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Exercise 1.- Calculation of Wastewater treatment plant maintenance parameters

1. Purpose of the exercise - Statistics of wastewater management
In this exercises you get competency to explore basic statistics of wastewater management based
on selected examples 1.
1.1. Required knowledge - Working with Worksheet Data
Standard methodology used in making mathematical calculations includes: Making a drawing of
the information in the problem, if appropriate. Placing the given data on the drawing. Asking,
“What is the question?” This is the first thing you should ask along with, “What are they really
looking for?” Writing it down, if the calculation calls for an equation. Filling in the data in the
equation — look to see what is missing. Rearranging or transposing the equation, if necessary.
Using a calculator, if available. Writing down the answer, always.

Checking any solution

obtained. Does the answer make sense?
 If a pump will fill a tank in 20 hours (h) at 4 gallons per minute (gpm), how long will it
take a 10-gpm pump to fill the same tank?
Solution:First, analyze the problem. Here, the unknown is some number of hours, but should the
answer bevlarger or smaller than 20 hours? If a 4-gpm pump can fill the tank in 20 hours, a larger
pumpv(10-gpm) should be able to complete the filling in less than 20 hours. Therefore, the answer
should be less than 20 hours. Now set up the proportion

In SI 1 US Gallon (liquid) 3.7854 l or 1l = Us gal/ 0.26417 You can find mor converter on the web
one of them:
https://www.metric-conversions.org/hu/terfogat/gallon-to-liter.htm
One pound of chlorine is dissolved in 65 gallons of water. To maintain the same concentration,
how many pounds of chlorine would have to be dissolved in 150 gallons of water?
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The flow rate in a water line is 2.3 ft3/s. What is the flow rate expressed as gallons per minute
(gal/min)? Solution: Set up the math problem and then use dimensional analysis to check the math
setup:

Dimensional analysis is used to check the math setup:

The math setup is correct as shown above; therefore, this problem can be multiplied out to get the
answer in correct units:

Most of the calculations made in the water/wastewater industry have units connected or associated
with them. While the number tells us how many, the units tell us what we have. When we measure
something, we always have to specify what units we are measuring in. For instance, if someone
talks about 20 calcium oxide (lime), we have not learned much about what that quantity of 20 is.
On the other hand, if someone refers to 20 ounces, pounds, or bags of lime, we know exactly what
is meant. Many other units of quantity can be used, such as barrels and drums. These examples are
for units of quantity, but we can measure many other things, all of which require units.
Along with using the proper mechanics (and practice and common sense) in making conversions,
probably the easiest and fastest method of converting units is to use a conversion table. The
simplest conversion requires that the measurement be multiplied or divided by a constant value.
For instance, in wastewater treatment, if the depth of biosolids on a drying bed is 0.85 feet, we
would multiply by 12 inches per foot to convert the measured depth to inches (10.2 inches).
Likewise, if the depth of the solids blanket in the secondary clarifier is measured as 16 inches,
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dividing by 12 inches per foot converts the depth measurement to feet (1.33 feet). 7.48 gallons per
ft3 (gal/ft3); 454 grams per pound (g/lb); One milliliter of water weighs 1 gram — density = 1
gram/mL
The lists many of the conversion factors used in water/wastewater treatment.

62.4 pound per ft3 water — density = 8.34 lb/gal
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• 8.34 lb/gal = 8.34 mg/L (converts dosage in mg/L into lb/day/MGD); for example,
1 mg/L x 10 MGD x 8.3 = 83.4 lb/day
• 1 psi = 2.31 feet of water (head)
• 1 foot head = 0.433 psi
• ˚F = 9/5(˚C + 32)
• ˚C = 5/9(˚F – 32)
• Average water usage: 100 gallons/capita/day (gpcd)
• Persons per single family residence: 3.7
 How many gallons of biosolids can be pumped to a digester that has 3600 cubic feet of
volume available?

 How many cubic feet of biosolids are removed when 18,200 gallons are withdrawn?

 If 1650 gallons of solids are removed from the primary settling tank, how many pounds of
solids are removed? Pounds (lb) = 1650 gal x 8.34 lb/gal = 13,761 lb

When a wastewater characterization study is required, pertinent data are often unavailable. When
this is the case, population equivalent or unit per capita loading factors are used to estimate the
total waste loadings to be treated. If we know the biological oxygen demand (BOD) contribution
of a discharger, we can determine the loading placed upon the wastewater treatment system in
terms of equivalent number of people. The BOD contribution of a person is normally assumed to
be 0.17 lb BOD/day. To determine the population equivalent of a wastewater flow, divide the lb
BOD/day content by the lb BOD/day contributed per person (e.g., 0.17 lb BOD/day). In Europe
60g/d BOD equal 1 PE.
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A new industry wishes to connect to a city’s collection system. The industrial discharge will
contain an average BOD concentration of 389 mg/L, and the average daily flow will be 72,000
gallons per day. What is the population equivalent of the industrial discharge?
Solution: First, convert flow rate to million gallons per day:

Next, calculate the population equivalent:

 A 0.5-MGD wastewater flow has a BOD concentration of 1600 mg/L BOD. Using an
average of 0.17 lb BOD/day/person, what is the population equivalent of this wastewater
flow? Do not forget to convert mg/L BOD to lb/d BOD, then divide by 0.17 lb
BOD/day/person

 Find the flow in cubic feet per second (cfs) in an 8-inch line if the velocity is 3 feet per
second.
Solution Step 1: Determine the cross-sectional area of the line in square feet. Start by converting
the diameter of the pipe to inches; Step 2: The diameter is 8 inches; therefore, the radius is 4
inches, and 4 inches is 4/12 of a foot, or 0.33 feet. Step 3: Find the area in square feet Step 4.
Q=VA
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Detention time is the length of time water is retained in a vessel or basin or the period from the
time the water enters a settling basin until it flows out the other end. When calculating unit process
detention times, we are calculating the length of time it takes the water to flow through that unit
process. Detention times are normally calculated for the following basins or tanks: Flash mix
chambers (seconds); Flocculation basins (minutes); Sedimentation tanks or clarifiers (hours);
Wastewater ponds (days); Oxidation ditches (hours) To calculate the detention period of a basin,
the volume of the basin must first be obtained. Using a basin 70 ft long (L), 25 ft wide (W), and 12
ft deep (D), the volume (V ) would be:

If we assume that the plant filters 300 gpm, then we have 157,080 ÷ 300 = 524 minutes, or
roughly 9 hours, of detention time. Stated another way, the detention time is the length of time
theoretically required for the coagulated water to flow through the basin. If detention time is
desired in minutes, then the flow rate used in the calculation should have the same time frame
(cfm or gpm, depending on whether tank volume is expressed as cubic feet or gallons). If
detention time is desired in hours, then the flow rate used in the calculation should be cfh or gph.
If chlorine is added to the water as it enters the basin, the chlorine contact time (CT) would be 9
hours. That is, to determine the CT (concentration of free chlorine residual x disinfectant contact
time [in minutes] used to determine the effectiveness of chlorine), we must calculate detention
time. True detention time is the T portion of the CT value. Detention time, of course, is calculated
in units of time. The most common are seconds, minutes, hours, and days. Examples of detention
time equations where time and volume units match include:
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The simplest way to calculate detention time is to divide the volume of the container by the flow
rate into the container. The theoretical detention time of a container is the same as the amount of
time it would take to fill the container if it were empty. For volume, the most common units used
are gallons; however, on occasion, cubic feet may also be used. Time units will be in whatever
units are used to express the flow. For example, if the flow is in gpm, the detention time will be in
days. If, in the final result, the detention time is in the wrong time unit, simply convert to the
appropriate units.

