) = (cone. 3)*(volume 3) -
C1Vi+ GV =C5V3

horsepower = (flow in gpm)*(1ift in feet)
3960
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VELOCITY

1. What is the approximate volume of flow (MGD) treated in a 7' wide, 4'deep grit
chamber, if a floating stick moves 24' in 30 seconds.

a)13.65 MGD

b)16.7 MGD

¢)15.42 MGD

d)14.5 MGD

2. A 42" diameter pipe is flowing at a rate of 6.5 ft/sec. What is the flow rate in cu
ft/sec?

a)17.86

b)35.71

€)62.50

d)521.25

3. Given the following data, calculate the average velocity in the channel. 2.5 ft wide
channel, flow depth is 1.4 fi, flow rate is 7.2 MGD

a) 1.2 ft.sec

b)3.2 ft/sec

¢)11.2 ft/sec

d)32.2 ft/sec

4. A plastic float is dropped into a wastewater channel and is found to travel 10 feet in
4.2 seconds. The channel is 2.4 feet wide and is flowing 1.8 feet deep. Calculate the
flow rate of this wastewater in cubic feet per second.

a)1.0 ft3/sec

b)2.3 fi3/sec

c)4.2 ft3/sec

d)5.7 ft3/sec

e)10.3 fi3/sec

5. What is the average flow velocity in fi/sec in a 12-in diameter force main carrying a
daily flow of 2.5 mgd?

a)4.9 ft/sec

b)5.3 ft/s

¢)18.0 ft/sec

d)18.85 ft/sec
?0perations Forum January 1997

6. The flow velocity in a 6-in. diameter pipe is twice that in a 12-in diameter pipe if both
are carrying 50 gal/min of wastewater.

a) True

b)False
?0perations Forum January 1997
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Boulder Operator School Water Math

Velocity

1. What should the flow meter read in gallons per minute, if a 4 inch diameter main is to be
flushed at 4.6 feet per second?

Answer. gpm

2. The velocity through a channel is 4.18 fps. If the channel is 4 feet wide by 2 feet deep by 10
feet long, what is the flow in cubic feet per second?

Answer: cfs

3. A 6 inch diameter pipe conveys 380 gpm from the clear well into the distribution system. What
is the velocity of water in the pipe?

Answer: fps

4. Distribution main fiushing is done to maintain a minimum velocity in the pipe of 5.68 fps. A
particutar main discharges 4.46 cfs. If the main is 450 feet long, what is the diameter?

Answer: inches

5. A stick dropped into a channel travels 15 feet in 8 seconds. What is the velocity of the water
through the channel?

Answer. fps

6. The velocity through a channel is 3.96 fps. If the channel is 3 feet wide by 1.5 feet deep by 40
feet long, what is the flow in cubic feet per second?

Answer: cfs

7. A stick dropped into a channel travels 32 feet in 6 seconds. What is the velocity of the water
through the channel?

Answer; fps

Sidney Innerebner, Ph.D., P.E.
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Flow Velocities in Pipes and Channels

49. A 42" diameter pipe is flowing at a rate of 6.5 ft/sec. What is the flow rate in cu
ft/sec?

a)17.86
£)35.71
) 62.53
d)521.25

50. Given the following data, calculate the average velocity in the chanmel. 2.5 ft wide
channel, flow depth is 1.4 &, flow rate is 7.2 MGD

a)1.2 ftsec

b)3.2 fi/sec

¢)11.2 fi/sec

d)32.2 fi/sec

51. What is the approximate volume of flow (MGD) treated in a 7 ft wide, 4 ft deep
chamber, if a floating stick moves 24 inches in 30 seconds.

a)1.37 MGD

b)1.21 MGD

¢)5.42 MGD

d)4.52 MGD

52. What is the average flow velocity in ft/sec in a 12-in diameter force main carrying a
daily flow of 2.5 mgd?

a)4.9 fi/sec

b)5.3 ft/s

c) 18.0 ft/sec

d)18.85 fi/sec
Operations Forum January 1997

53. A plastic float is dropped into & water channel and is found to travel 10 feet in 4.2
seconds. The channel is 2.4 feet wide and is flowing 1.8 feet deep. Calculate the flow
rate of this wastewater in cubic feet per second.
a) ft3/sec '

a)2.3 ft3/sec

b)4.2 ft3/sec

c)5.7 it3/sec

d)10.3 ft3/sec
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Weir Loading Rates
and Surface Overflow Rate



Weir Loading Rates

40. Calculate the weir loading for a sedimentation tank that has an outlet weir 480 ft long
and a flow of SMGD.

a) 9,220 gpd/ft

b)%,600 gpd/ft

¢) 9,920 gpd/ft

d)10,420 gpd/ft

" 41, Find the wier loading rate in gpd/ft for a circular tank. The tank 1s 40 feet in diameter
and the influent flow rate is 4 mgd.

a)31847 gpd/t

b)3185 gpd/ft

) 7960 gpd/ft

d) 15794 gpd/ft

Surface Overflow Rates

42. Find the surface overflow rate in gpd/ft2 for a circuldr tank. The tank is 40 feet in
diameter and the influent flow rate is 4 mgd.

a)3185 gpd/ft2

b)796 gpd/ft2

¢) 1325 gpd/ft2

d)1760 gpd/ft2

43. A circular tark receives 12.5 mgd of flow and has a SOR of 100 gpm/ft What is the
diameter of the tank?

a)27.6 ft

b)10.5 ft

c)75.0 &t

dy14.7 &

44. A water plant is equipped with six sédimentation basing that are operated in parallel.
Each basin is 30 ft long by 25 ft wide. If the finished water demand is 30 mgd, how
“many basins need to be on-line to maintain a surface overflow rate of approxzmately 10

gpm/sft’?

S ay2

b}3

c)4

d)5

e)b

72
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Filter Loading and Backwash



Filter Loading and Backwash Rates

45, A sand filter with dimensions of 12 feet by 15 feet receives 0.75 mgd. What 1s the
hydraulic loading rate in gpm/sft?

a)2.9 gpm/stt

b)29.0 gpmy/sft
c}4167 gpm/sft
d4)69.4 gpm/sit

46. At what rate in gpm must wash water be delivered to a mixed media filter to attain a
backwash rate of 15 gpm/sq ft if the filter is 20" wide and 30" long.

a) 600 '

52400

¢)3000

d)9000

- 47. Your filter filters af a rate of 200 GPM. On your last {ilter run you filtered 728,000 -
gallons of water before backwashing. How many hours did this filter run?
4)6.1 hours

1)60.7 hours
¢) 3,640 hours
d)607 hours
e)36.4 hours

48. The optimum hydraulic loading rate for a new type of filter is 30 gpm/sft. If the flow

going to the filter is 1.85 mgd, what should the dimensions of the filter be? Round to the
nearest whole foot.

2)43 sft
b)32 sft
c) 60 sft
d)52 sft
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Fixed Film Processes



FIXED FILM PROCESSES

1. Calculate the Ibs of BOD entering the trickling filter. Raw wastewater flow = 1.5
MGD, Raw wastewater BOD = 150 mg/1, 30% reduction in BOD through primary
treatment.

a)562 Ib/day

b)870 1b/day

c)1314 Ib/day

d) 1880 Ib/day

2. A rotating biological contactor treats a flow of 2.2 MGD with a BOD of 110 mg/L.
The surface area of the media is 550,000 sq ft. What is the organic loading in lb
BOD/day/1000 sq ft

a)2.7

b)3.0

c)3.5

d)3.7

3. At what rate in gpm must wash water be delivered to a mixed media filter to attain a
backwash rate of 15 gpm/sq ft if the filter is 20' wide and 30' long.

a) 600

b)2400

¢) 3000

d)9000

4. The flow to a trickling filter is 2.5 mgd. The filter has a diameter of 100 ft and a
media depth of 4 ft. The recirculation rate is 0.75:1. Calculate the hydraulic loading rate
in gallons per day per square foot.

2)438 gal/d/fi2

b)557 gal/d/fi2

¢) 785 gal/d/ft2

d)995 gal/d/ft2
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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters 1 gallon = 8.34 Tbs when specific gravity is 1.0
1 meter = 3.28 feet [ kg=22Tbs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
I m”=10.76 1 mg/l.= 1 ppm
' 1 ng/l.=1ppb
1 gallon = 3.785 liters
1 £’ = 7.48 gallons 1 day = 1440 minutes
1o’ =3531f 1 hp = 0.746 KW
1 ft water = 0.433 ps1 .1 gram= 1543 grains

1 grain per gallon = [7.1 mg/L.

Water Formulas
pounds per day = (coficentration in mg/L)¥*(flow rate in mgd)*(%.34)

chlorine dose = demand + residual

velocity = flow V=0
' area A
flow rate = volume T Q=¥

tme t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CyV»
(conc. 1)*(volume 1) + (conc. 2)*(volume 2) = (conc. 3)*(volume 3) -
CiV+ G V=G5V,

horsepower = (flow in gpm)*(lift in feet)
3960
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Wells

Drawdown, Specific Yield, and Yield



Numbers in ED can be changed. Numbers in BLUE are calculated by the spreadsheet.

