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Case Studies: Excerpts from

Environmental Considerations in the Planning

and Evaluation of Development Projectsa

by

Jack B. Carmichael

Case Study: Ecological Survey of the Menta River

in the Country of Farmington

I. Introduction

The major motivation for this survey is that a proposal ispending to locate the first pulp and paper mill in Farmington in
the vicinity of Temer Falls on the Menta River.

Pulp and paper mills produce substantial volumes of chemi-cal-laden effluents which can poison the water for biota or humanusers and degrade its quality for other industrial or agricul-tural users. A French newspaper recently called the paper mills"the veritable cancers of the Swedish environment."

The ecological survey reported here originated from the con-sciousness of the government of Farmington that the overall eco-nomic benefits of such an industrial plant might be reduced ifthere is a negative pollutional impact on the environment in theMenta River Basin. Thus it was deemed desirable to assess thepresent ecological balance of the river environment and the im-
pact which pollutants could exert on it.

The following terms of reference were established for the
survey:

i. A chemical, physical, and biological analysis of MentaRiver water and water life will be carried out from Temer Fallsto the mouth of the Menta 157 kn. away. A similar analysis willbe carried out at Lake Constan in the vicinity of where it re-
ceives the Menta discharge.

a A monograph published by the Orga,-ization of American States,
Washington, DC, 1974.
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ii. There will be a survey of all vegetation on the river
shores.

iii. To the extent possible, a census will be carried out of
those wildlife which are dependent on the river for water.

iv. The present pattern of human consumption of Menta River
water will be determined, along with estimates of present and fu-
ture requirements for such uses.

v. Other projected water needs presently contemplated in
the development of the watershed will be considered.

II. Methodology

A. The Aerial Survey.

A limited aerial survey was carried out over the entire
course of the Menta River from Temer Falls to Lake Constan.

B. Ground Surveys.

Ground surveys were concentrated on selected parts of the
rive.r. Sixteen study areas (stations) were surveyed along the
course of the Menta. Two stations were upstream from the pro-
posed site of the pulp and paper plant (the vicinity of Temer
Falls). Thirteen stations were downstream from the falls, and
one was located in Lake Constan. Since hydrobiological tech-
niques and measurements require several hours work, an average of
two stati.ons were studied per day by a two man scientific team.
Six stations were chosen near major bridges or ferries. The rest
were in the rural hinterlands with difficult access by land
rover.

Vegetation profiles were taken at Lach station in both par-
allel and perpendicular directions to the bank. Plant species
were identified. Land use practices were noted and the density
of livestock and humans was estimated. Birds and other animals
were observed but there was no trapping of small riverbank mam-
mals.

The following water quality measurements were carried out at
the field stations:

1. Temperature (measured by a bulb type thermometer or
thermister probe).

2. Dissolved oxygen content (measured by probe as percent
saturation).

3. Specific conductivity (measured with a portable conduc-
tivity bridge). For practical purposes, this is equivalent to
total dissolved solids. See Appendix B, p. A-8.

V-2



4. pH, or hydrogen ion concentration (measured by a
colorimeter).

5. Total alkalinity was measured by titration. For back-
ground, see Appendix B, Explanations of Common Water Quality
Parameters.

The following biological samplings were carried out:

1. Invertebrate bottom fauna, usually collected from
stones situated in rapids.

2. Fish were caught using a 20 mm mesh gill net and were
preserved in 4% formalin.

Hydrological analyses included streamflow and velocity data.
Existing data records were utilized.

III. The Menta River Environment

A. The Basin.

The Menta River drains an area of 13,000 km2 which includes
plateau areas and rolling hills. The river flows through the
northern part of Constan Swamp to enter Lake Constan about three
miles south of Constan City.

The Menta has a drainage area of 9000 km2 below the proposed
pulp and paper mill site in the vicinity of Temer Falls. Threeimportant tributaries enter the Menta between the alls and the
mouth. The average flow of the Menta is 3 billion m /year.

B. Nature of the River Channel.

Where the river leaves the foothills of its source the chan-
nel has a gradient of approximately 1% (10 m per km.) This de-creases to about 0.6% in the vicinity of Temer Falls. Below the
falls, the gradient decreases to about 0.3% 70 km. from the
mouth. By the time the river has reached the swamp prior toentering the lake the gradient has decreased to 0.06%. The flow
gradient of the channel changes frequently in short reaches
throughout the course of the river.

Generally the flow is fast and highly turbulent with a high
capacity for reaerating organic wastes. Even between major
rapids the river has a high velocity. Standing waves are common
and the aeration is great. The river becomes sluggish only in
the lower alluvial section near the mouth.

At Temer Falls, when the river is at mean annual flow of 1500
cfs, the average velocity is 3 feet/sec. When the discharge ofthe river declines to 200 cfs, the average velocity la only 1
foot/sec. Flows of 200 cfs or less occur on 12 days in an aver-
age year.
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C. Geology.

At Temer Falls the river begins a southwesterly course for

many miles over granite outcroppings. Below the first major

tributary, the Menta flows through banks of siltstone, pebbles,

and sand.

The Menta flows in a mature valley with many rapids. There

are unmistakable signs of rejuvenation due to earth movements in

the escarpment which runs along the valley. In most parts of the

surveyed areas the river flows swiftly over rocky beds which are

being cut deeper.

D. Soils.

Just below Temer Falls the Menta flows through an area of

well drained red loamy soil. Further downstream there is a sec-

tion of black to grey clays which is gradually replaced by brown

clay loams. Both show signs of impeded drainage. Near the mouth

of the river there are sandy soils.