1.2. Required knowledge - Required Amount of Chemical
One of the most important water/wastewater operator functions is to make various chemical
additions to unit processes. In this section, we demonstrate how to calculate the required amount
of chemical (active ingredient), required amount of chemical, dry chemical feed rate, and
liquidchemical feed rate. Chemical (lb/day) = Required dose (mg/L) x Flow (MGD) x 8.34
lb/mg/L/MG
 The laboratory jar test indicates a required dose of 4.1 mg/L of ferric chloride. The flow
rate is
 Required amount (lb/d) = 4.1 mg/L x 5.15 MGD x 8.34 lb/mg/L/MG = 176.1 lb/day5.15
MGD. How many pounds of ferric chloride will be needed each day?
Because industrial-strength chemicals are normally less than 100% active ingredient, the amount
of chemical must be adjusted to compensate for the inactive components.
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When chemical is to be added in dry (powder, granular, etc.) form, the chemical feed rate can be
expressed in units such as pounds per hour or grams per minute

 The plant must feed 255 pounds per day of high-test hypochlorite (HTH) powder chlorine
to reduce odors. What is the required feed rate in (1) pounds per hour, and (2) grams per
minute?

If chemical is fed in liquid form, the required amount (pounds, grams, etc.) of process chemical
must be converted to an equivalent volume (gallons, milliliters, etc.). This volume is then
converted to the measurement system of the solution feeder (gallons/day, milliliters/minute, etc.).
Key Point: The weight of a gallon of the process chemical is usually printed on the container label
or the material safety data sheet (MSDS), or weight per gallon can be determined if the specific
gravity of the chemical is supplied.

To achieve phosphorus removal, the plant must add 812 lb of ferric chloride feed solution each
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day. The ferric chloride solution weighs 11.1 lb/gallon. What is the required feed rate (a) in
gallons per day; (b) gallons per minute; and (c) milliliters per minute?

1.3. Required knowledge – Horsepower and energy costs
A pumping system typically includes a pump, suction and discharge reservoirs, interconnecting
piping, and various appurtenances (e.g., valves, flow-monitoring devices, and controls). To deliver
a given volume of fluid through the system, a pump must transfer enough energy to the fluid to
overcome all system energy losses. In the following subsections, various energy needs
(headlosses) are identified and defined, and the energy (head) that the pump imparts to the fluid is
described. Head is typically measured as meters of water (m H2O) or feet of water (ft H2O2). In
water/wastewater treatment and ancillaries, horsepower is a common expression for power. One
horsepower is equal to 33,000 foot pounds (ft-lb) of work per minute. This value is determined,
for example, for selecting the pump or combination of pumps to ensure an adequate pumping
capacity (a major use of calculating horsepower in water/wastewater treatment). Pumping capacity
depends upon the flow rate desired and the feet of head against which the pump must pump (also
referred to as effective height). Calculations of horsepower are made in conjunction with many
treatment plant operations. The basic concept from which the horsepower calculation is derived is
the concept of work, which involves the operation of a force (lb) over a specific distance (ft). The
amount of work accomplished is measured in foot-pounds: ft x lb = ft-lb
The rate of doing work (power) involves a time factor. Originally, the rate of doing work or
power compared the power of a horse to that of a steam engine. The rate at which a horse could
work was determined to be about 550 ft-lb/sec (or 33,000 ft-lb/min). This rate has become the
definition of the standard unit called horsepower
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In water/wastewater treatment the major use of horsepower calculation is in pumping stations.
When used for this purpose, the horsepower calculation can be modified as shown below. Water
Horsepower (whp): The amount of power required to move a given volume of water a specified
total head is known as water horsepower.

A pump must deliver 1210 gpm to a total head of 130 feet. What is the required water
horsepower?

Brake horsepower (bhp) refers to the horsepower supplied to the pump from the motor.
As power moves through the pump, additional horsepower is lost from slippage and
friction of the shaft and other factors; thus, pump efficiencies range from about 50% to
85%, and pump efficiency must be taken into account.

Under the specified conditions, the pump efficiency is 73%. If the required water horsepower is
40 hp, what is the required brake horsepowe

Motor horsepower (mhp) is the horsepower the motor must generate to produce the desired brake
and water horsepower.

The motor is 93% efficient. What is the required motor horsepower when the required brake
horsepower is 49.0 bhp?
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The horsepower is converted to electrical energy (kilowatts), then multiplied by the hours of
operation to obtain kilowatt-hours. Kilowatt-hours = hp x 0.746 kW/hp x operating time (hr)
 A 60-horsepower motor operates at full load 12 hours per day, 7 days a week. How many
kilowatts of energy does it consume per day? Solution Kilowatt-hours/day = 60 hp x 0.746
kW/hp x 12 hr/day = 537 kWh/day Given the cost per kilowatt-hour, the operator (or
anyone else) may calculate the cost of power for any given period of operation. Cost =
power required/day x kW-hr/day x days/period x cost/kW-hr
 A 60-horsepower motor requires 458 kW-hr/day. The pump is in operation every day. The
current cost of electricity is $0.0328 per kilowatt-hour. What is the yearly electrical cost
for this pump? Solution Cost ($) = 458 kW-hr/day x 365 days/year x $0.0328/kW-hr =
$5483.18
 The bottom section of a circular settling tank has the shape of a cone. How many cubic feet
of water are contained in this section of the tank if the tank has a diameter of 120 ft and the
cone portion of the unit has a depth of 6 ft?