Static Water Level 80 feet
Pumped Water Level 110 feet
Drawdown 30 feet
Pumping Rate or Yield 300 gpm
Specific Yield 10 gpm/tt

Problem 1: |A well is drilled through an unconfined aquifer. The top of the aquifer is 80 feet below
grade. After the well was in service for a year, the water level in the well sfabilized at 110
feet below grade. Calculate the well drawdown..

30 feet

Problem 2: A well produces 300 gpm. I the drawdown is 30 feet, find the specific yield of the well.

10 gpm/it

Problem 3:  The specific yield for a well i is 10 gpmfft lfthe weII produces 300 gpm fnd the drawdown.

¥

30 feet

Problem 4: |[The pumped water level of a well is 110 feet below the surface. The well produces 300

Express your answer as feet below grade.

gpm. If the specific vield of the well is 10 gpm/ft, find the origlnal water level in the aquifer.

80 feet WATER-TABLE DRAWDOWN AND RECOVERY AFTER PUMPING

=5 4mm3mmzm5

N St
J—
& - 7
— T L —— ———
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1. What is the motor horsepower (mhp) for a pump with the following parameters? Motor
efficiency: 87%, Total Head (TH): 107 ft, Pump efficiency: 79%, Flow: 2.544 mgd

() 87 mph
(B) 79 mph
{C) 25 mph
(D) 69 mph

2. W&. This term describes the amount of water that a particular well can produce in a
specified amount of time.
(A) Cone of Depression
(B} Well Yield
(C) Specific Capacity
(D) Pumping Water Level
(E} Zone of Influence
(F) Static Water Level
(@) Drawdown

3. A well produces 365 grm with a drawdown of 22.5 ft. What is the specific yield in

gallons per minute per FOOL? - - . -, i ey g fmiearneae
(a) 32.4 R R :
) 16.2 .
(C) 36.5
(D) 22.5

4, Given the following data, calculate the total kilowatts needed to operate the following
small facility when everything is running: Raw water pump=300 hp, Flocculators=60 hp,
Filter pump for backwashing=1C¢0 hp, Chleorination=25 hp, Clear water pump=100 hp,
Lighting=11 hp, Instrumentation=4 hp : '

(A) 600 kW A TDTL R T

(B) 448 kW R D :L ‘;mﬁg =l bl il K
(C) 1,386 kW SR T !

(D} 260 kW

5. W3. After a well has been operating for some time, the water level in the well will be
lower than the water level in the surrounding aguifer. The new water level 1= the
(&) Specific Capacity .
(B) Drawdown
(C) Static Water Level
(D) Pumping Water Level
(E) Ccne of Depression
{F) Zone of Influence
{(G) Well vield - o - %'

6. A well produces 162 gpm. The drawdown for the well is 16 ft Calculate the specific
vield in gallong per minute per foot.
(A) 2 gpm/ft
(B) 5 gpm/ft
{(C) 10 gpm/ft
(D) 16 gpm/ft

7 W2——The—distancefrom—ground—level-to the-tep—ofan—aquifer—is-called the
(A} Static Water Level
(8) Well Yield _ L
{C) Drawdown ' L
(D) Specific Capacity
{E) Pumping Water Level
(F) Cone cof Depression
(@) Zone of Influence




i0.

i1.

12.

13.

14.

15.

W5. Pumping water out of wells lowers the water level of the aquifer arcund the well.
This term is used to describe the three dimensional-shape that begins at the pumping
water level and extends up and out towards the ground surface.

&) Pumping Water Level

B} Cone of Depression

C} Static Water Level

D} Specific Capacity

E) Zone of Influence

F) Drawdown

G) Well Yield

Wl. This term is used to describe the area at ground level that is affected by a
particular well.

() Well Yield

(B} Pumping Water Level

(C) Static Water Level

(D) Cone of Depression

(E) Drawdown

(F) Specific Capacity

(G) Zone of Influence

W7. The is calculated by dividing the amcunt of water
produced by a specific well by the fcot of drawdown.

{A} Cone of Depression

{B) Drawdown

{C) Zone of Influence

(D) Specific Capacity

(E) Well Yield

(F) Pumping Water Level

(G) Static Water Level

Find the drawdown of a well, if the well yields 265 gpm and the specific yield ig 11.7 gpm/ft
{a) 10.3 £t

(B) 11.7 ft
{C) 22.7 ft
{D) 17.6 ft

W4. The difference between the static water level and the pumping water level in a well
is the

{A) Drawdown B - ERIETE o Lo

(B} Specific Capacity '

{C) 8tatic Water Level

(D) Pumping Water Level

(E} Well vield

(F) Cone of Depression

{@) Zone of Influence

The static level in the well is 79.12 ft and the drawdown is 26.08 ft. Calculate the
pumping water level in the well. : . o

(A) 11.3 ft T Tt b e s

(B) 83.0 ft o .. . ’ o

(C) 34.3 ft

(D} 105.2 ft

Find the total head, in feet, for a pump with a total static head of 19 ft and a head

loss of 3.7 £t.
(A} 15.3 ft

{(8) 3.1 ft
(C) 70.3 ft .
(b) 22.7 ft Lol ;ili Slela, La% ised R L B DO S I

The static water level (non pumplng well) in a well is 84 5 ft The pumplng level is
104.2 ft. What is the drawdown? -

(AR) 36.6 Tt

(B} 188.7 ft

(C) 45.1 ft R ', L
(D) 19.7 ft ’
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13.

14.

15.
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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters I gallon = 8.34 1bs when specific gravity is 1.0
1 meter = 3.28 feet 1kg=221bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m*=10.76 ft* I mg/l.=1 ppm
' I ug/L=1ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons ! day = 1440 minutes
1m®=3531ft° 1 hp =0.746 XW
1 ft water =0.433 psi . | gram = 15.43 grains

1 grain per gallon = 17.1 mg/L

Water Formulas
pounds per day = (coficentration in mg/L)*(flow rate in mgd)*(8.34)

chlorine dose = demand + resid}lal

velocity = flow V=0
‘ area A
flow rate = volume Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir

(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CV,
(conc. 1)*(volume 1) + (¢onc. 2)*(volume 2) = (conc. 3)*(volume 3) -

' CIVL + Vo= C3V3

horsepower = (flow in gpm}*(lift in feet)
3960




Pumps



Numbers in RED can be changed. Numbers in BLUE are calculated by the spreadsheet.

650 gpm
86%  motor efficiency
70%  pump efficiency

Water Horsepower = {{GPM x Pump head)/ 3,956} 49.2 hp Run Time 12 hours per day
5 days per week
Brake Horsepower = Water Horsepower / % Pump Efficiency 704 hp
Efectricty Cost

Electrical or Motor Horsepower = Brake Horsepower / % Motor £ 82.8  hp 0.0  $/kwh
** Sometimes, this is called the wire to water horsepower.
Problem One: Water is being pumped from a reservoir uphill 300 to a siorage tank. Calculate the Brake Horsepower if

the pump rate is 650 gpm.

Answer: 704 hp
Problem Two: A 25 horsepower pump is used to dewatar a lake. If the pump runs for 12 hours a day for 5 days &

week, how much will it cost to run the pump per week? Assume energy costs of 0.09 dollars per kilowatt

hour,

Answer: $100.71

25 hp 0.746 kw 0.09 3 12 hours 5 days $100.71
1 hp 1 kw*h 1 day 1 week week

Problem Three:

** Set it up this way because you need 25 horsepower per hour to run this pump.

25 i’ 0.746 jof 0.09(3 5‘
_ o6 1 ki

12 hotfts § dafs
1 gaf 1 week\/»week

Calculate the water horsepower required for a pump to raise water 300 feet at a rate of 650 gallons per
minute. If the pump runs for 12 hours a day for 5 days a week, how much wilt it cost to run the pump for
one year? Assume energy costs of .05 doliars per kilowatt hour.

$100.71

Answer: 49.3 np
Answer: $10,327.21
482 hp | 0746 kw ] 0.00 § | 12 hours | 5 days | 52 weeks | _ $10,327.21
1hp [ 1 kw*h | 1 day i 1week | 1 year ] year

&7




Boulder Operator School Water Math

Pumps and Pressure

1. A pump station is used to lift water 50 feet above the pump station to a storage tank. i the
pump is 4.2 hp and has a motor efficiency of 0.9 and a pump efficiency of 0.85 , how fast can the
pump station pump water into the tank?

Answer: gpm

2. The pressure gage at the bottom of a tank reads 35 psi. How many feet of water are in the

tank?
Answer: feet

3. Water is being pumped from a reservoir uphill 120 to a storage tank. Calculate the Brake
Horsepower if the pump rate is 1200 gpm.

Answer: hp

4. A 25 horsepower pump is used to dewater a lake. If the pump runs for 8 hours a day for 7
days a week, how much will it cost to run the pump per week? Assume energy costs of 0.07
dollars per kilowatt hour.

Answer:;

5. A water tank contains 80,000 gallons of water and is 80.85 feet deep. What is the water
pressure at the bottom of the tank?

Answer: psi

6. Water is being pumped from a reservoir uphill 120 to a storage tank. Calculate the Brake
Horsepower if the pump rate is 600 gpm.

Answer: hp

7. A 25 horsepower pump is used to dewater a lake. If the pump runs for § hours a day for 5
days a week, how much will it cost to run the pump per week? Assume energy costs of 0.07
dollars per kilowatt hour.