E. Rainfall.

The average annual rainfall amounts to about 1000 mm at the

river mouth and 1500 mm at Temer Falls. The rainfall is sea-

sonal. Roads and lands are dried out and dusty during the four

months of the dry weather.

F. Population.

The Menta River below Temer Fals flows through a country-

side inhabited by 100-200 persons/km on both sides of the river.

Thus 32,000-64,000 people populate the lands within 1000 m from

the river.

G. Most of the course of the river is flanked with tradi-

tional subsistence agriculture, mostly maize. There is a 20 km

stretch of mostly rangeland. The tributaries in the mountains

flow through forests.

IV. Results of the Field Studies

A. The Aerial Survey.

The Menta River has a very low flow at the end of the dry

season. The Temer Falls appeared like small trickles in an empty

stream bed. The river was observed to be between 30-40 m wide

during most of its 160 km to the lake. There are 75 major curves

as the river winds its course. Ten rapids were evident and many

islands.

More than a dozen large fish weirs were built across the

river, some 100 km. above the mouth. This is evidence for large

scale fishing and fish migration up the river.

V-4



The Menta flows through a man-altered environment. No
riverine forest exists at all. Human settlements, fields, and
pasture lands often extend right to the river bank itself.

Most of the population in the river area is located on
higher elevated areas severdl hundred meters away from the river.
This pattern is presumable due to floods and mosquitos.

At the mouth of the river many fishing nets, boats, and
traps were observed. The yellowish color of the Menta is recog-
nizable and distinct for at least 500 meters into the lake.

B. The Ground Survey at the Stations.

To illustrate the kinds of data gathered, results from se-
lected stations are reported.

Station 3

The location is 500 m below the Temer Falls bridge, 157 km
above the river 'outh. Altitude at this point is 1,450 m.

The area around Temer Falls is densely populated. Building
and road construction is going on and there is a mining of sand
from the river bank near the bridge. There is very little under-
growth and generally thinned out vegetation. This is due to
heavy grazing pressure and the daily movements of cattle.

Cultivation is frequently carried out up to the edge of theriver bank. In most cases a strip no wider than 10-50 meters is
left uncultivated. Some natural vegetation is found along these
strips, but is heavily grazed by livestock. Soil along the river
at this point is silt and sand with few alluvial deposits. There
is a rather high rate of soil erosion.

Eighteen different species of bottom fauna were identified.
Micronecta (21 samples), chironomidial (18 samples), and ecdyo-
nuridae (10 samples) were the most abundent. The wide variety of
species indicates an undisturbed natural environment and an ab-
sence of pollutants.

Water analyses were carried out from the bank. Data are
shown in Table 1 following the discussions of the stations. The
waters were completely oxygenated, had a nearly neutral pH of
7.3, and showed a very low concentration of dissolved salts. No
evidence of pollutants was observed.

One hour of fishing with a 20 mm mesh net of 33 m length and
1.5 m depth yielded a total of 5 fish of 3 different species
ranging in size from 7.9 to 12.9 cm.

On the left bank of the river there were many large boulders
and pools of water which were separated from the river. Persons
from the nearby village were draining water from the pools in
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order to catch fish. Another group of women worked to separate a
side bay from the main river by constructing a mud dam. Other
women used pots and bowls to drain the water from this arti-
ficially created pool. At the end, two dozen people jumped into
the empty pool to hunt for fish. What a joy when five 20 cm.
catfish and 4 10 cm. tilapias were caught!

Section 8

The location of the station is at Kaplan Bridge, 60 km.
downstream from the proposed pulp and paper mill. The neighbor-
hood of the bridge is overgrazed, burnt, and poor in tree cover.
Just below the bridge there is a succession of sugar cane fields
which border the bank.

Three years from now a large sugar factory will be com-
pleted. This factory will require large amounts of river water
for its operation.

The fishing net was set for one hour. Four catfish ranging
from 10.2 to 16.1 cm. and 4 tilapias ranging from 8.3 to 12.9 cm.
were caught.

To the human eye the Menta is unchanged from its appearance
at Station 3 - no larger, no dirtier, no cleaner. Water analyses
(see Table 1) showed the waters were 95% saturated in oxygen,
contained few dissolved salts, and had a nearly neutral pH of
7.4. The yellowish color of the Menta is apparently due strictly
to the sediment loading.

Twelve species of bottom fauna were observed from the samp-
lings. Ecdyonuridae (12 samples) and macronema sp. B. (10 sam-
ples) were the most abundent. This diversity of species again
confirms the lack of pollutants in the river.

Station 9

This station is located at the juncture of the Elio River
with the Mensa, 70 km. downstream from the paper mill site and 10
km. downstream from the proposed future site of the sugar fac-
tory.

Here the most natual and scenic area of the surveyed area of
the Mensa was found. The river flows through a narrow valley
with steep hills rising on the left bank. The stream flow is
swift through rapids of granite boulders.

Few people were observed. A family was seen washing them-
selves in the river. The man explained that they lived some two
km away but came often to bathe. He said that they liked the
good water of the Menta very much.

Two large wooden fish weirs were the only permanent signs of
human activity. A zone of 150 meters width is untouched along
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both banks. Obviously there is no high grazing pressure. Moreindigenous vegetation is found here than at any other study areaalong the Menta, including some beautiful orchids. Furthermore,the only colony of the white-necked pratincole known to exist inFarmington is found here on the rocks in the river.

A dozen common plant species identified included wild appletrees, wild date palm, and a wild reed widely utilized for handi-
craft work.