Solution:
Volume (ft3) = 0.262x 120 ft x 120 ft x 6 ft = 22,637 ft3
Circular process and various water/chemical storage tanks are commonly found in
water/wastewater treatment. A circular tank consists of a circular floor surface with a cylinder
rising above it. The volume of a circular tank is calculated by multiplying the surface area times
the height of the tank walls. Problem: A tank is 20 feet in diameter and 25 feet deep. How many
gallons of water will it hold? In this type of problem, calculate the surface area first, multiply by
the height, and then convert to gallons.
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1.4. Required knowledge - Mass balance for settling tanks
The simplest way to express the fundamental engineering principle of mass balance is to say,
“Everything has to go somewhere.” More precisely, the law of conservation of mass says that
when chemical reactions take place, matter is neither created nor destroyed. This important
concept allows us to track materials (that is, pollutants, microorganisms, chemicals, and other
materials) from one place to another. The concept of mass balance plays an important role in
treatment plant operations (especially wastewater treatment), where we assume a balance exists
between the material entering and leaving the treatment plant or a treatment process: “What comes
in must equal what goes out.” This concept is very helpful in evaluating biological systems,
sampling and testing procedures, and many other unit processes within the treatment system. In
the following sections, we illustrate how the mass balance concept is used to determine the
quantity of solids entering and leaving settling tanks and mass balance using biological oxygen
demand (BOD) removal.
The mass balance for the settling tank calculates the quantity of solids entering and leaving the
unit: The two numbers — in (influent) and out (effluent) — must be within 10 to 15% of each
other to be considered acceptable. Larger discrepancies may indicate sampling errors or increasing
solids levels in the unit or undetected solids discharge in the tank effluent. To get a better feel for
how the mass balance for settling tanks procedure is formatted for actual use, You will use an
example computation to demonstrate how mass balance is actually used in wastewater operations:
Step 1: Solids in = pounds of influent suspended solids; Step 2: Pounds of effluent suspended
solids; Step 3: Biosolids solids out = pounds of biosolids solids pumped per day; Step 4: Solids in
— (solids out + biosolids solids pumped)
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A settling tank receives a daily flow of 4.20 MGD. The influent contains 252 mg/L suspended
solids, and the unit effluent contains 140 mg/L suspended solids. The biosolids pump operates 10
min/h and removes biosolids at the rate of 40 gpm. The biosolids content is 4.2% solids.
Determine if the mass balance for solids removal is within the acceptable 10 to 15% range.
Solution: Step 1: Solids in = 252 mg/L x4.20 MGD x 8.34 = 8827 lb/d ; Step 2: Solids out = 140
mg/L x 4.20 MGD x 8.34 = 4904 lb/d; Step 3: Biosolids solids = 10 min/hr x 24 hr/day x 40 gpm
x 8.34 x 0.042 = 3363 lb/d; Step 4: Balance = 8827 lb/day – (4904 lb/day + 3363 lb/day) = 560 lb,
or 6.3%
The amount of BOD removed by a treatment process is directly related to the quantity of solids
the process will generate. Because the actual amount of solids generated will vary with operational
conditions and design, exact figures must be determined on a case-by-case basis; however,
research has produced general conversion rates for many of the common treatment processes.
These values are given in Table and can be used if plant-specific information is unavailable. Using
these factors, the mass balance procedure determines the amount of solids the process is
anticipated to produce. This quantity is compared with actual biosolids production to determine
the accuracy of the sampling and/or the potential for solids buildup in the system or unrecorded
solids discharges

Step 1: BODin = influent BOD x flow x 8.34; Step 2: BODout = effluent BOD x flow x 8.34; Step
3: BOD pounds removed = BODin – BODout; Step 4: Solids generated (lb) = BOD removed (lb x
factor); Step 5: Solids removed = sludge pumped (gpd) x % solids x 8.34; Step 6: Effluent solids
(mg/L) x flow (MGD) x 8.34
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A conventional activated biosolids system with primary treatment is operating at the levels listed
below. Does the mass balance for the activated biosolids system indicate a problem? Solution:
BODin = 166 mg/L x 11.40 MGD x 8.34 = 15,783 lb/day • BODout = 25 mg/L x 11.40 MGD x
8.34 = 2377 lb/day; BOD removed = 15,783 lb/d – 2377 lb/d = 13,406 lb/day; Solids produced =
13,406 lb/day x 0.7 lb solids/lb BOD = 9384 lb solids/day; Solids removed = 6795 mg/L x 0.15
MGD x 8.34 = 8501 lb/day; Difference = 9384 lb/day – 8501 lb/day = 883 lb/day, or 9.4% These
results are within the acceptable range. You can demonstrate two ways in which mass balance can
be used; however, it is important to note that the mass balance concept can be used for all aspects
of wastewater and solids treatment. In each case, the calculations must take into account all of the
sources of material entering the process and all of the methods available for removal of solids.
Comparison of BOD in and BOD out. Plant influent BOD 250 mg/L Primary effluent BOD 166
mg/L Activated biosolids system effluent BOD 25 mg/L Activated biosolids system effluent total
suspended solids (TSS) 19 mg/L Plant flow 11.40 MGD Waste concentration 6795 mg/L Waste
flow 0.15 MGD
1.5. Required knowledge – Plant performance
To evaluate how well a plant or unit process is performing, performance efficiency or percent (%)
removal is used. The results obtained can be compared with those listed in a plant’s operation and
maintenance (O&M) manual to determine if the facility is performing as expected. This section
presents sample calculations often used to measure plant performance/efficiency. The efficiency
of a unit process is its effectiveness in removing various constituents from the wastewater or
water. Suspended solids and BOD removal are therefore the most common calculations of unit
process efficiency. In wastewater treatment, the efficiency of a sedimentation basin may be
affected by such factors as the types of solids in the wastewater, the temperature of the
wastewater, and the age of the solids. Typical removal efficiencies for a primary sedimentation
basin are as follows: The calculation used for determining the performance (percent removal) for a
digester is different from that used for performance (percent removal) for other processes. Care
must be taken to select the right formula:
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 In one digester is the influent BOD5 is 247 mg/L, and the plant effluent BOD is 17 mg/L.
What is the percent removal?

 The calculation used to determine percent volatile matter (%VM) reduction is more
complicated because of the changes occurring during biosolids digestion.

 Using the digester data provided below, determine the percent volatile matter reduction.
Raw biosolids volatile matter = 74% Digested biosolids volatile matter = 54%

1.6. Required knowledge - Water discharge
The study of water in motion is much more complicated than that of water at rest. It is
importantvto have an understanding of these principles because the water/wastewater in a
treatment plant and/or distribution/collection system is nearly always in motion (much of this
motion is the result of pumping, of course).
Q = V x A ; where Q = Discharge in cubic feet per second (cfs) V = Water velocity in feet per
second (fps or ft/sec) A = Cross-section area of the pipe or channel in square feet (ft2) Discharge
can be converted from cfs to other units such as gallons per minute (gpm) or million gallons per
day (MGD) by using appropriate conversion factors.
A pipe 12 inches in diameter has water flowing through it at 10 feet per second. What is the
discharge in (1) cfs, (2) gpm, and (c) MGD?
Before you can use the basic formula, we must determine the area (A) of the pipe. The formula for
the area is:
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where π = Constant value 3.14159; D = Diameter of the circle in feet r = Radius of the circle in
feet; So the area of the pipe is:

Now we can determine the discharge in cfs:

To determine the discharge in MGD, 1 million gallons per day is equal to 1.55 cfs, so:

The law of continuity states that the discharge at each point in a pipe or channel is the same as the
discharge at any other point (provided water does not leave or enter the pipe or channel). In
equation form, this becomes:A pipe 12 inches in diameter is connected to a 6-inch-diameter pipe.
The velocity of the water in the 12-inch pipe is 3 fps. What is the velocity in the 6-in. pipe?

we need to determine the area of each pipe: a, 12-inch pipe

b, 6-inch pipe

The continuity equation now becomes:
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Solving for V2,