Answer:

8. The pressure gage at the bottom of a tank reads 20 psi. How many feet of water are in the
tank?

Answer: feet

9. Calculate the water horsepower required for a pump to raise water 120 feet at a rate of 800
gallons per minute. If the pump runs for 5 hours a day for 5 days a week, how much will it cost to
run the pump for one year? Assume energy costs of 0.07 dollars per kilowatt hour.

Answer: hp
Answer: §

10. A water tank contains 80,000 gallons of water and is 115.5 fest deep. What is the water
pressure at the bottom of the tank?

Answer. psi

Sidney Innerebner, Ph.D., P.E.
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Boulder Operator School Water Math

11. Calculate the water horsepower required for a pump to raise water 120 feet at a rate of 600
gallons per minute. [f the pump runs for 24 hours a day for 7 days a week, how much will it cost
to run the pump for one year? Assume energy costs of 0.08 dollars per kilowatt hour.

Answer: hp
Answer: 5

12. Water is being pumped from a reservoir uphill 50 to a storage tank. Calculate the Brake
Horsepower if the pump rate is 250 gpm.

Answer: hp

13. A pump station is used fo lift water 500 feet above the pump station to a storage tank. If the
pump is 49.6 hp and has a motor efficiency of 0.9 and a pump efficiency of 0.85 | how fast can
the pump station pump water into the tank?

Answer: gpm

14. Calculate the water horsepower required for a pump to raise water 500 feet at a rate of 300
gallons per minute. If the pump runs for 24 hours a day for 7 days a week, how much will it cost
to run the pump for one year? Assume energy costs of 0.09 doliars per kilowatt hour.

Answer: hp
Answer: §

Sidney Inherebner, Ph.D,, P.E. |



Tom Biesterfeld
Rectangle

Tom Biesterfeld
Rectangle


JCB JOB NO.

SHEET NO. OF
CALCULATED BY DATE
CHECKED BY DATE

SUBJECT

omis ¢ fressuns

/ WP = (opm Y TDH, ++)
(590 Y Ln X En)
A2 HP = (&\meS@#)
3750 0 851)5, 7D
T hp = Lapm X Sodls frrpties ) then,
v Z079.49 - !
(4 9hpX 5091.4) = { 9pm XSO#7)

2723.48 = {jpmfﬁsf’%’r) “ diyide bt svdeo by SO

I5Y .5 = Jpre

g B sl I . BB
m/@rggﬁ};ﬁid

F AP < (aom Y HEAD, ) P Wb@nym Ty

i
W0 A, 00 I oot L G
477 = { S200apm X 10 ) g | 9
5560
#2= 3¢
4 I5H /LG,?%" b [ #0.07 | Ehs [ Tarp [ T30l &
/ HR //E@k[/d”%/m&7 Ltk

5 S0.854 (o3BT | 35 psi
/ #



Tom Biesterfeld
Rectangle


JOB JOB NQO.

SHEET NC. OF
CALCULATED BY DATE
CHECKED BY DATE

SUBJECT

4 HP = 4@377Y72>//‘>

| / ~ 3960 ’ y
#P = oDapm Y (20 1+
S0
AP~ 5L

L4 Ojof"ﬁpfof?*ﬁ#a’ﬁmjf@d? /’5’%/50 /5@@.;,@ /_ ;;?’,Z’Sff

| 7 #e /lkwh//m?7/w&:.£;7 saL
8 Mpsi AL ] Yy et
l2432057 [ -
9. AP~ (@x,pm Y’ZD# &)
Y 390
HE = (60 X /A6
~ 340D
HP= /B /18 mP

5 /8 mP 0TS L | T, 69 fféyg / 5 apr/c?ﬁ“’() &
| 4P //MA_ | by [ 1ot ] ek

n. ISSa |o¥BEel | 50 psi
e

4 From zf“? vt Lo Yhe fgam@ P o 1B H#1P

/3/3/470/076/5’@)/ 90,09 /é?‘*/m@ | Ty 5’&%&

S rren | /d@?//mg / /%ﬂ,ﬁ

AL

7



Tom Biesterfeld
Rectangle


Pump Problems

90. A centrifugal pump is pumping 200 gpm against a 40 f total pumping head. The
oufput power of the pump is approximately hp.

2)0.5 '

Bi2

c)15

d)121

91. A raw water pump with a 6" bore and 2 3" stroke pumps 60 cycles/minute. What is
the purmping rate in gpm?

a) 18 gpm

h)26.75 gpm

¢)22.5 gpm

4)14.3 gpm

2. What is the flow rate (gpm) from 2 pump W1th a d180harge diameter of 6" and a
veloeity of 5 fi/sec?
2} 198 gpm
b)440 gpm -
¢)44 gpm
d)338.5 gpm

93. What is the pumping rate in gpm of the following piston pump? Diameter = 10
inches, Stroke length = 6 inches, Strokes/min = 30

2}293.6 gpm

b)86.9 gpm

c}45.5 gpm

4)62.1 gpm

54. A centrifiigal pump is pumping 200 gal/min against a 40-foof total pumping head.
The approximate output power of is 2 HP. What will the output power be if the pimping
head increased to 60 feet?

2)1 hp

b)2 hp

¢)3 hp

d)8 hp

52.




95. A single-piston reciprocating purnp has a 6" diameter piston with a 6" length of
stroke. It makes 16 discharge strekes/min, the pumping rate is gpm.

a)6 '

b)12

c)25

d)47

08. A pump delivers 240,000 gallons per day at a stafic head of 275 feet. Calculate the
pressure equivalent to this head, expressed in pounds per square inch. :
a)275 psi
b)119psi
¢)550pst -
d)635 psi

97. Determine the flow capacity of a pump in gpm if the pump lowers the water in a six-
foot square elear well by 8 inches in 5 minutes,

a)57.6 gpm

5)92.4 gprh

¢)179.5 gpm

d)35.9 gpm

e)430 gpm

8. What horsepower must a pump déliver to water that must be lifted 90 feet? The flow
is 40 gpm. ' | '

a) ‘1.0 HP

b)*50 HP

c) ‘0.9 HP

d} ‘60 HP

e) ‘76 HP

9. If the required water horsepower of a pump is 50 HP, what must the motor
horsepower be if the efficiency of the pump is 75 percent and the efficiency of the mator
is 90 percent?

a) 74 HP

b}40.5 HP

¢)50 HP

dy89 HP

e)111 HP




100. How many kilowatt-houss per day are required by 2 pump with a motor horsepower
of 30 horsepower when the pump operates 24 hours a day?

2)716 kW-hr/day

b)9e0 kW -hr/day

¢) 894 kW-hr/day

431,075 kW-hr/day

e)1,287 kW-hr/day

J aI Testing

101. Through jar testing, you have determined that your best Afum dose is 5 mg/L.. Your
liquid alum has a specific gravity of 1.31 and its strength is 49.8%. Your plant flow is
700 GPM. How many mL/min will your chemical feed pump need to pump to produce
this residual? '

2)84.1 mL/min

£)200 ml/min

¢)10.1 mL/min

d)20.3 mi/min

¢)42.0 mi/min

Miscellaneous

102. ¥t the water rate is $5.50 for the first 500 cu f} and all water used éver -t'h.e miniminm
is billed at a rate of $0.25 per 100 cu f, how much would a customer using 1200 cu ft be

- billed?

2)$5.25
b)$6.25
¢)$6.75
4)$7.25

103. Calculate the percént reduction in flows achieved by an industrial water
conservation program if water flows are reduced from 350 gpm to 220 gpmi
4)31%
b)37%
c)44%
d)59%
e)63%
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PUMPS

' gpm

motor efficiency
pump efficiency

1. A centrifugal pump is pumping 200 gpm against a 40 ft total pumping head. The
output power of the pump is approximately hp.

a)0.5

b)2

c)15

d)121

2. A sludge pump with a 6" bore and a 3" stroke pumps 60 cycles/minute. What is the
pumping rate in gpm?

a)22 gpm

b)18 gpm

¢)27 gpm

d)35 gpm

3. What is the flow rate (gpm) from a pump with a discharge diameter of 6" and a
velocity of 5 ft/sec?

a)440 gpm

b)198 gpm

c)44 gpm

d)338.5 gpm

4. What is the pumping rate in gpm of the following piston pump? Diameter = 10 inches,
Stroke length = 6 inches, Strokes/min = 30

a)60.6 gpm

b)293.6 gpm

¢)86.9 gpm

d)45.5 gpm



5. A single-piston reciprocating pump has a 6" diameter piston with a 6" length of
stroke. It makes 16 discharge strokes/min, the pumping rate is gpm.

a)6

b)12

¢)25

d)47

6. A centrifugal pump is pumping 650 gal/min against a 32-foot total pumping head.
What is the approximate output power of the pump?

a)1l hp

b)5 hp

c)3 hp

d)8 hp
?0perations Forum May 1997

7. A pump delivers 240,000 gallons per day at a static head of 275 feet. Calculate the
pressure equivalent to this head, expressed in pounds per square inch.

a)119 psi

b)275 psi

¢)550 psi

d)635 psi
9WEF/ABC 2002 Guide

8. Water is being pumped from a reservoir uphill 120 to a storage tank. Calculate the
Brake Horsepower if the pump rate is 1200 gpm.