Because of the well preserved natural envirionment, thisarea is important from a scientific and an educational point of
view.

Water analyses again revealed a supersaturation of oxygen.The pH of 7.6 is very slightly more alkaline than upstream. Theincrease is probably due to natural causes-changes in soilcharacteristics, for example. Data are shown in Table 1.
Eleven species of bottom fauna were collected. Most abun-

dent were Ecdyonuridae (12) and Macronema sp. B. (10).

Station 15

This station was located in the mouth of the Menta River,157 km. from Temer Falls and the proposed paper mill and 97 km.downstream from the future sugar factory. The elevation at this
point is 1,130 m.

The Menta here is a 40 meter wide stream with a maximumdepth of 4 meters. It is yellowish in color, similar to thecolor of the upper reaches of the river. The mouth of the riveris almost devoid of any kind of water plants. For that reason,it flows with quite a strong current into Lake Constan.

Some two km. from the mouth of the river the lake abounds inaquatic vegetation, especially papyrus. Wild reed, antelopegrass, water lettuce and nettles are other common plant species
found here.

The mouth of the Mena is full of fish. Many fish werecaught within 5 minutes after placement of the net. Mullet, cat-
fish, and tilapias abound. Several kingfishers were observed
fishing at the mouth of the Menta.

Water quality data were obtained from midstream. The riverwas found to be 90% saturated with oxygen and a pH of 7.7. Theseand the other water quality data indicated a very slight lessen-ing of water quality in the mouth of the Menta compared to theupstream reaches. Water quality here would be classified as very
good based on these limited analyses.
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Table 1 - Water Quality Analyses at the Stations

Station 3 Station 8 Station 9 Station 15

Day 3/25 3/27 3/30 4/2

Time 13:00 17:30 11:45 14:30

Temp., 0C 22.8 24.2 25.2 27.2

% Oxygen 106 95 103 90
Saturation

pH 7.3 7.4 7.6 7.7

Specific con- 135 137 140 150
ductance,
micro-mhos/cm.

Alkalinity 1.5 1.5 1.55 1.6
meq/l.

These data reveal an unpolluted stream which is easily able
to assimilate the present small waste loading that is received
from the human population and animal population. The slight in-
crease in specific conductance probably indicates an increase in
ions due to materials in the increased sediment loading as one
moves downstream.

IV. Water Pollutional Aspects of the Mill

According to the information received by World Wide Paper
Mills Ltd., the output of their proposed sulfate pulp mill will
be 125 tons of Kraft pulp per day. At full capacity the factory
will have a water demand of 20 cfs. This is 10% of the low flow
which occurs on 12 days of an average year. Much of the indus-
trial water will be recycled for use within the plant.

The major portion of the pollution from paper making origi-
nates in the pulping process. When the wood is received, the
bark is removed and the wood is reduced to chips by grinding.
Chips are then converted to pulp after a chemical preparation,
called cooking. In the kraft process, the wood chips are cooked
in either batch or continuous digesters with a mixture of caustic
soda and sodium sulfide.

The wastewater produced from this process contains suspended
solids, dissolved solids, color, odor, specific chemical resi-
dues, and, in general, a high loading of wastes which will con-
sume the oxygen of the waterway. (See Appendix A-2, An Explana-
tion of Common Water Quality Parameters).
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The requirement of oxygen for degradation of the wastes is
called the biochemical oxygen demand. It is a good single mea-
sure of the pollutional loading of these wastes. An organic
waste loading to a stream is gradually assimilated through oxida-
tion by the bacteria present. Oxygen must be provided so that
the bacteria can grow and oxidize the waste materials. A waste
loading on the stream thus depletes the oxygen present in thestream. High concentrations of dissolved oxygen are therefore a
good indication of a healthy river, whereas low concentrations
are an indication of a polluted river. Dissolved oxygen is
essential to stream life. Total consumption of the dissolved
oxygen by wastes results in a dead river.

On the average, the kraft pulping operation is known to pro-
duce about 40 lbs. of BOD in the effluent per ton of pulp pro-
duced. Thus the total BOD generated by the World Wide Paper
Mills plant will be about 5000 lbs. of BOD/day.

A water pollution expert has recently completed estimates of
effects of given BOD loadings at Temer Falls on the levels of
dissolved oxygen at Station 8, Kaplan Bridge. This is the site
of the proposed future sugar plant. Results of the calculations
appear in Table 2.

Table 2. Effects of Pollutional Loadings at Temer
Falls on Dissolved Oxygen Levels at Kaplan Bridge (calculated

through measurements of the reaeration capacity of the river).

Calculated Dissolved Oxygen, % saturation

low flow for 12 days# of lbs. mean annual flow of ave. year
of B.O.D./day 1500 cfs. 200 cfs.

500 96% 90%

1000 90% 80%

5000 70% 50%

10,000 40% 10%

A pollutional loading of 500 lbs/day can be assimilated by
the stream with no effects upon the present uses.

A pollutional loading of 1000 lbs/day would render the river
unfit for drinking at least as far as Kaplan Bridge. The river
would be unsuitable for use by the sugar plant during the 12 or
so days of low flow in a given year.

A pollutional loading of 5000 lbs/day would render the river
unfit for drinking and unsuitable for use by the sugar plant
without pretreatment. Some damate to the biota of the stream
would occur during the periods of low flow.
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A pollutional loading of 10,000 lbs/day would cause the
effects listed above but would still permit the survival of many
species of fish except during periods of low flow. Severe damage
to the biota would occur and few if any fish would survive. Fish
populations could be expected to remain depressed for substantial
periods of time following periods of low flow in the river.
Effects of this level of pollutional loading would remain sub-
stantial all the way to the mouth of the river. Some effects on
the ecology of Lake Constan would be expected.