1.7. Required knowledge – Pipe friction
The flow of water in pipes is caused by the pressure applied behind it either by gravity or by
hydraulic machines (pumps). The flow is retarded by the friction of the water against the inside of
the pipe. The resistance of flow offered by this friction depends on the size (diameter) of the pipe,
the roughness of the pipe wall, and the number and type of fittings (bends, valves, etc.) along the
pipe. It also depends on the speed of the water through the pipe — the more water being pumped
through a pipe, the greater the pressure required to overcome the friction. The resistance can be
expressed in terms of the additional pressure required to push the water through the pipe, in either
pounds per square inch or feet of head. Because it is a reduction in pressure, it is often referred to
as friction loss or head loss. Friction loss increases as: Flow rate increases; Pipe diameter
decreases; Pipe interior becomes rougher; Pipe length increases; Pipe is constricted. The actual
calculation of friction loss is beyond the scope of this text. Many published tables give the friction
loss for various types and diameters of pipe and standard fittings. What is more important here is
recognition of the loss of pressure or head due to the friction of water flowing through a pipe. One
of the factors in friction loss is the roughness of the pipe wall. A number called the C factor
indicates pipe wall roughness; the higher the C factor, the smoother the pipe. Note: C factor is
derived from the letter C in the Hazen–Williams equation for calculating water flow through a
pipe. Some of the roughness in the pipe is due to the material; for example, cast iron pipe is
rougher than plastic. Additionally, the roughness will increase with corrosion of the pipe material
and deposits of sediment in the pipe. New water pipes should have a C factor of 100 or more;
older pipes can have C factors very much lower than this. To determining C factor, we usually use
the published tables. When the friction losses for fittings are factored in, other published tables are
also available to make the proper determinations. It is standard practice to calculate the head loss
from fittings by substituting the equivalent length of pipe, which is also available from published
table of pipe industry.
Certain computations used for determining various pumping parameters are important to the
water/wastewater operator. In this section, we use basic-pumping calculations relevant to the
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subject matter. The pumping rate of flow produced by a pump is expressed as the volume of water
pumped during a given period. The mathematical problems most often encountered by
water/wastewater operators when determining pumping rates are often determined by next
equations.

The meter on the discharge side of the pump reads in hundreds of gallons. If the meter shows a
reading of 110 at 2:00 p.m. and 320 at 2:30 p.m., what is the pumping rate expressed in gallons
per minute? Solution: Step 1: To solve this problem, we must first find the total gallons pumped
(determined from the meter readings). 32,000 gal – 11,000 gal = 21,000 gal
Step 2: This quantity was pumped between 2:00 p.m. and 2:30 p.m. for a total of 30 minutes.
From this information, calculate the gpm pumping rate:

A tank 50 feet in diameter is filled with water to a depth of 4 feet. To conduct a pumping test, the
outlet valve to the tank is closed and the pump is allowed to discharge into the tank. After 80
minutes the water level is 5.5 feet. What is the pumping rate in gallons per minute?
Step 1: We must first determine the volume pumped in cubic feet:
Volume pumped = area of circle x depth

Step 2: Convert the cubic-foot volume to gallons:

Step 3: The pumping test was conducted over a period of 80 minutes. You calculate the pumping
rate in gallons per minute:
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One of the principle calculations in pumping problems is used to determine head loss. The
following formula is used to calculate head loss:

where
Hf = friction head
K = friction coefficient
V = velocity in pipe
g = gravity (32.17 ft/sec/sec)
For centrifugal pumps and positive displacement pumps, several other important formulae are
used to determine head. In centrifugal pump calculations, conversion of discharge pressure to
discharge head is the norm. Positive displacement pump calculations often result in pressures
expressed in pounds per square inch. In the following formulae, W expresses the specific weight
of liquid in pounds per cubic foot. For water at 68 օF, W is 62.4 lb/ft3. A water column 2.31 feet
high exerts a pressure of 1 psi on 64 օF water. Use the following formulae to convert discharge
pressure in psig to head in feet:
Centrifugal pumps:

Positive displacement pumps
To convert head into pressure

Positive displacement pumps
When pushing a certain amount of water at a given pressure, a pump performs the work. When
considering the work being done, we measure the rate at which the work is being done. This is
called power and is labeled as foot-pounds/second (ft-lb/sec). At some point in the past, it was
determined that the ideal work animal, the horse, could move 550 pounds 1 foot, in 1 second. This
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unit became known as horsepower. One horsepower equals 33,000 ft-lb/min. The two basic terms
for horsepower are:a, Hydraulic horsepower (whp); b, Brake horsepower (bhp). One hydraulic
horsepower equals the following: 550 ft-lb/sec; 33,000 ft-lb/min; 2545 British thermal units per
hour (Btu/hr); 0.746 kW; 1.014 metric hp
To calculate the hydraulic horsepower (whp) using flow in gpm and head in feet, use the
following formula for centrifugal pumps:

When calculating horsepower for positive displacement pumps, common practice is to use pounds
per square inch for pressure. Then, the hydraulic horsepower becomes:

Depending on size and type, pumps are usually 50 to 85% efficient, and motors are usually 80 to
95% efficient. The efficiency of a particular motor or pump is given in the manufacturer’s
technical manual accompanying the unit. The brake horsepower (bhp) of a pump is equal to
hydraulic horsepower divided by efficiency.Thus, the bhp formula becomes:

Calculate the bhp requirements for a pump handling saltwater and having a flow of 600 gpm with
40-psi differential pressure. The specific gravity of saltwater at 68 F is equal to 1.03. The pump
efficiency is 85%. To use Equation convert the pressure differential to total differential head
(TDH) = 40 x (2.31/1.03) = 90 ft. Horsepower requirements vary with flow. Generally, if the flow
is greater, the horsepower required to move the water is greater. When the motor, brake and motor
horsepower are known and the efficiency is unknown, a calculation to determine motor or pump
efficiency must be done
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What is the efficiency if an electric power equivalent to 25 hp is supplied to the motor and 14 hp
of work is accomplished by the pump? Calculate the percent of overall efficiency:

Specific speed (Ns) refers to the speed of an impeller when pumping 1 gpm of liquid at a
differential head of 1 ft. Use the following equation for specific speed, where H is at the best
efficiency point:

where
rpm = revolutions per minute
Q = flow (in gpm)
H = head (in ft)
Pump specific speeds vary between pumps. No absolute rule sets the specific speed for different
kinds of centrifugal pumps; however, the following Ns ranges are quite common: Volute, diffuser,
and vertical turbine = 500 to 5000; Mixed flow = 5000 to 10,000; Propeller pumps = 9000 to
15,000 Important Note: The higher the specific speed of a pump, the higher its efficiency.
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1.8. Required knowledge – Algal control
Algal control, perhaps the most common in situ treatment of lakes, ponds, and reservoirs, is
achieved by application of copper sulfate; the copper ions in the water kill the algae. Copper
sulfate application methods and dosages will vary depending on the specific surface water body
being treated. The desired copper sulfate dosage may be expressed in mg/L copper, lb copper
sulfate/ac-ft, or lb copper sulfate/ac For a dose expressed as mg/L copper, the following equation
is used to calculate lb copper sulfate required

For algae control in a small pond, a dosage of 0.5 mg/L copper is desired. The pond has a volume
of 15 MG. How many pounds of copper sulfate will be required? (Copper sulfate contains 25%
available copper.)

For calculating pounds copper sulfate/acre-ft, use the following equation (assume the desired
copper sulfate dosage is 0.9 lb/ac-ft):

Then solve for x:

The desired copper sulfate dosage may also be expressed in terms of lb copper sulfate/acre. The
following equation is used to determine lb copper sulfate (assume a desired dose of 5.2 lb copper
sulfate/ac):
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1.9. Required knowledge – Detention time

A 12% liquid polymer is to be used in making up a polymer solution. How many pounds of liquid
polymer should be mixed with water to produce 120 lb of a 0.5% polymer solution?

Sedimentation, the separation of solids and liquids by gravity, is one of the most basic processes
of water and wastewater treatment. In water treatment, plain sedimentation, such as the use of a
presedimentation basin for grit removal and sedimentation basin following coagulation–
flocculation, is the most commonly used. A sedimentation basin is 25 ft wide by 80 ft long and
contains water to a depth of 14 ft. What is the volume of water in the basin (in gallons)?