a. 15

b. 36

c. 120

d 8

9. A 25 horsepower pump is used to dewater a lake. If the pump runs for 8 hours a day
for 7 days a week, how much will it cost to run the pump per week? Assume energy
costs of 0.07 dollars per kilowatt hour.

a. $27.50

b. $92.15

c. §73.11

d, $112.35

10. Calculate the water horsepower required for a pump to raise water 120 feet at a rate
of 1200 gallons per minute. If the pump runs for 8 hours a day for 7 days a week, how
much will it cost to run the pump for one year? Assume energy costs of 0.07 dollars per
kilowatt hour.

a. $15.03

b. $105.27 '

c. $5480.00° . ot

d. $489.12 - A
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Sidney’s Big Book of Water and
Wastewater Math
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Unit Conversions to Know by Heart

1 inch =2.54 centimeters | gallon = 8.34 Ibs when specific gravity is 1.0
1 meter = 3.28 feet [ kg=2.21bs
I mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m”=10.76 ft* 1 mg/L =1 ppm
' I pg/L=1ppb
1 gallon = 3.785 liters
1 ft® = 7.48 gallons 1 day = 1440 minutes
1m’ =3531 ft 1 hp = 0.746 kW
1 ft water = 0.433 psi _ 1 gram = 15.43 grains

1 grain per gallon = 17.1 mg/l,

Water Formulas
pounds per day = (concentration ih mg/L)*(flow rate in mgd)*(8.34)

chlorine dose = demand + residual

velocity = flow V=0
' area A
flow rate = volume Q=Y

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi= GV,
(conc. 1)*(volume 1) - (cone. 2)*(volume 2) = (conc. 3)*(volume 3) -
- CIVi+ G Va=C3V5

horsepower = (flow in gpm)*(lift in feet)
3960




Dilutions
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Boulder Operator School Water Math

Dilutions

1. A wastewater freatment plant operator is preparing to run the Hach Nessler Ammonia test.

For the test, they need a 20 mg/L standard. Looking around the laboratory, they find a 150 mL
volumetric flask and a stock standard solution. The stock concentration is 1000 mg/L. How much
stock standard should be added to the volumetric flask to achieve the desired concentration?
Assume that the remaining volume of the flask will be filled with purified water.

Answer: 2.0 mL

2. An arsenic standard is left sitting out on the counter without a lid for several days. In the
beginning, the bottle had 150 mL of a mg/L solution. After four days, the bottle only contained

125 mL. What was the concentration of arsenic after four days?

Answer. 24 mg/L.

3. Some Polymer is being added to precipitate phosphorus. It is added in the pipeline between
the aeration basins and secondary clarifiers. The target dose is 25 mg/L and the influent flow rate
is 7.74 cfs. [f the raw chemical in the feeder tank is 20000 mg/L, what should the pump rate be,
in gpm, to acheive the desired dose?

Answer; 4.3 gpm

4. For the chemical dosing situation described in Problem 3, how many pounds of DRY chemical
are added to the wastewater per week? Assume the pump runs 24 hours per day, seven days a
week.

Answer: 7297 495 pounds per week
Calculate the millions of gallons of chemical solution added per week. Then, calculats pounds.

5. Chlorine is added to a wastewater plant effluent as a disinfectant. The effluent fiow rate is
3472.22 gpm and the desired residual is 25 mg/L. if the wastewater has a demand of 12 mg/L
and the chlorine is delivered as a hypochorite soluion with 2 percent available chlorine, where
should the pump rate be set to acheive the desired residual?

Answer; 5.42 gpm
Don't forgst to add the demand to your residual before calculating dosel

6. Ferric chloride is being added as a coagulant to the influent to a secondary clarifier. Sampling
shows that the concentration of ferric in the clarifier floc well is 25 ppm. A quick check of the
chemical metering pump shows that it is operating at a flow rate of 4.3 gpm. If the flow through
the WWTP is 7.74 cfs, what is the concentration of raw chemical in the dosing tank?

Answer: 2.00 %
Same problem, just backwards to find the tank concentration.

Sidney Innerebner, Ph.D., P.E.

[ 22
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Dilutions
** most chemical dosing problems can be solved by using the same formulas that we use
to calculate dilutions. There are two formulas.

CIV1 = C2V2 which is used when a small volume of one solution will be added to
another.

CIV1+C2v2=C3V3 which is used when two solutions are mixed together.

54. You are preparing a stock solution using dry sodium bicarbonate. Your desired
strength is 5,000 mg/L so that 1 ml of stock solution per 1,000 ml sample water produces

Smg/L. How many dry grams must you add to your 1 Liter of stock solution dilution
water?

2)0.5

b)5

¢) 500
00.05

55. You have a 1000 mg/L solution of Arsenic. To calibrate the instrument, you need
250 mL of a 10 mg/L solution. How many milliliters of the stock solution should be

- diluted to make 250 m¥s?

a)2.5

1)5.0

¢)15.0

Cy
V; Chemical flow rate

|

AJ

Water Supply | _

e

—_—
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56. A water treatment plant adds ferric chloride as a coagulant. The raw water enters the
plant at 10 mgd. Jar testing shows that the optimum ferric dose is 200 mg/L. If the ferric
chloride is delivered as a 47% solution, what should the chemical delivery pump rate be?
Express your answer m gpm.

a)2.96

b)4255

c)5.31

d)25.8

57. There are two raw water lines enfering 2 freatment plant. One line carries a flow rate
01 500 gal/min with a TDS concentration of 1500 mg/l, and the other has a flow rate of 6
MGD with a 250 mg/l TDS. What is the actual combined TDS concentration entering the
plant? Round off answer to nearest full unit.

a)700 mg/l

b)384 mg/l

c)}420 mg/l

d)1200 mg/L

58. Two wells are used to satisfy demand during the summer months. One well produces
water that contains 22 mg/L of arsenic. The.other well prodices water that contains 3 . ..
mg/L of arsenic. If the total demand for water is 400 gpm and the target arsenic
concentration in the finished water is 8 mg/L, what is the highest pumpiag rate possible
for the first well? '

a)252 gpm

b)105 gpm

¢)295 gpm

d)160 gpm

59. Liguid polymer is delivered as an 8 percent solution. How many gallons of liquid
polymer should be mixed in a tank to prodice 150 gallons of 0.6 percent polymer
solution? - |

a)2.5 gallons

b)7.5 gallons

¢) 17.5 gallons

d)22.5 galions

e)11.3 galions

/2
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DILUTIONS

1. There are two influent lines entering a treatment plant. One line carries a flow rate of
500 gal/min with a BOD concentration of 1500 mg/l, and the other has a flow rate of 6
MGD with a 250 mg/l BOD. What is the actual combined BOD concentration entering
the plant? Round off answer to nearest full unit.

a) 700 mg/l

b)384 mg/l

¢)420 mg/l

d)1200 mg/L

1

Fifl Wolume

—

2. A wastewater treatment plant operator is preparing to run the Hach Nessler Ammonia
test. For the test, they need a 20 mg/L standard. Looking around the laboratory, they
find a 150 mL volumetric flask and a stock standard solution. The stock concentration is
1000 mg/L. How much stock standard should be added to the volumetric flask to achieve
the desired concentration? Assume that the remaining volume of the flask will be filled
with purified water.

3. An arsenic standard is left sitting out on the counter without a lid for several days. In
the beginning, the bottle had 150 mL of a 500 mg/L solution. After four days, the bottle
only contained 125 mL. What was the concentration of arsenic after four days?




73

Raw Chemical

.
e [ —>

4. Some polymer is being added to precipitate phosphorus. It is added in the pipeline
between the aeration basins and secondary clarifiers. The target dose is 25 mg/L and the
influent flow rate is 7.74 cfs. If the raw chemical in the feeder tank is 20000 mg/L, what
should the pump rate be, in gpm, to acheive the desired dose?

5. For the chemical dosing situation described in Problem 4, how many pounds of DRY
chemical are added to the wastewater per week? Assume the pump runs 24 hours per
day, seven days a week.
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Unit Conversions to Know by Heart

1 inch = 2.54 centimeters 1 gallon = 8.34 lbs when specific gravity is 1.0
1 meter = 3.28 feet L kg=221bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
1 m*=10.76 1 mg/L =1 ppm
' 1 pg/L=1ppb
1 gallon = 3.785 liters
1 £’ = 7.48 gallons 1 day = 1440 minutes
1m’=35311H I hp =0.746 kW
1 ft water = 0.433 psi . [ gram = 15.43 grains

{ grain per gallon = 17.1 mg/L.