As mentioned, the pollutional loading of the untreated
wastes from the pulp mill will be 4000 lbs/day. World Wide would
like to consider doubling the capacity of the plant in ten years,
which would increase the effluent loading to 8,000 lbs/day.

Various means are available to treat these wastes. More
efficient treatment methods are more costly.

Primary treatment involves allowing the wastes to settle in
earthen basins prior to discharge. This treatment removes about
50% of the BOD loading at a cost of about 50C/ton of kraft pulp
produced.

Secondary treatment involves oxidation in storage lagoons
for extended periods of time. This treatment removes about 75%
of the BOD and costs about EI/ton of kraft pulp produced.

Secondary treatment by mechanical treatment plant involves
oxidation of the wastes by mechanical agitation in a reactor.
This treatment removes about 90% of the BOD and costs about
$2/ton of kraft pulp produced.

Tertiary treatment involves secondary treatment by mechani-
cal plant followed by lime addition and filtration through acti-
vated charcoal. This treatment removes about 95% of the BOD and
costs about $4/ton of kraft pulp produced.

The company expects to realize a profit of $20/ton of pulp
produced, Tind haG indicated that a profit reduction of 5% is all
it wishes to sacrifice due to pollution abatement costs.
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Case Study: Hydroelectric project for the Country of Odi

Project Description

The Odi hydroelectric project will develop power from El Rio
Caballo. A rockfill dam 85 m high by 800 m crest length will be
constructed. The project will also consist of a spillway, in-
takes and pressure tunnels, surface powerhouse with two 70 MW
turbogenerator units, and a switchyard connecting to a double
circuit 115 Kv line to Odiville, capital of Odi.

The dam will form a reservoir with the following dimensions
at its maximum operating level: Surface area of 150 km ; lengt9
of 40 km. upstream from the dam site; storage of 1.5 billion m
within tmq operating limits of 15 m vertical drawdown plus 0.75
billion m reserve storage.

The entire watershed of El Rio Caballo and its tributaries
suffers a severe six month dry season. Reservoir levels will
therefore fluctuate greatly and a 15 meter drawdown is antici-
pated during the dry season.

Justification for the Project

During the past ten years, energy consumption in Odi has in-
creased annually by 10%. The forecasted annual growth rate for
electricity demand is also 10% through 1985. There is a present
sufficient installed generator capacity in Odi to meet the demand
only until 1975.

The completion of this hydroelectric project in El Rio
Caballo plus two other planned power generation projects in other
parts of Odi will enable the country to meet its projected power
needs through the late 1980's.

The project will provide employment of unskilled labor for
up to 1500 people per year during the construction period of the
project.

Environmental Impact Assessment

Human Ecology

The major impact of this project will be on peoples who must
be relocated. For background reading on this subject, see the
paper "The problem of population resettlement in reservoir pro-
jects in Africa. Cultural and human ecological factors and the
need for adequate resettlement planning." Ten thousand people
live in the area to be flooded and will be forced to abandon
their homes. An adequate resettlement plan has not been devel-
oped. Such a plan will be necessary and must include the com-
ponents of relocation, employment, and coimnunity development.
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Watershed Management and Sedimentation

The problem of expected sediment buildup in the reservoir is
the environmental impact expected to be next largest in magni-
tude. Quantitative studies of erosion and siltation in this por-
tion of El Rio Caballo watershed are absent, but a high siltation
rate into the new reservoir is expected. An existing dam in the
same region in Odi is receiving sediment at a rate which will
fill the reservoir in 20 years. A watershed management/refores-
tation plan is necessary to monitor and reduce erosion and silta-
tion and improve the resources of the project area.

Vegetation

There are neither rare plants nor especially valuable tracts
of vegetation in the area to be flooded.

An expected large impact will be growth of aquatic vegeta-
tion in the reservoir and an adequate program of control will be
required.

Animals

No rare aniials exist in the area. Various mammals may be
trapped by the project flooding. A contingency plan is needed
for their rescue and transport to new habitats.

There is a plan to develop a substantial commercial and
sport fishery in the new reservoir. The reservoir is expected to
become a popular habitat for waterfowl.

Archaeology

The Government of Odi has reported no known archaeological
sites within the affected area. However the area is poorly known
archaeologically. Through a cultural exchange program, the
government of Odi plans to bring in visiting archaeologists to
help inventory the area and develop contingency plans to protect
any valuable artifacts which are unearthed.

Public Health

The waters wnich will drain into the new reservoir presently
carry a heavy loading of raw sewage. Reducing the quantity of
raw sewage entering the reservoir will reduce the incidence of
fecal-oral transmitted diseases, such as hepatitis.

The project is expected to lead to an increase in malaria.
This should be checked through a program of vector habitat
destruction, chemotherapy, and isolation of victims.

Waterweeds should be controlled to reduce disease vector
habitats.
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Detailed Environmental Analysis

A. Human Ecology

The benefits of a development project are usually assessedat the national level. However, benefits should extend to a max-imum number of individual citizens as well. People are a coun-
try's most valuable resource.