Detention time for clarifiers varies from 1 to 3 hours. The equations used to calculate detention
time are shown below. • Basic detention time equation:

Rectangular sedimentation basin equation:

Circular basin equation:
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A sedimentation basin is 60 ft long by 22 ft wide and has water to a depth of 10 ft. If the flow to
the basin is 1,500,000 gpd, what is the sedimentation basin detention time? Solution: First, convert
the flow rate from gpd to gph so the time units match: 1,500,000 gpd ÷ 24 hr/day = 62,500 gph
Then calculate detention time :

Surface loading rate — similar to hydraulic loading rate (flow per unit area) — is used to
determine loading on sedimentation basins and circular clarifiers. Hydraulic loading rate,
however, measures the total water entering the process, whereas surface overflow rate measures
only the water overflowing the process (plant flow only). Note: Surface overflow rate calculations
do not include recirculated flows. Other terms used synonymously with surface overflow rate are
surface loading rate and surface settling rate. Surface overflow rate is determined using the
following equation:

A circular clarifier has a diameter of 80 ft. If the flow to the clarifier is 1800 gpm, what is the
surface overflow rate in gpm/sq ft?

A rectangular sedimentation basin that is 50 ft long and 20 ft wide has a water depth of 9 ft. If the
flow to the basin is 1,880,000 gpd, what is the mean flow velocity (in ft/min)?Because velocity is
desired in ft/min, the flow rate in the Q = A x V equation must be expressed in cu ft/min (cfm):

26

Then use the Q = A x V equation to calculate velocity:

Weir loading rate (weir overflow rate) is the amount of water leaving the settling tank per linear
foot of weir. The result of this calculation can be compared with design. Normally, weir overflow
rates of 10,000 to 20,000 gallon/day/foot are used in the design of a settling tank. Typically,
weirloading rate is a measure of the gallon per minute (gpm) flow over each foot (ft) of weir. Weir
loading rate is determined using the following equation:

A rectangular sedimentation basin has a total of 115 ft of weir. What is the weir loading rate in
gpm/ft2 when the flow is 1,110,000 gpd?

1.10. Required knowledge – Percent settled biosolids
The percent settled biosolids test (also referred to as volume over volume test, or V/V test) is
conducted by collecting a 100-mL slurry sample from the solids contact unit and allowing it to
settle for 10 minutes. After 10 minutes, the volume of settled biosolids at the bottom of the 100mL graduated cylinder is measured and recorded. The equation used to calculate percent settled
biosolids is shown below:
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A 100-mL sample of slurry from a solids contact unit is placed in a graduated cylinder. After 10
minutes, a total of 21 mL of biosolids settled to the bottom of the cylinder. What is the percent
settled biosolids of the sample?

It has been calculated that 16 mg/L alkalinity must be added to a raw water. How much mg/L lime
will be required to provide this amount of alkalinity? (One mg/L alum reacts with 0.45 mg/L alk.,
and 1 mg/L alum reacts with 0.35 mg/L lime.)
First, determine the mg/L lime required by using a proportion that relates bicarbonate alkalinity to
lime:

Next, we cross-multiply:

1.11. Required knowledge – Backwash rate
In filter backwashing, one of the most important operational parameters to be determined is the
amount of water (in gallons) required for each backwash. This amount depends on the design of
the filter and the quality of the water being filtered. The actual washing typically lasts 5 to 10
minutes and uses amounts to 1 to 5% of the flow produced. A filter has the following dimensions:
Length = 30 ft Width = 20 ft Depth of filter media = 24 inches Assuming a backwash rate of 15
gallons per square foot per minute is recommended, and a 10- minutes backwash is required,
calculate the amount of water in gallons required for each backwash. Solution Step 1: Area of
filter = 30 ft x 20 ft = 600 ft2 Step 2: Gallons of water used per square foot of filter = 15
gal/ft2/min x 10 min = 150 gal/ft2 Step 3: Gallons required for backwash = 150 gal/ft2 x 600 ft2 =
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90,000 gal Typically, backwash rates will range from 10 to 25 gpm/sq ft. The backwash rate is
determined by:

A filter that is 30 ft by 10 ft has a backwash rate of 3120 gpm. What is the backwash rate (in
gpm/sq ft)?

To determine the volume of water required for backwashing, we must know both the desired
backwash flow rate (gpm) and the duration of backwash (min):
Backwash water volume (gal) = Backwash (gpm) x duration of backwash (min)
For a backwash flow rate of 9000 gpm and a total backwash time of 8 minutes, how many gallons
of water will be required for backwashing?
Backwash water volume (gal) = 9000 gpm ¥ 8 min = 72,000 gal
1.12. Required knowledge - Screening
Screening removes large solids, such as rags, cans, rocks, branches, leaves, and roots, from the
flow before the flow moves on to downstream processes. Wastewater operators responsible for
screenings disposal are typically required to keep a record of the amount of screenings removed
from the flow. To keep and maintain accurate screening records, the volume of screenings
withdrawn must be determined. Two methods are commonly used to calculate the volume of
screenings withdrawn:

A total of 65 gallons of screenings is removed from the wastewater flow during a 24-hour period.
What is the screening removal reported as cubic feet per day (cu/ft/day)
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Next, calculate screenings removed as cu ft/day:

1.13. Required knowledge – Grit removal
The purpose of grit removal is to remove inorganic solids (sand, gravel, clay, egg shells, coffee
grounds, metal filings, seeds, and other similar materials) that could cause excessive mechanical
wear. Several processes or devices are used for grit removal, all based on the fact that grit is
heavier than the organic solids, which should be kept in suspension for treatment in following unit
processes. Grit removal may be accomplished in grit chambers or by the centrifugal separation of
biosolids. Processes use gravity/velocity, aeration, or centrifugal force to separate the solids from
the wastewater. Wastewater systems typically average 1 to 15 cubic feet of grit per million gallons
of flow (sanitary systems, 1 to 4 cu ft/million gal; combined wastewater systems, from 4 to 15 cu
ft/million gals of flow), with higher ranges during storm events. Generally, grit is disposed of in
sanitary landfills, so, for planning purposes, operators must keep accurate records of grit removal.
Most often, the data are reported as cubic feet of grit removed per million gallons for flow:
A treatment plant removes 10 cu ft of grit in 1 day. How many ft 3 of grit are removed per million
gallons if the plant flow is 9 MGD?

Primary treatment (primary sedimentation or clarification) should remove both settleable organic
and floatable solids. Poor solids removal during this step of treatment may cause organic
overloading of the biological treatment processes following primary treatment. Normally, each
primary clarification unit can be expected to remove 90 to 95% of settleable solids, 40 to 60% of
the total suspended solids, and 25 to 35% of biological oxygen demand (BOD). Process control
calculations are used in the sedimentation process to determine: Percent removal; Hydraulic

30

detention time; Surface loading rate (surface settling rate); Weir overflow rate (weir loading rate);
Biosolids pumping; Percent total solids (% TS); BOD and SS removed (lb/day)

(a) Weir overflow for rectangular clarifier, (b) weir overflow for circular clarifier.
A circular settling tank is 80 feet in diameter and has a weir along its circumference. The effluent
flow rate is 2.75 MGD. What is the weir overflow rate in gallons per day per foot?