Water Formulas
pounds per day = (coficentration in mg/L)*(flow rate in mgd)*(8.34)

chiorine dose = demand + residual

velocity = flow V=0
' area A
flow rate = volume Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rafe
feet of weir
(concentration 1)*(volume 1) = (concentration 2}*(volume 2) CiVi= GV,
(conc. 1)*(volume 1) + {¢onc. 2)*(volume 2) = (conc. 3)*(volume 3) -
CiVi+ GV =(GVs3

horsepower = {(flow in gpm)*(lift in feet)
3960




Chemical Dosing and Disinfection



Disinfection

60. The finished water chlorine demand is 12 mg/l, the target chlorine residual is 1.2
mg/l, and the plant flow is 5.6 MGD. How many Ibs/dzy of 65% hypochlorite solution
will be required? :

a)776 1bs/day

b)948 lbs/day

¢)113 Tbs/day

d)514 Ibds/day

61. If chlorine costs $0.21/1b, what is the daﬂy costto cbl@rmate a 5 MGD flow rate ata
chlomnne dosage of 2.6 mg/1?

2)$22.77

b)$18.95

0)$31.22

d)§21.34

62. Ifa 1-mgd plant has an chlorine demand of 4.5 mg/l and maintains a residuel of 1.0
mg/l, what is the estimated required chlorine feed rate in pounds per day?
a)38 -
b)46
c)51
d)68
Operations Forum March 1997

63. Determine the required chlorinator sétting in 1b/day given: Steady flow rate of 5.5
MGD, Target chlorine :reszdual 2.5 mg/l, Average chlorine demand = 2.5 mg/l
a)251 Ibs/day
b) 195 Ibs/day
- ¢)213 Ibs/day
d)228 Ibs/day

64. How many Ibs of chlorine gas are requ]red to treat 4,000,000 gal of water at 2 dosage
of 2mg/?

" a)6l

b)65

c)67

d)69

>




65. How many pounds of calcium hypochlorite are there in 135 Ibs 0f 65% calcium
hypochlorite solution?
2)9.75 pounds
5)24.75 pounds
¢)5.25 pounds
. d)23.07 pounds

66. To accurately obtfain a chlorine residual from your system you are sampling at a
customer tap. You would like fo flush twice the volume of the service line before
sampling. The service line is 3/4" and apprommately 200 feet from the main. How many
gallons must you flush? :

a)610

SEN]

¢)6l

d)46

¢)0.61

67. How many Ibs/day chloririe will be used if the flow is 7,000,000 gpd and a uniform
dose of 1.2 mg/l is applled? .

a)151b

b)22 Ib

¢)70 1b

d)26 1b

68. One galion of sodium hypochlorite laundry bleach (with 5.25% available chlorine)
contains:

a) 0.44 pounds of active chlorine .
'1)0.053 pounds of active chlorine

c)4.38 pounds of active chlorine

d)0.39 pounds of active chlorine

69. How many pounds of sodinm Bypochorite solution will be needed to provide 25
pounds of availeble chlorine if the sodium hypochlonte solution contains § percent
available chlorine by weight? :

2)312.5 pourids

£)27.0 pounds

¢} 16.68 pounds

d)200 pounds

70, How many pounds of 65-percent available chiorine  equal 2 pounds of 100 percént
chlorine. :
- a)1.30 pounds
5)3.08 pounds : S N

¢)5.28 pounds
d)308 pounds

(e




71. How many pounds of 70-percent available chlorine equal 2 pounds of 100 percent
chlorine?

2)1.40 pounds

b)2.80 pounds

¢)1.35 pounds

d)2.86 pounds

72.1f 1,000,000 bacteria are exposed to a disinfectant and 90 percent are destroyed every
hour, then fewer than 5 bacteria will. remain after

a}3 hours

b)6 hours

¢)4 hours

d)5 hours

¢)7 hours

1) 24 hours

73. Determine the chlorinator setting in pounds per 24 hours if a well pump delivars 300
gpm and the desired chlorine dose is 2.0 mg/l..
2)6.5 ppd :
b)12.0 ppd
- ¢)72ppd
d)4.8 ppd

74. How much sodium hypochiorite, in galions, is required to obtain a residual of 100
mg/L in a well? The casing diameter is 18 inches and the length of water filled casing is
80 feet. Sodium hypochlorite contains 5.25% available chlorine. Assuime a derand of
" 15 ing/L. '
a) ‘23.0 gallons

b) 2.0 gallons

c) ‘16.8 gallons
d) 2.3 gallons

02
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CHEMICAL DOSING and DISINFECTION

1. The effluent chlorine demand is 12 mg/l, the target chlorine residual is 1.2 mg/l, and
the plant flow is 5.6 MGD. How many lbs/day of 65% hypochlorite solution will be
required?

a) 776 lbs/day

b)948 Ibs/day

¢) 113 lbs/day

2, If chlorine costs $0.21/1b, what is the daily cost to chlorinate a 5 MGD flow rate at a
chlorine dosage of 2.6 mg/1?

a)$22.77

b)$18.95

c)$31.22

d)$21.34

3. Determine the required chlorinator setting in [b/day given: Steady flow rate of 5.5
MGD, Target chlorine residual = 2.5 mg/]l, Average chlorine demand = 2.5 mg/1
a)251 lbs/day
b) 195 lbs/day
¢)213 lbs/day
d)229 lbs/day

4, How many lbs of chlorine gas are required to treat 4,000,000 gal of wastewater at a
dosage of 2 mg/1

a)61

b)65

c)67

d)69

5. If a 1-mgd plant has an effluent chlorine demand of 4.5 mg/]l and maintains a residual
of 1.0 mg/l, what is the estimated required chlorine feed rate in pounds per day?

a)38

b)46

c)51

d)68
?0perations Forum March 1997

6. How many Ibs/day chlorine will be used if the flow is 7,000,000 gpd and a uniform
dose of 1.2 mg/l is applied?

a)70 1b

b)151b

c)221b

d)26 1b




7. A treatment plant uses sulfur dioxide to dechlorinate effluent. An operator needs to
adjust the sulfonator so that the dosing concentration is 1.5 mg/l more than the chlorine
residual. Based on the following information, what should the sulfonator feed rate be:
design flow =5 mgd; chlorine dosage rate = 4 mg/l; chlorine residual = 0.9 mg/1

a)25 1b/d

b)100 Ib/d

¢) 167 Ib/d

d)267 lb/d

?0perations Forum December 1998
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The calculated pure chemical dose for a chemical solution
is 3.56 pounds. The chemical manufacturer has indicated on
the chemical container label that the chemical purity or percent
active chemical is 91 percent. Calculate the pounds of chemi-
cal from the container that must be added to water to produce
the desired percent solution or concentration.

Known Unknown
Pure Chemical, Ibs = 3.58 lbs Actual Chemical
Active Chemical, % = 91% Required, lbs

Calculate the pounds of chemical from the container that must

be added to the water.
Actual Chemical {Pure Chemical, ibs)(100%)

Required, fbs = Active Chemical, %
_ (3.56 Ibs)(100%)
91%
=3.91 ibs
= 3 Ibs + (0.91 lbs)(16 oz/Ib)
=3 lbs, 15 0Z

An 'Endustrial wastewater with a pH of 10.8 flows from an
equalization tank to a neutralization mixing tank at a rate of 9
GPM. Lab tests indicate that a 100 mL sample of the waste
requires 11.3 mL of 0.5 N sulfuric acid to lower the pH to 7.0

Determine the setting in gallons per day on a chemical feed -

pump which is pumping 2 N sulfuric acid to izati
mixing tank. the neutralization

- Known . - Unknown
Waste Flow, GPM = 9 GPM - Aci .
Waste Sample, mL = 100 m/. Acid Feed, QPO
Acid Vol, mL =11.3 mL
Acid, N =05N
Acid Feed, N =2N .

Determine normality of waste.

Millequivaients = (mL)(N)

Waste Normality = (Acid Vol, mL)(Acid, N}
. Waste Sample, mL

_ (1.3 mL)(0.5 N)
100 mL

= 0.0565 N

Caiculate the flow o be delivered by the chemical feed pump.

Aggtl):eed, - (Waste Flow, GPM)(Waste Normality)(60 min/hry(24 hr/day)

Acid Feed, N

(9 GPM){0.0585 N)(B0 min/hr){24 hriday)
2N

= 366 GPD

7



Cotmplexed copper is being removed in a plating waste-
stream by hydroxide precipitation. Laboratory results indicate
that 10 miliiliters of four percent or one normal sedium hydrox-
ide will increase the pH of one liter of wastewater to 12 and
precipitate the copper. Determine the selting on the sodium
hydroxide feed pump in gallons per day io treat a complexed
copper wastewater flow of 12 GPM.

Known Unknown

Lab Results NaOR Feed, GPD
10 mL NaOH/L wastewater
Copper Flow, GPM = 12 GPM

Calculate the sodium hydroxide feed rate in galions per day.

NaOH Feed, _ (Copper Flow, gal/min)(mL NaQH}(B0 minfhr)(24 hriday)
GPD (1,008 mL/L)(1 L copper)

_ {12 GPM copper){10 mL NaOH)(60 mir/hr){24 hr/day)
(1,000 mL/LY{1 L copper)

= 173 GPD

How much sulfur dioxide is required to treat 1,100 gallons of
chromic acid containing 1,400 mg/L of hexavalent chromium?
Assume that one pound of hexavalent chromium is reduced to
the trivaleni state by the addition of three pounds of sulfur
dioxide.

Known Unknown

Waste, gal = 1,100 gal Dosage, lbs SO,
Cong, mg/L = 1,400 mg Cr8*/L
Treat, tbs/lb = 3 Ibs S0,/Ib Cr*

1. Calculate the pounds of Cré* to be treated.

Cr¥* Treated, Ibs = (Waste, MG)(Cr®, mg/L){8.34 Ibs/gal)
= (0.0011 MG)(1,400 mg/L)(8.34 Ibs/gal)

= 12.8 lbs Crt*
2. Calcuiate the dosage of sulfur dioxide.