Necessary considerations for the Resettlement Plan for theOdi Hydroelectric Pro3ect are the following:

1. A complete census of people displaced by the projectshould include an inventory of work skills.

2. Relocation.

a. Suitable areas mnust be obtained and plots assignedas soon as possible. All the families of this area need a back-yard in which to raise chickens and harvest fruit trees. An ob-jective should be to allow time for the clearing and planting ofthe backyard so that food trees are bearing by the time the move
occurs.

b. There are compelling reasons for a formal reset-tlement program organized by the government of Odi. There maynot be enough plots available privately for sale or lease toaccommodate all the displaced people. Furthermore, the value ofthese plots would rise in value due to scarcity, putting themabove the amounts paid to the displaced citizens for indemnifi-cation. The region is already overpopulated, and natural re-sources are scarce. Many plots will not yield enough timber to
construct buildings.

c. A formal relocation program is therefore essen-tial. Every family unit should receive a plot of sufficient sizeto support the family.

d. Expert planning assistance is needed from a socio-logical community development specialist and an agricultural ex-tension expert. Some input from an economist, a watershed man-agement expert, and an ecologist may also be necessary.

3. Employment.

Immediate employment opportunities should be offered thedisplaced persons either on the dam construction project or therecommended environmental protection program of erosion control
and reforestation.

4. Unplanned land use.

In an overpopulated region, people may be expected to con-
centrate near a development project. Impoverished squatters will
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begin to arrive and settle in the area to be flooded in the hope
of receiving some indemnification. This is already occurring at
the Odi site, where squatters have established a settlement just
outside the boundaries of the construction camp.

a. The government of Odi should impose a moratorium
on, or require permission to be sought for, all property trans-
actions in the area.

b. A plan should be developed to integrate unplanned
arrivals into the work programs of reservoir site preparation and
reforestation.

B. Watershed Management and Sedimentation Control

1. Stream protection for the tributaries.

A program is recommended for revegetation of banks and con-
struction of rock barriers, revetments, and other necessary mea-
sures to reduce erosion and siltation in the tributaries.

2. Reduction of sheet erosion on slopes.

Slopes which drain into the watershed or directly into the
reservoir often show substantial erosion. Stone walls con-
structed in fields within the project area frequently show one
meter or more accumulation of soil on the uphill side after a
year or two.

3. Drainage areas susceptible to gully erosion should re-
ceive special attention. Gullied road cuts should be stabilized
by means of vines or grasses.

4. The government of Odi should acquire a 100 meter strip
of land surrounding the reservoir. This land should be managed
for watershed protection.

5. Reforestation is an effective means of watershed pro-
tection. Trees capable of tolerating severe dry seasons should
be planted and maintained. A rational sustainable harvesting
plan should be established.

6. The government of Odi should establish a regionally
administeied extension program to reduce burning, overgrazing,
shifting agriculture, and other bad practices in the watershed.

C. Construction Activities

1. Borrow areas for aggregate, rock fill, sand, and other
construction materials are nearby. Transport roads will not
signifiantly contribute to environmental degradation of the area.
Use of the borrow locations will not destroy any special environ-
mental features. Customary industrial protection measures for
noise and dust pollution control must be complied with. Other-
wise no problems are envisioned.
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2. Engineering environmental protection plans.

a. There should be a plan for restoration in the bor-
row area and minimizing erosion.

b. The topsoil is a scarce and valuable resource inthe project area. All topsoil scraped off during construction
should be stored for replacement or reuse.

c. When practicable, quarries or sand pits should be
exploited as fish ponds or recreational areas.

3. Clearing most of the area to be flooded is stronglyrecommended. Another reservoir built 20 years ago in Odi was notcleared of trees beforehand. These trees are still present, showlittle signs of decay, are a hazard to navigation, interfere withfishing, and increase susceptibility to buildup of waterweeds.

D. Project Operation

1. Drawdown schedules should be developed in conjunctionwith fisheries experts. Many fish depend on shallows at thewaters edge for food, shelter, or reproduction. Drawdown at anunpropitious time could kill all reproductive stages of certain
fish species.

2. The reservoir will regulate flows downstream and reducethe frequency of flooding in the lower Caballo Valley. Flow aug-mentation will vary from 70 cu. m./sec. to 140 cu. m./sec. duringthe dry season. These well regulated flows should be exploited
for irrigation of fertile valley land.

E. Vegetation

1. Terrestrial.

There is no undisturbed natural vegetation in the projectarea. In an earlier era, the area was forested. Much of thearea to be flooded is planted in sugarcane, maize, and sorgum.
There is some rotational pasture land.

Near the proposed reservoir site theri are some small andisolated patches of vegetation which contain a higher density oftrees and more species of trees than the project area. Thesepatches can provide seeds for the reforestation program and
should be carefully conserved and protected.

2. Aquatic

A heavy growth of waterweeds should be expected and a con-trol program should be planned from the earliest stages. Thewater hyacinth (Eichhornia crassipes) is the most waterweed foundin this area and will be the greatest threat. Cattle cannot con-trol this plant even though they feed upon it, because they gen-
erally eat only the tops.
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Th,. waterweed second in abundance in the project area is
water lettuce (pistia stratiotes). Floating fern (salvinia
auricuiata) has been observed in heavy abundance at other reser-
voirs in Odi and may be expected in this new reservoir. Hornwort
(ceratophyllum demersum) is an inconspicuous plant because it
floats beneath the surface of the water. However, the dense,
rootless spheres of the hornwort can accelerate the deoxygenation
of a water body. These waterweeds have occurred in dense growth
in two other reservoirs in similar geographical regions of Odi.
A heavy growth in this project should also be anticipated.