To calculate the pounds of BOD or suspended solids (SS) removed each day, we need to know the
mg/L BOD or suspended solids removed and the plant flow. Then, we can use the mg/L to lb/d
equation.

Calculating the hydraulic loading rate is important to accounting for both the primary effluent as
well as the recirculated trickling filter effluent. These quantities are combined before being
applied to the filter surface. The hydraulic loading rate is calculated based on filter surface area.
The normal hydraulic loading rate ranges for standard rate and high rate trickling filters are:
Standard rate, 25 to 100 gpd/sq ft or 1 to 40 MGD/acre; High rate, 100 to 1000 gpd/sq ft or 4 to 40
MGD/acre

1.14. Required knowledge – trickling filter process calculations
A trickling filter that is 80 ft in diameter is operated with a primary effluent of 0.588 MGD and a
recirculated effluent flow rate of 0.660 MGD. Calculate the hydraulic loading rate on the filter (in
gpd/ft2). Standard rate, 25 to 100 gpd/sq ft or 1 to 40 MGD/acre High rate, 100 to 1000 gpd/sq ft
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or 4 to 40 MGD/acre. If the hydraulic loading rate for a particular trickling filter is too low, septic
conditions will begin to develop.
A trickling filter that is 80 ft in diameter is operated with a primary effluent of 0.588 MGD and a
recirculated effluent flow rate of 0.660 MGD. Calculate the hydraulic loading rate on the filter (in
gpd/ft2). Solution The primary effluent and recirculated trickling filter effluent are applied
together across the surface of the filter; therefore, 0.588 MGD + 0.660 MGD = 1.248 MGD =
1,248,000 gpd.

A trickling filter that is 60 ft in diameter receives a primary effluent flow rate of 0.440 MGD.
Calculate the organic loading rate in units of pounds of BOD applied per day per 1000 ft3 of
media volume. The primary effluent BOD concentration is 80 mg/L. The media depth is 9 ft.

The trickling filter recirculation ratio is the ratio of the recirculated trickling filter flow to the
primary effluent flow. The trickling filter recirculation ratio may range from 0.5:1 (.5) to 5:1 (5);
however, the ratio is often found to be 1:1 or 2:1.

A treatment plant receives a flow of 3.2 MGD. If the trickling filter effluent is recirculated at the
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rate of 4.5 MGD, what is the recirculation ratio?

The rotating biological contactor (RBC) is although still relying on microorganisms that grow on
the surface of a medium, the RBC is a fixed-film biological treatment device. The basic biological
process, however, is similar to that occurring in trickling filters. An RBC consists of a series of
closely spaced (mounted side by side), circular, plastic, synthetic disks, typically about 11.5 ft in
diameter. Attached to a rotating horizontal shaft, approximately 40% of each disk is submersed in
a tank that contains the wastewater to be treated. As the RBC rotates, the attached biomass film
(zoogleal slime) that grows on the surface of the disks moves into and out of the wastewater.
While they are submerged in the wastewater, the microorganisms absorb organics; while they are
rotated out of the wastewater, they are supplied with needed oxygen for aerobic decomposition.
The manufacturer normally specifies the RBC media surface area, and the hydraulic loading rate
is based on the media surface area, usually in square feet (ft2). Hydraulic loading is expressed in
terms of gallons of flow per day per square foot of media
A rotating biological contactor treats a primary effluent flow of 1,350,000 gpd. The
manufacturer’s data indicate that the media surface area is 600,000 sq ft. What is the hydraulic
loading rate on the filter?

A rotating biological contactor receives a flow of 2.2 MGD with a BOD content of 170 mg/L and
suspended solids (SS) concentration of 140 mg/L. If the K value is 0.7, how many pounds of
soluble BOD enter the RBC daily?
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Now lb/day soluble BOD can be determined:

1.15. Required knowledge – Activated biosolids process control calculations
Wastewater is fed continuously into an aerated tank, where the microorganisms metabolize and
biologically flocculate the organics. Microorganisms (activated biosolids) are settled from the
aerated mixed liquor under quiescent conditions in the final clarifier and are returned to the
aeration tank. Left uncontrolled, the number of organisms would eventually become too great;
therefore, some must be removed periodically (wasted). A portion of the concentrated solids from
the bottom of the settling tank must be removed form the process (waste-activated sludge, or
WAS). Clear supernatant from the final settling tank is the plant effluent. As with other
wastewater treatment unit processes, process control calculations are important tools used by
operators to control and optimize process operations. In this chapter, we review many of the most
frequently used activated biosolids process calculations. The moving average is determined by
adding all of the test results collected during the past 7 day and dividing by the number of tests.

The flow to an aeration tank is 2750 gpm. If the BOD concentration of the wastewater is 140
mg/L, how many pounds of BOD are applied to the aeration tank daily? First convert the gpm
flow in gpm to gpd:
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2750 gpm ¥ 1440 min/day = 3,960,000 gpd
Then calculate lb/day BOD:

In the activated biosolids process, it is important to control the amount of solids under aeration.
The suspended solids in an aeration tank are called mixed liquor suspended solids (MLSS). To
calculate the pounds of solids in the aeration tank, we need to know the MLSS concentration (in
mg/L) and the aeration tank volume. Then pounds MLSS can be calculated as follows: MLSS (lb)
= MLSS (mg/L) ¥ volume (MG) ¥ 8.34 lb/gal
If the MLSS concentration is 1200 mg/L (see Figure 26.4), and the aeration tank has a volume of
550,000 gallons, how many pounds of suspended solids are in the aeration tank?
MLSS (lb) = 1200 mg/L ¥ 0.550 MG ¥ 8.34 lb/gal = 5504 lb
The aeration tank influent BOD is 145 mg/L, and the aeration tank influent flow rate is 1.6 MGD.
What is theFood/Microby (F/M) ratio if the MLVSS is 2300 mg/L and the aeration tank volume is
1.8 MG?

The aeration tank influent flow is 4.0 MGD, and the influent COD is 145 mg/L. The aeration tank
volume is 0.65 MG. The desired F/M ratio is 0.3 COD (lb)/MLVSS (lb). How many pounds of
MLVSS must be maintained in the aeration tank to achieve the desired F/M ratio? What is the
required concentration of MLVSS in the aeration tank?
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Mean cell residence time (MCRT), sometimes called sludge retention time, is another process
control calculation used for activated biosolids systems. MCRT represents the average length of
time an activated biosolids particle remains in the activated biosolids system. It can also be
defined as the length of time required at the current removal rate to remove all the solids in the
system. MCRT can be calculated using only the aeration tank solids inventory. When comparing
plant operational levels to reference materials, you must determine which calculation the reference
manual uses to obtain its example values. Other methods are available to determine the clarifier
solids concentrations; however, the simplest method assumes that the average suspended solids
concentration is equal to the solids concentration of the aeration tank.