Dosage, Ibs 80, = (Cr** Treated, Ibs)(Treatment, Ibs 80,/1b Cré+y

= (12,5 Ibs Cr*(3 Ibs SO,/Ib Crt*)
= 38.4 Ibs SO,



A cyanide-bearing waste is to be ireated by a continuous
flow process using the alkaline chlorination method. The cya-
nide hoiding tank contains 6,000 galions with a cyanide con-
centration of 15 mg/L. Seven pounds of caustic soda and eight
pounds of chlorine are required to oxidize one pound of cya-
nide to nitrogen gas. The cyanide wastes are delivered to a
mixing tank by a 25 GPM pump.

a. What shouid be the setting on the hypochlorinator in gallons
per day if the hypochlorite solution is 2.0 percent chlotine?

b. What should be the sefting on the caustic feed pump in
~ gallons per day if the caustic soda is a 10 percent solution?

Known Unknown

Cyanide Vol, gal = 6,000 gal Hypochlorinator, GPD
Cyanide Conc, mg/L = 15 mg/L Caustic Pump, GPD
Cyanide Flow, GPM = 25 GPM

Chlorine Dose, [b/lb = 8 lbs Cl/lb CN

Caustic Dose, Ib/lb = 7 Ibs NaOH/Ib CN

Hypochlorite, % Cl  =2%

Caustic Soda, % = 10%

1. Calcuiate the cyanide feed rate in pounds per day.

(Flow, GPM}{Cyanide Cone, mg/L)(8.34 ibs/gat)
694 GPM/MGD

(25 GPM)(15 mg/L(8.34 lbs/gal)
694 GPM

= 4.5 Ibs/day

Cyanids, |bs/day =

2. Determine the chiorine feed rate in pounds per day.

Chlorine Feed, : o
Ibs/day = {Cyanide, Ibs/day)(Chlorine Dose, Ib/ib)

= (4.5 Ibs CN/day)(8 Ibs Cl/lb CN)

= 36 |bs Cl/day

Caustic Feed,
Ibs/day = (Cyanide, |bs/day)(Caustic Dose, 1b/1b)

= (4.5 Ibs CN/day)(7 Ibs NaOH/Ib CN)
= 31.5 lbs caustic/day
3. Determine the hypochlorinatbr setting in gallons per day.

{Chlorine Feed, Ibs/day)(100%)
(8.34 Ibs/gal){Hypochlorite, %)

_ (36 Ips/day)(100%)
(8.34 Ibs/gal)(2%)

=218 GPD
4. Determine the caustic pump setting in gallons per day.

(Caustic Feed, bs/day)(100%)
(8.34 Ibs/gal)(Caustic, %)

_ (315 Ibs/day)(100%)
(8.34 Ibs/gal){10%)

= 38 GPD

Hypochiorinator, GPD =

Caustic Pump, GPD =
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Chemical Dosing and Contaminant Removal

75. A chemical feed pump has been rebuilt and must be calibrated for maximum pump
rate. Ifit takes 1 hour and 15 minutes to fill a 10-ft X 5-ft X 10-f rectangular tank, what
is the maximurm pump rate in gal/min?

2)67 gal/min

b)50 gal/min )

¢)45 gal/min

d)38 gal/min
Operations Foram March 1998

76. A test on a water supply showed a hardness of 232 mg/L. A certain dosage of
polyphosphates will theorétically reduce this hardness by 21 percent What should the
water hardness be after treatment?

a)49 mg/L

£)211 mg/L

¢) 183 mg/L

d)174 mg/L

77. A water company uses an average of 600 gpm. The water contains 0.30 mg/L of
manganese &nd 0.06 mg/L of iron. How many pounds of iron and manganese combined
are pumiped into the distribution systemi in a year?

a) 350 pounds -

5)2.52 pounds '

c) 789 pounds

d)400 pounds

78. After calibrating a chemical feed pump in your plant you Kave determined that its
maximum feed rate is 178 mL/min. If this pump ran continuously at this rate how many
gallons would it pump in 1 full day ?
a)10.7 gallons

0)25.6 gallons

c)256 Gal

d)67.7 gallons

e)17.8 gallons

o=




79. Your chemical supplier charges you $1.28 / gallon of canstic soda. You have
determined you will need approximately 60.1 (55 Gal) drums per year, what would be
your annual budget cost for this item 7

a)$14,932.00

b)38,833.29

¢}$3,305.50

d)$4,231.04

e)$6,819.71

80. Your water plant feeds 25% caustic soda (containing 2.67 Ibs.dry/gallon) for final pH
adjustment, Historic records show your average dose is 6.5 mg/L and average flow is 310
(GPM.. At this rate how marny 55 gallon drums will youuse in | year?

a)24.2 drums

b}60.1 drums

¢) 88.3 drums

d) 120 drums

€)33.1 drums

81. An iron removal plant tréats water with an avérage iron concentration of 3 ppm. If
the process removes 90% of the'iron and the daﬂy pumipage is 1.5 million gallons, how
many pounds of iron are removed per week? Assume 7 day operation.
a} 236 pounds per week :
b}3.75 pounds per week
¢)263 pounds per week : .
d)27 pounds per week

82. How many pounds of copper silfaté will be needed to dose a reservoir with 0.6 mg/L
copper? The reservoir volume is 30 million gallons. The copper sulfate 15 25 percent
copper. Select the closest answer.

a)335 pounds

b)400 pounds

c} 500 pounds

d) 600 pounds

¢) 725 pounds

16y



3. Determine the setting on a dry alum feeder in pounds per day when the flow is 1.2
mgd. Jar tests indicate that the best alum dose is & mg/L.

a) 70 Ibs/day

b)75 Jbs/day

¢)90 Ibs/day

d) 100 Ibs/day

¢) 130 Tbs/day

84. The average daily flow for a water treatment plant is 0.95 mgd. Tar tests indicate that
the best polymer dosage is 2.2 mg/I.. How many pounds of pelymer will be used in 30
days?

a)260 Ibs

b)340C Ibs

¢)523 bs

d)412 ITbs

e)437 Ibs

85. A water treatmerit plant used 24 pounds of cationic polymer to treat 1.4 million
gallons of water during a 24-hour period. ‘What was the polymer dosage in mg/L7?
5 mg/l, . _ _ _ _ Lo

a) ‘18 mg/L

b)2.0 mg/L

c) 36 mg/L.

d} ‘48 mg/L

86. Liquid alum delivered to 4 water treatment plant contains 642.3 milligrams of
alwminum per milliliter of liquid solution. Jar tests indicate that the best alum dose 1§ 9
mg/L. Determine the setting on the liquid alum feeder in millilters pér minute when the
plant flow is 3.2 mgd.

2) 118 mL/min

b)72 mL/min
- ¢) 80 mL/min

d)90 mL/min-

e) 105 mL/min

/oS



87. A flow of 1.2 mgd will be treated with an 18-percent solution of hydrofiucsilicic acid.
‘The raw water does not contain any flucride znd the desired fluoride concentrationis 1.4
mg/L. Assume that the hydrofluosilicic weighs 9.5 pounds per gallon and 79.2 percent of
the solution is available fluoride. Calculate the hydroffuosilicic acid feed rate m gallons
per day. -

2)5.8 gnpd

b310.3 gpd

c)11.6 gpd

d)12.9 gpd

e)14.5 gpd

88. A flow of 180 gpm will be treated with a 2.5 percent solution of sodium flucride.
The raw water contains 0.3 mg/L of fluoride ion and the desired flucride ion
concentration is 1.4 mg/L. Calculate the sodium fluoride feed rate in gallons per day.
Assume the sodium floridé contains 43.4 percent fluoride.

a)26.3 gpd

b)2.4 gpd

)33 gpd

d)14 gpd

)23 gpd

89. The raw water alkahmty is 50 mg/L as calcium carbonaté. The water is tredted by
adding 15 mg/L of alum. What is the alkalinity concentration of the finished water?
2)35.0 mg/L
b)57.5 mg/L
¢}65.0 mg/L
d)42.5 mg/L

Note: Alum consumes 0.5 mg/L of alkalinity for every 1.0 mg/L of alum added.

/o6
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Unit Conversions to Know by Heart

1 imch=2.54 centimeters 1 gallon = 8.34 Ibs when specific gravity is 1.0
1 meter = 3.28 feet Lkg=2.21bs
1 mile = 5280 feet
1 acre = 43,560 ft* 1% = 10,000 mg/L
Im®=10.76 & 1 mg/L =1 ppm
' L zg/L=1ppb
1 gallon = 3.785 liters
1 f£* =7.48 gallons 1 day = 1440 minutes
1m’=3531 1 1 hp =0.746 kW
1 ft water = 0.433 ps1 ‘ 1 gram = 15.43 grains

1 grain per gallon = 17.1 mg/L

Water Formulas
pounds per day = (cofic¢entration in mg/L)*(flow rate in mgd)*(8.34)

chiorine dose = demand + resid}lal

velocity = flow V=0
' ared A
flow rate = volume - Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=0CVa
(conc. 1)*(volume 1) + (cone. 2)*(volume 2) = (conc. 3)*(volume 3) -
- CIVi+ GV =G5 V3

horsepower = (flow in gpm)*(lift in feet)
3960




Activated Sludge
F:M, MCRT, SRT, Space Loading, and more!