The several adverse effects of heavy growths of waterweed
are listed below:

a. Floating aquatic plants increase the surface area
from which water is lost from a reservoir. If such plants cover
wide areas, evapotranspiration can cause a serious loss of water,
especially in the seasonally dry climate of the project area.

b. Dense mats of waterweeds mechanically interfere
with fishing and navigation and occasionally also interfere with
the turbine intakes.

c. Waterweed mats contribute to a decline in water
quality through reducing the amounts of light and oxygen that can
enter the water and by consuming already present dissolved oxy-
gen.

d. A serious health problem is also attendant with
mats of waterweed. Surfaces of the mats provide ideal habitats
for malarial mosquitos, for example. Roots of the water hyacinth
are a habitat for the snails which carry schistosomiasis. This
disease has already been reported in Odi, and snails in the same
subfamily as the disease carriers have been found in water hya-
cinth roots in two other reservoirs of Odi.

Therefore a plan should be developed to control water-
weeds over an indefinite duration. The government of Odi sug-
gested control through herbicides in its original project propo-
sal. This should not be accepted. Means of mechanical control
and removal, habitat manipulation by drawdown, and biological
control by fish and insects should be evaluated and incorporated
first.

F. Animals

1. Terrestrial.

Population pressures and the destruction of all large forest
areas have caused the migration of the extinction of large mam-
mals in this project area of Odi. Presently some racoon, weasel,
paca, agouti, coati, and grison are thought to occur within the
project area.
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Although the project will not endanger any particular mam-mal, the fauna of the region is generally depleted. Substantialefforts should be made to preserve existing fauna. No hunting ortrading in hide or flesh of wild animals should be permiitted.
Also, all animals trapped by rising waters should be rescued and
sent to predestined habitats.

There are relatively few species and numbers of birds pres-ently in the project area due to the absence of wet forest. Theexisting species are not rare, but should be protected, in part
because of benefits in controlling insect pests.

2. Aquatic.

There are many lakes throughout Odi and the country aboundsin water fowl. Several species of duck and agret are especially
abundent. The new reservoir is likely to develop into a fine
stopover for migratory birds.

Migratory fish are already prevented from passing up El RioCaballo by the presence of another dam. The new project will not
change this situation.

A great benefit could accrue to peoples of the region bydeveloping the reservoir into a warm water fishery. Fish is astaple in the local diet, and current fishing yields from El RioCaballo are decreasing. The government of Odi has envisioned
creation of a fishery with an annual production of 500,000 kg offish and employment of 400 men. These estimates seem over opti-
mistic, but potential exists for a good fishery.

A large and newly created reservoir will often have an ini-tial burst of fish productivity followed by a decline. The pro-cess of maintaining a viable and productive fishery over a longtime period is a biologically and technically complicated proce-dure. A surprisingly large fish breeding program is required
along with lengthy pilot investigations.

Fish which are presently common to Odi and which could beexpected to thrive in the new reservoir include the Tilapias,
catfish (Galeichthys guatemalensis), the mullet (mugil), and thechimbola, or top minnow (molliensia sphenops). The top minnow isvery abundant and well distributed throughout Odi. Apart frombeing a reasonable food source, this species can serve a valuable
role in mosquito control.

Qpecific recommendations regarding the establishment of a
commercial fishery

1. A fish culture station should be immediately establish-
ed at the reservior site by the Ministry of Agriculture of Odi.

2. The personnel of the fish culture station should adviseon the clearing operation in order to optimize future fishing.
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3. The fishery station personnel should be involved in a
program of restoration of the lake margin, including reforesta-
tion.

4. The station should establish a limnological research
program to include studies of algae and invertebrates, especially
shrimp.

5. The fish program should emphasize game fish. Work with
top feeders for insect control, vegecarians for waterweed con-
trol, bottom feeders, and snail feeders should all be encouraged.
The many lakes in Odi can provide the breeding stock for this
project.

G. Public Health

Diseases expected to increase due to the project if no pre-
cautions are taken include hepatitis, malaria, schistosomiasis,
and Chagas' disease.

1. Hepatitis.

A recent outbreak of infectious viral hepatitis is causing
concern in the National Health Service of Odi. About 10,000
cases are reported annually in the country. Fecal contamination
of drinking water is usually responsible for this disease. There
is reason for concern over possible future epidemics in the pro-
ject area because the waste waters from the city of Las Montanas
(pop. 400,000) drain directly into the projected reservoir.
According to the National Health Service of Odi, these waste-
waters are raw and untreated.

2. Malaria.

Malaria is presently endeic to the project area. Although
the country reports 50,000 annual cases, there are few deaths.
The larva of the Amopheles mosquito vector is aquatic. The crea-
tion of the proposed reservoir will increase the breeding habitat
of this mosquito. Special preventative measures may be called
for.

3. Schistosomiasis.

Presently there are only a few cases of schistosomiasis in
Odi. The disease was unreported before 1970.

The disease vector is an aquatic snail through the parasitic
blood fluke is passed on to humans. The snails flourish in the
roots of the water hyacinth. Since there are snails of the same
subfamily flourishing in other waters of Odi, there is legitimate
concern that the Schistosomiasis vector would flourish if intro-
duced.
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4. Chagas' disease.

Chagas' disease is a potential and not an actual problem inthe project area. About 300 cases are annually reported in Odi.The vector is the bloodsucking triatomine bug. The use of mud,adobe, and thatch must be restricted in the project area in ordernot to afford habitat to the bug.

Public health recommendations

1. The National Maaria Control Service of Odi shouldassign a small permaneni detachmreni: to the new reservoir project.This detachment can collaborate with other groups to reduce anddestroy breeding sites and encourage programs to stock larval-eating fish. The unit should stock free chemotherapeutics and beprepared to offer free treatment to a sizable number of cases.