Given the following data, what is the MCRT? Aeration volume =1,000,000 gal Clarifier volume =
600,000 gal Flow = 5.0 MGD Waste rate = 0.085 MGD MLSS (mg/L) = 2500 mg/L Waste
(mg/L) = 6400 mg/L Effluent TSS = 14 mg/L

The MCRT for process control requires determination of the optimum range for MCRT values.
This is accomplished by comparison of the effluent quality with MCRT values. When the
optimum MCRT is established, the quantity of solids to be removed (wasted) is determined by:
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The sludge volume index (SVI) is a measure (an indicator) of the settling quality (a quality
indicator) of the activated biosolids. As the SVI increases, the biosolids settle more slowly, do not
compact as well, and are likely to result in an increase in effluent suspended solids. As the SVI
decreases, the biosolids become denser, settling is more rapid, and the biosolids age. SVI is the
volume in milliliters occupied by 1 gram of activated biosolids. For the settled biosolids volume
(mL/L) and the mixed liquor suspended solids (MLSS) calculation, milligrams per liter are
required. The proper SVI range for any plant must be determined by comparing SVI values with
plant effluent quality.

The SSV30 is 365 mL/L, and the MLSS is 2365 mg/L. What is the SVI?

The SVI is 154.3. What does this mean? It means is that the system is operating normally
withgood settling and low effluent turbidity. (SVI between 100-250 is normal operation greter
than 250 –poor settling with high effluend turbidity, less than 100 –old biosolids
Oxidation ditch systems may be used where the treatment of wastewater is amendable to aerobic
biological treatment and the plant design capacities generally do not exceed 1.0 MGD. The
oxidation ditch is a form of aeration basin where the wastewater is mixed with return biosolids.
This type of treatment facility can remove 90% or more of influent BOD. Oxygen requirements
will generally depend on the maximum diurnal organic loading, degree of treatment, and
suspended solids concentration to be maintained in the aerated channel mixed liquor suspended
solids. Detention time is the length of time required for a given flow rate to pass through a tank.
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Detention time is not normally calculated for aeration basins, but it is calculated for oxidation
ditches.

An oxidation ditch has a volume of 160,000 gallons. If the flow to the oxidation ditch is 185,000
gpd, what is the detention time in hours? Because detention time is desired in hours, the flow must
be expressed as gph:

1.16. Required knowledge - Plant Available Nitrogen (PAN) of sewage sludge compost
One factor considered when land applying biosolids is the amount of nitrogen in the biosolids
available to the plants grown on the site. This includes ammonia nitrogen and organic nitrogen.
The organic nitrogen must be mineralized for plant consumption. Only a portion of the organic
nitrogen is mineralized per year. The mineralization factor (f 1) is assumed to be 0.20. The amount
of ammonia nitrogen available is directly related to the time elapsed between applying the
biosolids and incorporating (plowing) the biosolids into the soil. We provide volatilization rates
based upon the example below.

where
f 1 = Mineral rate for organic nitrogen (assume 0.20)
V1 = Volatilization rate ammonia nitrogen
V1 = 1.00 if biosolids are injected
V1 = 0.85 if biosolids are plowed in within 24 hours
V1 = 0.70 if biosolids are plowed in within 7 days
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Biosolids contain 21,000 mg/kg organic nitrogen and 10,500 mg/kg ammonia nitrogen. The
biosolids are incorporated into the soil within 24 hours after application. What is the plant
available nitrogen per dry ton of solids?

In most cases, the application rate of domestic biosolids to crop lands will be controlled by the
amount of nitrogen the crop requires. The biosolids application rate based on the nitrogen
requirement is determined by the following: Using an agriculture handbook to determine the
nitrogen requirement of the crop to be grown; Determining the amount of biosolids in dry tons
required to provide this much nitrogen:

The crop to be planted on the land application site requires 150 lb of nitrogen per acre. What is the
required biosolids application rate if the PAN of the biosolids is 30 lb/dry ton?

The maximum allowable cumulative lead loading is 48.0 lb/acre. Based upon the current loading
of 0.35 lb/acre, how many applications of biosolids can be made to this site

The purpose of composting biosolids is to stabilize the organic matter, reduce volume, eliminate
pathogenic organisms, and produce a product that can be used as a soil amendment or conditioner.
Composting is a biological process. In a composting operation, dewatered solids are usually mixed
with a bulking agent (e.g., straw, hardwood chips) and stored until biological stabilization occurs.
If the moisture level is too low (40% or less), biological activity will be reduced or stopped. At the
same time, if the moisture level exceeds approximately 60%, it will prevent sufficient airflow
through the mixture. Blending composted material with dewatered biosolids is similar to blending
two different percent solids biosolids. The percent solids (or percent moisture) content of the
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mixture will always fall somewhere between the percent solids (or percent moisture)
concentrations of the two materials being mixed.

If 5000 lb/day dewatered biosolids are mixed with 2000 lb/day compost, what is the percent
moisture of the blend? The dewatered biosolids have a solids content of 25% (75% moisture) and
the compost has a 30% moisture content.

An important consideration in compost operation is the solids processing capability (fill time) in
lb/day or lb/week:

A composting facility has an available capacity of 7600 cu yd. If the composting cycle is 21 days,
how many pounds wet compost can be processed per day by this facility? Assume a compost bulk
density of 900 lb/cu yd.
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Conversion Factors To Obtain Metric Unit
acre ac 4.047 _ 103 m2
0.404 7 ha (hectare)
acre-foot ac-ft 1233 m3
atmosphere atm 101.3 kPa (kilopascal)
bar bar 100.0 kPa
British thermal unit Btu 1.055 kJ (kilojoule)
British thermal units per cubic foot Btu/cu ft 37.26 kJ/m3
British thermal units per gallon Btu/gal 278.7 kJ/m3
0.278 7 kJ/L
British thermal units per hour Btu/hr 0.2931 W (watt)
British thermal units per hour per square foot Btu/hr/sq ft 3.155 J/m2_s
British thermal units per pound Btu/lb 2.326 kJ/kg
British thermal units per ton Btu/ton 1.163 J/kg
calorie international cal 4.187 J (joule)
15°C 4.186 J
20°C 4.182 J
calories per second cal/sec 4.187 W
centipoise cP 1.000 _ 10_3 Pa_s
cubic feet per gallon cu ft/gal 7.482 m3/m3
7.482 _ 10_3 m3/L
cubic feet per hour cfh or cu ft/hr 7.867 _ 10_6 m3/s
7.867 _ 10_3 L/s
cubic feet per hour per square foot cfh/sq ft 8.467 _ 10_5 m3/m2_s
304.8 L/m2_h
cubic feet per million gallons cu ft/mil. gal 7.482 mL/m3
cubic feet per minute cfm or cu ft/min 4.719 10_4 m3/s
0.471 9 L/s
cubic feet per minute per foot cfm/ft 1.549 L/m _s
cubic feet per minute per thousand cubic feet cfm/1000 cu ft 1.667 _ 10_2 L/m3_s
cubic feet per minute per thousand gallons cfm/1000 gal 0.124 7 L/m3_s
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cubic feet per pound cu ft/lb 6.243 _ 10_2 m3/kg
cubic feet per second cfs 2.832 _ 10_2 m3/s
28.32 L/s
cubic feet per second per acre cfs/ac 6.997 _ 10_6 m3/m2_s
69.97 L/ha_s
cubic feet per second per square mile cfs/sq mile 1.093 _ 10_8 m3/m2_s
0.109 3 L/ha_s
cubic foot cu ft 2.832 _ 10_2 m3
28.32 L
cubic inch cu in. 16.39 _ 10_6 m3
16.39 mL
cubic yard cu yd 0.764 6 m3
degrees Fahrenheit °F 0.555 6(°F _ 32) °C (degrees Celsius)
Rankine °R 0.555 6 K (Kelvin)
feet of head ft 0.304 8 m
feet per hour ft/hr 8.467 _ 10_5 m/s
feet per minute ft/min or fpm 5.080 mm/s
feet per second ft/sec or fps 0.304 8 m/s
feet per second squared ft/sec2 0.304 8 m/s2
feet per year ft/yr 0.304 8 m/a (meters per annum)
foot ft 0.304 8 m
foot-head ft-head 2989 Pa
foot-pound ft-lb 1.356 N_m
foot-pounds per inch ft-lb/in. 53.38 J/m
foot-pounds per minute ft-lb/min 2.259 _ 10_2 W
foot-pounds per second ft-lb/sec 1.355 W
gallon gal 3.785 _ 10_3 m3
3.785 L
gallons per day gpd 4.381 _ 10_5 L/s
3.785 _ 10_3 m3/d
gallons per day per acre gpd/ac 1.083 _ 10_11 m3/m2_s
1.083 _ 10_8 L/m2_s
9.353 L/ha_d
gallons per day per capita gpd/cap 3.785 L/cap_d
grains per gallon gr/gal 17.12 g/m3
17.12 mg/L
hectare ha 1.000 _ 104 m2
horsepower hp 0.745 7 kW
horsepower-hour hp-hr 2.685 MJ
horsepower-hours per pound hp-hr/lb 5.919 MJ/kg
horsepower-hours per thousand cubic feet hp-hr/1000 cu ft 26.34 W/m3
horsepower-hours per thousand gallons hp-hr/1000 gal 0.710 3 kJ/L
horsepower-hours per thousand pounds hp-hr/1000 lb 5.919 kJ/kg
horsepower per gallon per minute hp/gpm 11.82 MJ/m3
11.82 kJ/L
horsepower per million gallons hp/mil. gal 0.197 W/m3
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1.970 _ 10_4 W/L
horsepower per thousand gallons hp/1000 gal 0.197 kW/m3
inch in. 25.40 mm
inches of water in. H2O 0.248 8 kPa
inches of mercury in. Hg 3.377 kPa
inches per foot in./ft 8.333 %
inches per hour in./hr 25.40 mm/h
inches per year in./yr 25.40 mm/a (millimeters per annum)
kilowatt-hour kWh 3.600 MJ
kilowatt-hours per day kWh/d 41.67 W
kilowatt-hours per gallon kWh/gal 951.1 MJ/m3
0.951 1 MJ/L
kilowatt-hours per million gallons kWh/mil. gal 951.1 J/m3
0.951 1 J/L
kilowatt-hours per pound kWh/lb 7.936 MJ/kg
kilowatt-hours per thousand pounds kWh/1000 lb 7.936 kJ/kg
kilowatt-hours per ton kWh/ton 3.969 kJ/kg
kip kip 4.448 kN (kilonewton)
kip-feet kip-ft 1.356 kN_m
kip-feet per second kip-ft/sec 1.356 kN_m/s
kips per foot kip/ft 14.59 kN/m
kips per square foot kip/sq ft 47.88 kPa
micron _ 1.000 _m
mil mil 25.40 _m
mile mile 1.609 km
miles per hour mph 0.446 9 m/s
1.609 km/h
million gallons mil. gal 3.785 _ 103 m3
3.785 ML
million gallons per day mgd 4.383 _ 10_2 m3/s
43.83 L/s
3.785 _ 103 m3/d
3.785 ML/d
million gallons per day per acre mgd/ac 1.083 _ 10_5 m3/m2_s
9.353 _ 103 m3/ha_d
9.353 ML/ha_d
most probable number per hundred milliliters MPN/100 mL 10.00 MPN/L
parts per billion ppb 1.00 (app.) _g/L
1.000 _g/kg
parts per million ppm 1.00 (app.) mg/L
1.000 mg/kg
pound (force) lbf 4.448 N
pound (mass) lb 0.453 6 kg
pound-foot lb-ft 1.356 N_m
pound-feet per second lb-ft/sec 1.356 N_m/s
pounds per day per capita lb/d/cap 0.453 6 kg/cap_d
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pounds per cubic foot lb/cu ft 16.02 kg/m3
pounds per thousand cubic feet lb/1000 cu ft 16.02 g/m3
pounds per cubic yard lb/cu yd 0.593 3 kg/m3
pounds per day lb/d 5.250 mg/s
0.453 6 kg/d
pounds per day per acre lb/d/ac 0.112 1 g/m2_d
pounds per day per acre-foot lb/d/ac-ft 0.367 7 g/m3_d
pounds per day per cubic foot lb/d/cu ft 16.02 kg/m3_d
pounds per day per pound lb/d/lb 11.57 mg/kg_s
pounds per day per square foot lb/d/sq ft 56.51 mg/m2_s
4.882 kg/m2_d
pounds per day per thousand cubic feet lb/d/1000 cu ft 1.602 _ 10_2 kg/m3_d
pounds per day per thousand square feet lb/d/1000 sq ft 4.882 g/m2_d
pounds per foot lb/ft 1.488 kg/m
pounds per foot per foot of diameter lb/ft/ft dia 47.88 (N/m)/m
pounds per gallon lb/gal 0.119 8 kg/L
pounds per hour lb/hr 1.260 _ 10_4 kg/s
0.453 6 kg/h
pounds per hour per square foot lb/hr/sq ft 4.882 kg/m2_h
1.356 g/m2_s
pounds per hour per cubic foot lb/hr/cu ft 4.450 _ 10_6 kg/L_s
16.02 kg/m3_h
pounds per million gallons lb/mil. gal 0.119 8 g/m3
0.119 8 mg/L
pounds per pound lb/lb 1000 g/kg
pounds per square foot (mass dose) lb/sq ft 4.883 kg/m2
pounds per square foot (force) lb/sq ft 47.88 Pa
pounds per square inch (force) psi 6895 Pa
pounds per thousand cubic feet lb/1000 cu ft 16.02 g/m3
pounds per thousand gallons lb/1000 gal 0.119 8 g/m3
pounds per ton lb/ton 0.500 g/kg
pounds per year per acre lb/yr/ac 1.121 kg/ha_a
pounds per year per cubic foot lb/yr/cu ft 16.02 kg/m3_a
pounds per year per square foot lb/yr/sq ft 4.882 kg/m2_a
pound-seconds per square foot lb-sec/sq ft 47.88 Pa_s
pound-square feet per second lb-sq ft/sec 4.883 kg_m2/s
revolutions per minute rpm 1.000 r/min
revolutions per second rps 1.000 r/s
slug slug 14.59 kg
square foot sq ft 9.290 _ 10_2 m2
square feet per capita sq ft/cap 9.290 _ 10_2 m2/cap
square feet per cubic foot sq ft/cu ft 3.281 m2/m3
square feet per foot sq ft/ft 0.304 8 m2/m
square feet per second sq ft/sec 9.290 _ 10_2 m2/s
square inch sq in. 645.2 mm2
square mile sq mile 2.590 km2
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square yard sq yd 0.836 1 m2
ton (long) ton 1.016 Mg
ton (short) ton 0.907 2 Mg
907.2 kg
tons per acre ton/ac 0.224 2 kg/m2
2.242 Mg/ha
tons per cubic yard ton/cu yd 1.187 Mg/m3
watt-hour W-hr 3.600 J
watts per square foot W/sq ft 10.76 W/m2
yard yd 0.914 4 m
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