Activated Sludge Problems

Q= 20 MGD A-basin = 8 MG
BODS = 250 mg/L MLSS = 3000 mglL
NH3-N = 30 mg/L Clarifier = 2 MG
Core 88 = 600  mg/L
Effluent TSS is negligible WAS = 7500 mg/L
WAS = 110  gpm

1. Calculate the hydraulic retention time of the aeration basin. Then, calculate the hydraulic
retention time of the clarifier. Express your answers in hours.

2. Calculate the Space Loading to the Aeration Basins:

3. Calculate the F:M.

4. Calculate the SRT and the MCRT for this system. How much do they differ?

8/



5. Calculate the total oxygen (not air) demand on the system in one day. Use a value of 1.2 ibs
of oxygen per pound of BOD and 4.33 |bs of oxygen per pound of ammonia.

6. If my target MCRT is 10 days, what should my wasting rate be adjusted to? Up or down?

7. Assume that a total of four aeration basins make up the 6 MG of volume. If one basin is taken
off-line and the MLSS concentration does not change in the other three basins, what is the new
food to microorganism ratio?

8. lif each of the aeration basins is 16 feet deep and 33 feet wide, how long is each basin?
Round to the nearest whole foot.

B



9. If there are two clarifiers and they are each 75 feet in diameter, what is the surface overflow rate?
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ACTIVATED SLUDGE - F:M, SRT, and MCRT

1. A plant ran blowers for 24 hrs/day at 5000 cu.ft/min. How many cu.ft/min of air were
required to remove a pound of BOD per day if the activated sludge system removed
6000 1bs/day?

a)595

b)660

¢) 1100

d)1200

2. Calculate the F:M ratio. Influent flow volume is 1 MG, Average BOD to aeration
tank = 140mg/L, Aeration tank capacity = 250,000 gal, MLSS concentration = 2000
mg/L

a)0.25

£)0.28

¢)0.30

d)0.32

3. An activated sludge plant receives a flow rate of 2 MGD with a BOD of 240 mg/l. If
the desired f/m ratio is 0.4 and the primary clarifiers remove about 30% of the influent
BOD, how many pounds of MLVSS should be maintained in the process? Round to
nearest unit.

a) 6000 lbs

b)7005 Ibs

¢)4008 1bs

d)3503 1bs

4, How many 1bs. of solids are in a 400,000 gallon aeration tank if the suspended solids
concentration is 1200 mg/1?

a)3000

b)4000

¢) 4400

d)4800

e) 5200

5. What is the MLSS concentration in an activated sludge plant that has a 1 MG aeration
basin and carries 16000 lbs of solids in the aeration basin?

a) 1800

b)1760

¢) 1860

d)1920




6. Given the following, what is the F/M ratio of this activated sludge process? Tank
dimensions are 80 ft long x 20 ft wide x 12 ft deep. Average flow rate i1s 300 gpm. Plant
influent BOD is 180 mg/l. Primary effluent BOD is 150 mg/l. MLSS is 1350 mg/l.

a)0.15

)0.33

c)0.21

d)0.40

7. If the influent flow to the aeration basin is 5§ MGD with a BOD concentration of 200
mg/L, how much sludge will need to be wasted if the yield is 0.7 Ib/1b?

a) 5840 lbs

b)5480 1bs

€)5237 lbs

d)4088 Ibs

8. Consider a conventional activated sludge treatment process with a desired F:M ratio
of 0.8. If the plant flow is 5§ mgd and BOD of the primary effluent is 150 mg/l, how
many pounds of mixed liquor volatile suspended solids should be maintained in the
aerator?

a)7819 Ib

b)5402 1b

) 10,465 1b

d)89587 Ib
?0perations Forum October 1998

9. In an aeration tank, the MLSS is 2500 mg/l, and the recorded 30-minute settling test
indicates 230 ml. What is the sludge volume index (SVI)?

a)65

b)8&3

c)92

d)101
?0perations Forum October 1998
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Numbers in RED can be changed. Numbers in BLUE are calculated by the spreadsheet.

———.
Influent Conversion Factors
1 cuft = 748¢g
4 mgd 1 gallon = 5340k
2778  gpm
6.19 cfs
RAS l WAS
o ——o—
Aeration Basin Characteristics Secondary Clarifier Characteristics WAS Characteristics Effluent Characteristics
Length 150 ft Diameter 65 ft TSS 6500 mg/L TSS 12 mg/l.
Width 50 ft Depth 12 ft Flow 0.05 mgd
Depth 12 ft # Clarifiers 2 3472 gpm
# Basins 2 sach CCer 1200 mgA.
MLSS 3000 mg/L
MLVSS 2400 mg/L *Clarifier core concentration of 7558 Aeration Basin 33687 Ibs
Clarifier 5962 lbs

Velume 180000 3 Volume 79639 ft3 WAS 271 Ibs

1346400 gallons 595703 gallons Effluent 400 tbs

1358 mg 0.60 mg
HRT 8.1 hours HRT 3.57  hours SRT 10.8 days
MCRT 12.7 days

pounds = (mg /! L)Y(million _ galfons )(&34)'

(Lbs _MLSS _ AerationBasin) +(Lbs _ MLSS _ Clarifier)
(Lhs_WASY+(Lbs _TSS Effluent)

MCRT =

*NOTE: SRT does not take the solids in the clarifier into account.

Problem 3. | » WWTP has 2 aeration basins on-line. The combined volume of alf basins is 180000 cuft, If the MLSS
-#/D concentration is 300C mg/L, hew many pounds of MI_SS are in the aeration basin?
Answer: Ibs Convert cuft to million gaions. Then caiculate pounds.
Problem Bge:

AVVWTP has 33686.928 pounds of ML.SS under aeration. There are 2 clarifiers on-line. Each one is 65 feet
#// In diameter and 12 feet deep. A core sample taken with a sludge judge contains 1200 mg/L of TSS.
Assuming a WAS concentration of 6500 mg/L at a flow rate of 34,7222222222222 gpm, what is the SRT or
solids retention time?

Answer: days Note: even though clarifier data is given, the problem is asking for SRT, not MCRT.

Prablem Tor=e:

For the wastewater treatment plant described in problem two, where should the wasting rate be set if the

#‘/Z target MCRT is 15 days? Express your answer as gpm. /)7L55 - 5‘,::.,@0 ﬂ’?gg‘/é_ ,

AnNsSwer: ibs per day to waste
gpm

MCRT = {Lbs Aeration + Lbs Clarifier)
(Lbs WAS + Lbs Effluent)

Problem £
#6 AVWVTP has 2 aeration basins on-line. Each basin is 150 feet long by 50 feet wide by 12 feet deep. The
MLSS concentration is 3000 mg/l.. The waste pump operates at 34.7222222222222 gpm for 15 minutes cut
of every hour. If the WAS concentration is 6500 mg/L, what is the SRT?
Answer: days Note: The pump runs for 15 minutes or 1/4 of the total time per hour.
Problem Ee: For the VWWTP described in problem #ws, what percentage of the solids inventory is in the secondary
#/7 clarifiers?

Answer:
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Unit Conversions to Know by Heart

1 inch =2.54 centimeters 1 gallon = 8.34 Ibs when specific gravity is 1.0
1 meter = 3.28 feet Lkg=221bs
1 mile = 5280 feet
1 acre = 43,560 f* 1% = 10,000 mg/L
1 m*=10.76 ft* 1 mg/l.=1 ppm
' 1 ug/L=1ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons I day = 1440 minutes
1m’=35311ft [ hp =0.746 kW
1 ft water = 0.433 psi -1 gram=15.43 grains

1 grain per gallon=17.1 mg/L.

Water Formulas
pounds per day = (conéentration ih mg/L)*(flow rate in mgd)*(8.34)

chlorine dose = demand + residual

velocity = flow V=0
' area A
flow rate = volume Q=¥

time t

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=CV,
(conc. 1y*(volume 1) + (cone. 2)*(volume 2) = (conc. 3)*(volume 3} -
CiVit+ CoVa=C5V3

horsepower = (flow in gpm)*(1ift in feet)
3960




Solids Handling and Digestion
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SOLIDS HANDLING

1. Feed solids to an anaerobic digester contain 80% volatile solids (VS) and the digested
solids contain 50% VS. Compute the VS reduction.

a)23.1%

b)37.5%

¢)40.0%

d)75.0%
?0perations Forum September 1997

2. How many lbs/day of suspended solids are removed by a primary clarifier given the
following: Flow rate = 2.7 MGD, Influent TSS = 230 mg/], Primary effluent TSS = 110
mg/l '

a)3204 lbs/day

b)2702 Ibs/day

¢) 2683 lbs/day

3. Determine the organic loading to an anaerobic digester given the following: Digester
volume = 50,000 cubic feet, Feed sludge volume = 8000 Ibs/day, %TS =4.5%, %VS =
74% '

a) 0.05 1bs VS/cubic ft/day

b)0.11 Ibs VS/cubic ft/day

¢)0.08 Ibs VS/cubic fi/day

4. If a sludge draw off of 8000 gallons contains 6% solids, how many Ibs. were pumped?
a)2842 lbs.
b)2916 lbs.
¢)4003 Ibs.
d)16091 Ibs.