2. A full Public Health Clinic might be justified for theproject area, of which the Malaria Unit would be a part. Clini-cal staff would be on the alert for symptoms of all four of themajor diseases and would provide free care to anyone.

H. Archaeologv

According to the Ministry of Cultural Affairs of Odi, thereare no known archaeological, historic, or otherwise noteworthysites in the project area. However, the area is poorly knownarchaeologically. Through a cultural exchange program, thegovernment of Odi plans to bring in visiting archaeologists tohelp inventory the area and develop contingency plans in casevaluable artifacts are unearthed.

A valuable ruins of an anichient community at Aguas Calienteslies just outside the area to be flooded. The government of Odihas developed a plan to protect and inventory this area.

I. Scenic and Aesthetic pualities of the Reservoir

The new reservoir will have a prolonged 15 meter drawdownduring the dry season. This will expose unattractive and prob-ably pungent mudbank -;. The drawdown will make access to thewater difficult. However, the seasonally exposed banks will bebeneficial in establishing a waterfowl santuary.

Water quality in the reservoir -s expected to improve withthe better watershed management pract:cs'-, L.:t the LeservoLr willbe at least initially turbid in srMe parts

There are other rivers in this area of Odi with attractionssimilar to that which will be flooded. No noteworthy waterfalls,gorges, unusual geological formations, or caves are likely to be
affected by the project.
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The presence of a clean lake amid the rugged mountains of

the area will enhance the attrativeness of the region.

J. Tourist Potential

There are many large and medium sized natural lakes in the
country of Odi. The additon of another large lake will not add
greatly to the attraction of tourists. The proposed fishery de-
velopment will ensure much sport fishing opportunity.

The government of Odi should carefully designate sites for
picnics, camping, bathing, and (non-power) boating. These activ-
ities should be managed so as to be compatible with water quality
control, watershed management, power generation, and good health
conditions.
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Case Study: Iron Ore Project in the Country of Edel

Project Summary

The project involves the exploitation of large quantities ofhigh grade iron ore in the interior of the country at a sitecalled La Teirra de Fierro. The ore will then be transported byrail to a terminal to be located at the ocean port of Baja Linda.There it will be transferred onto large half-million ton combina-tion oil/ore boats for transportation to the world markets.

Environmental Impact Summary

The area which stands to suffer the greatest environmentalimpact unless proper precautions are taken is the Bay of BajaLinda. Baja Linda is a largely unspoiled bay of great estheticbeauty. The small town of the same name is located on the bay.The attraction of the bay causes the population of Baja Linda toswell from 3000 permanent residents to 15,000 during the summermonths. The Bay of Baja Linda also supports important shellfish
and finfish commercial fishery.

Studies of the currents and tides show that the bay does notreadily flush itself of impurities. Accumulation of oil andother discharged pollutants is likely to occur. If the oil/oreboats clean their holds with detergents, the discharged mixtureof oil/detergent/water could prove toxic to large areas of shell-fish and begin a process of ecological deterioration of the bay.

Other environmental impacts considered at Baja Linda werethe proposed 2 km. rail trestle which would cross the bay to anisland-based marine ore loading terminal, and the total impact of
the project on tourism development.

Environmental impacts associated with the mining site andrail transport of the ore are considered to be less severe.
These are discussed in detail in the text.

Alternatives to Mitigate Environmental Impacts at Baja
Linda

The following agreements to mitigate environmental impactsat Baja Linda were achieved through negotiations with the bor-
rower (the Govt. of Edel):

1. A safe procedure was established for handling the slops (the
oil/detergent/water mixture) from the ships' holds.

2. An improved navigation system for the oil/ore boats was de-
signed to prevent accidents.

3. A contingency plan with standby equipment was established tobetter preserve the esthetic qualities of the bay.

V-21



4. A plan was established for dust control from the ore.

5. Plans for solid wastes handling and sewage treatment at the
ore terminal were developed.

----------------------------------------------------------
Detaile-1 Project Description

The Government of Edel requested a loan from the World Bankto finance a project for mine and export 10 million tons of ironore per year from a large deposit in the interior of the countryat a site called La Tierra de Fierro. Once extracted, the orewould be shipped by rail about 200 kms. to the seaport of BajaLinda. A new marine terminal would be constructed on an islandin the bay to receive the ore and transfer it to ocean-goingvessels. The terminal design would enable it to handle vessels
up to a half-million tons.

Transfer of the ore from the mine to the terminal will beprovided by the state-owned railway system, Los Ferrocarriles de
Edel.

The iron reserves in La Tierra de Fierro are high grade andsubstantial. The deposit to be mined contains 500 million tonsof ore with an average iron content of 70%. Other deposits near-by contain another 500 million tons of ore. The deposit has verylittle overburden and is well suited to the planned open pit
operation.

Economic justification for the project is substantial.World iron ore prices are firm, after an earlier depressed periodduring the 1960's. World iron ore demand is expected to requirean increase in annual production of 40 million tons each year
throughout the 1970's.

The Government of Edel has already obtained long term salescontracts for 90% of the initial iron ore output of the project.An expected return tc the Government of 20% has been calculatedat a sales of 10 .iillion tons per annum. Even under the adverseconditions of increased operating costs and price erosion theeconomic return should not decrease below 12%.

The average net foreign exchange benefits to the Govt. ofEdel are expected to range between US $50 millions and $75 mil-
lions annually.

A. The Mining Plan

The orebody at La Tierra de Fierro is massive and outcrop-ping. Thus it is well suited to open-pit mining and has a quitefavorable stripping ratio. Conventional hillside open-pit miningmethods will be used. Ore and waste will be drilled, blasted,and loaded by shovels into trucks for haulage to the processingplant or waste dumping sites. The mining will occur over 3
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shifts operating 6 days per week. About 12 million tons of crude

ore will be extracted to produce 10 million tons of salable ore.