5. Given the following, what is the digester detention time? Diameter = 80 ft Depth =25
ft Sludge feed rate = 25000 gpd

a)37.6.days

b)47.8 days

c)25.2 days

6. The volume of a primary anaerobic digester is 40,000 cubic feet. The raw sludge feed
rate is 6000 lbs dry sludge per day and the volatile solids content is 78%. What is the
organic loading rate in lbs VS/cubic foot/day?

2)8.5

1)0.117

c)0.305

d)6.2




7. Given the following information, calculate the %VSS reduction in the digester.
Influent %VSS = 80% Effluent %VSS =67%

a)49%

b)67%

¢)13%

d)81%

8. Primary sludge containing 5% solids is pumped to a digester continuously at a rate of
25 gal/min. How many pounds of volatile solids are added to the digester each day if
total solids are 73% volatile solids?

a)1310 1b/d

b)1800 1b/d

€)9830 1b/d

d)10,960 1b/d

¢) 15,010 1b/d
?0perations Forum February 1999

9. If a gravity sludge thickener receives 20 gpm of primary sludge at a concentration of
3.0% total solids, and the thickener overflow solids concentration is 0.15% total solids,
what is the solids removal efficiency?

a)92 ' '

b)93

c)95

d)97
?0perations Forum February 1997

10. How many pounds of solids are pumped to a digester each day if the digester
receives a 10,000 gal/d load containing 5% total solids?

a) 1,668,000 Ib/d

b)5250 1b/d

c)4170 Ib/d

d)864,000 Ib/d
?0perations Forum November 1998

11. A jar test conducted on 1 liter of secondary sludge with 1.5% total solids requires 50
ml of a 0.10% solution of dry polymer for flocculation. Determine the polymer dosage
in Ib/ton of solids.
a)5.5
b)6.7
c)7.6
70perations Forum May 1998

/L




12. What is the solids recovery rate of a belt filter press with the following operational
data? Hours of operation = 10; solids filtered = 80,000 gal; solids content = 5%; cake
solids = 22%; cake produced = 68 wet tons.

a) 20%

b}63%

¢)82%

d}90%
?0perations Forum May 1998

13. If solids have a cadmium concentration of 20 mg/kg dry weight, and the allowable
biosolids land-spreading limit is 10 Ib/ac of cadmium, what is the maximum application
rate of biosolids in tons per acre?
a) 114 ton/ac
b) 187 ton/ac
c)223 ton/ac
d)250 ton/ac
?Operations Forum April 1997

14. Primary studge is produced at a rate of 40,000 pounds per day. If the sludge
contains 6% solids, how many gallons of sludge will need to be pumped out of the
primary clarifiers?

a) 79936 gallons per day

1)7993605 gallons per day

¢) 89126 gallons per day

d)60012 gallons per day

15. Primary sludge is produced at a rate of 25,000 gallons per day and contains 6%
solids. After dewatering, the primary sludge contains 17% solids. How many gallons of
sludge remain after dewatering?

a) 8823 gallons per day

b)7500 gallons per day

¢) 70833 gallons per day

d)10510 gallons per day

16. Calculate the solids loading rate in ppd/sft for a gravity thickener given the
following information: The thickener is 50 feet in diameter and 15 feet deep. Feed
sludge contains 5% solids and enters at a flow rate of 130 gpm.

a)39.8 ppd/stt

b)35.7 ppd/stt. .

¢)9.94 ppd/sft

d)45.3 ppd/stt
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Unit Conversions to Know by Heart

1 inch =2.54 centimeters I gallon = 8.34 lbs when specific gravity is 1.0
1 meter = 3.28 fect [ kg=2.21Tbs
1 mile = 5280 feet
1 acre = 43,560 #* 1% = 10,000 mg/LL
1 m*=10.76 ft’ 1 mg/L = 1 ppm
' 1 pg/l.=10ppb
1 gallon = 3.785 liters
1 ft’ = 7.48 gallons 1 day = 1440 minutes
1 m’ =35.31 f° L hp =0.746 kW
1 ft water = 0.433 psi ' 1 gram = 15.43 prains

1 grain per gallon = 17.1 mg/1.

Water Formulas
pounds per day = (coficentration in mg/L)*(flow rate in migd)*(8.34)

chiorine dose = demand + resid_uaI

velocity = flow V=0

' area A

flow fate =volume Q=¥
time 1

overflow rate = flow rate
area

weir loading rate = _ flow rate
feet of weir
(concentration 1)*(volume 1) = (concentration 2)*(volume 2) CiVi=GV,
(conc. T)*(volume 1) + (cone. 2)*(volume 2) = (cone. 3)*(volume 3) -
CiV+ G V,= C3V3

horsepower = (flow in gpm)*(lift in feet)
3960
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MISC.

1. How long must a grit chamber be to permit particle settling given the following: Flow
velocity = 0.96 fi/sec, Water depth = 16", Particle settling rate = .075 fi/sec

a)17 ft.

b)22 ft.

c)18 ft.

d)19 ft.

2. Calculate the percent volatile solids. 100mL of sample, crucible weight = 19.985 g,
crucible + dry solids = 20.050 g, crucible plus ash =20.006 g

a)33%

b)50%

c)67%

d)74%

3. If the sewer rate is $5.50 for the first 500 cu ft and all wastewater generated over the
minimum is billed at a rate of $0.25 per 100 cu ft, how much would a customer
generating 1200 cu ft be billed?

a)$5.25

b)$6.25

¢)$6.75

d)$7.25

4. Calculate the percent reduction in flows achieved by an industrial water conservation
program if wastewater flows are reduced from 350 gpm to 220 gpm

a)31%

b)37%

¢)44%

d)59%

€)63%

5. Determine the percent of dissolved oxygen saturation in the receiving waters of an
effluent discharge when the actual dissolved oxygen concentration is 8.2 mg/l and the
saturation concentration of dissolved oxygen is 9.4 mg/1.

a)82%

b)87%

¢)94%

d)100%
?Operations Forum April 2001
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6. A plant runs blowers for 24 hours at 100,000 ft3/min to aerate 100 mgd of flow
containing 250 mg/l of BOD. Ninety percent of BOD was removed. How many cubic
feet of air was required for each pound of BOD removed?

a)770

b)1200

¢) 595

d)1000

7. The secondary influent flow to a freatment plant consists of 100 mgd of primary
effluent with 110 mg/1 total suspended solids. What percentage of the suspended solids
loading does a 1-mgd sidestream containing 1200 mg/l TSS represent?

2)8.5%

b)9.8%

¢)10.5%
?0perations Forum May 1998

8. One hundred mgd of secondary influent to a treatment plant contains 110 mg/1 of
suspended solids. A side-stream from a 1-mgd dewatering plant with 1200 mg/1
suspended solids is returned. What is the total suspended solids load on the secondary
treatment plant, in pounds?

a)91,740 1b

b)101,750 1b

¢) 10,008 1b
?0perations Forum March 1998

9. A wet well level transmitter says 56% on a scale of 0% to 100%. The full depth of the
wet well is 35 ft. How many feet of water are in the wet well?

a)15.2 ft

b)17.8 ft

c)19.6 i

d)20.3 fi
?0perations Forum November 1997

10. Given the following, calculate the BODS of an unseeded sample: Initial DO = 9.0
mg/L, Final DO = 5.0 mg/L, Bottle volume = 300 mL, Sample volume = 6.0 mL

a) 150

b)175

¢)200

d)225
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104. A wet well level transmitter says 56% on a scale of 0% to 100%. The full depth of
the wet well is 35 ft. How many feet of water are in the wet well?

a)l52f

b)I7.8 £

c)196 f

d)20.3 ft _
Operations Forum November 1997

105. Of the $900 allotted for maintenance in the monthly budget, 15 percent was spent on
pump repair, How much money was spent?

a)$135

b)§765

c) 5450

d)$13.5

106. A water treatment plant treats 36,520,000 gallons during the month of July. The
total water measured in various storage tanks is 28,710,000 galions. What percentage of
treated water is unaccounted for?

2)78.6%

b)21.4%

€)27.2%

d)63.0%

107. Scientific notation is a methdd by which any number can be expressed as a terin

multiplied by a power of ten, such as 8.75 x 10"-2. Express this number in decimal form.
) 0.0875

b)0.875
¢)875.00
d)87.5

108. Express 7,960 in scientific notation.
a)7.96 * 1073
b)7.96 * 1073
) 7.96%10"5

None of these is correct.




109, Last month your Water System purnped 7,106,300 gallons of water into the
distribution system. Your system was able to account for 5,264,800 gallons. What was
your unaccounted for % of water for this month?

a)47.1 %

b)88 %

¢)2.95 %

d4)25.9 %

e)74.1 %

110. You have replaced 3/4 of the water meters in your system. You have a total of 540,

How many will you need to complete the task of replacing all the meters?
a)195
b)405
¢)133
4)275
e)54

111, Your plant's maximum capacity is 1.3 MGD. If you produced 67% of this capacity
in one day how many gallons would this be ? ‘

a) 1,100,201 gallons ”

b)19,402 gallons

¢) 194,020 gallons

d} 87,100 gallons

&) 871,000 gallons

131
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