B. Ore Preparation

The ore preparation plant will consist of primary crushing,
screening, secondary crushing, final screening and washing, and
hydraulic classification facilities. The plant will be designed
to process 15 million tons of crude ore per year with provisions
for future expansion.

About 80-85% of the ore mined will emerge from processing as
salable ore. The remainder, consisting of very fine material,
will be stored in hopes of developing a future market.

C. Overland Import

The ore will be transported the 200 km. to the port of Baja
Linda via a commercial railway system which presently exists and
is operated by the government railways, Los Ferrocarriles de
Edel.

D. Ore Transfer

Transfer of the ore will occur at an ocean terminal to be
constructed on a small island about 1 km. off the coast in Baja
Linda. The site was selected from various alternatives after
weighing the various technical and economic factors, including
feasibility of transport.

The terminal will receive and unload unit trains of iron
ore, provide stockpiling facilities, and load oceangoing vessels
of up to a half million tons. Linkage with the mainland will be
through a railroad trestle 2000 meters long.

The ore transfer operation has been designed to be easily
expandable to double the present annual capacity.

Environmental Impact Analysis

A. The Mine Site

1. Dust created by mining operations at La Tierra de
Fierro is not expected to cause major problems. Blasting will
cause considerable dust and flying rock for brief periods. The
blasting will occur so infrequently, however, that the impact is
expected to be negligible. Drills will be equipped with dust
collectors and will be essentially dust free. Dust will be
caused by traffic on haul roads. This will be minimized by
sprinkling. The main access roads around office areas will be
paved.

Dust from transfer operations will also be minimized. The
mined ore will be transferred by truck from the mine to the
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crushing plant. The plant will be equipped with dust collectors
connected to hoods at the feeder and crusher. If necessary,
water sprays will be used on the feeder discharge and ore con-
veyer. Water sprays will be used to control dust on the open
piles of ore stored after crushing.

2. Tailings from the processing operation require proper
disposal. These tailings will consist of a slurry of fine hema-
tite sand and slimes. The slurry will be thickened by passing
through a cyclone and the reclaimed water will be reutilized in
the process. The final slurry will be stored in a pond formed by
damming up a valley behind the plant. The plan is to recycle
pond water to the processing plant. To accomplish this, a syn-
thetic polyelectrolyte flocculant will be utilized to clarify the
pond waters. Overflows will then be passed through a filtering
dam prior to reuse.

3. Processed ore will be stored in an area with a system
of underdrains. Drainage water will flow to the process water
reservoir. Piles in storage for long periods in the dry season
will be sprinkled periodically. Bucket wheel excavators will dig
into the pile and mix the underlying damp material with any dry
surface material. The bucket wheel excavators will discharge to
conveyros, bins, shuttle conveyors, and to a continuously moving
train.

4. Erosion in the mining and processing areas will be
minimized by fitting lined ditches into the top and base of cuts.
Cuts will be designed to minimize the area exposed to surface
water. Sediment carried by the runoff and drain streams will be
deposited by siltation in the process water reservoir.

5. Reforestation will also be employed to control erosion
at the mining site and to minimize the visual impact of the min-
ing operation.

6. The nearby city of El Fierro Grande is located on the
opposite side of the mountain from the mining operation. Thus
the inhabitants will not directly view the mining operation.

7. Sanitary wastes from the various facilities will re-
ceive treatment in an aerated sewage treatment plant designed for
1000 people.

8. The water supply system will be constructed for the
project. A reservoir will accumulate natural runoff behind a dam
to be constructed below the plant.

B. Ore Transport Overland

1. Noise will be a major problem. The roar of 3000 hp
locomotives, signal whistles, screaming of loaded ore cars on
curves, and the rumble of empty cars returning will frequently
exceed the 80 db. level commonly set as tolerable.
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When the ore processing plant operates at capacity, twelvetrains daily of i00 cars each will be required. Los Ferrocar-riles de Edel have proposed welded track and muffled locomotivesto lessen the noise. Even so, the passage of trains at nightwould disturb the sleep of persons in villages along the right of
way.

2. A hazard to pedestrians will be introduced if trainsare restricted to daylight hours to eliminate disturbance tosleep. The tracks run along the coast for the last 100 km. be-fore Baja Linda and many people cross these tracks to visit
coastal beaches.

3. Some new railroad construction will be required. Un-less controlled, erosion associated with construction could be a
major problem.

4. Ore dust can fly from the open cars unless kept moist.
Sprinkler systems should be installed enroute.

C. Ore Terminal Site-Baja Linda

A sketch of the site appears on the following page.

1. Presently the Baja Linda area is undeveloped. Ecologi-cal investigators described it as the most beautiful they had
seen.

2. The most serious existing environmental problem is ero-sion. This is especially true on the low hillsides of deeplateral soil which have been cleared for pasture. Road cuts andnatural washouts from these areas are highly visible.

3. Slash and burn agriculture is practiced but is not in-
tensive. Few environmental problems are presented.

4. The natural vegetation is lush. There exists a variety
of species and the growth is dense.

5. There are many lovely sandy beaches with clean white
and tan sands.

6. Population density is low and the homes blend pleasant-
ly with the natural environment.

7. The tide flows in the bay have been measured. The cir-culation pattern is poor around the island which is to serve asthe terminal for the ore boats. Any waterborne wastes or pollu-tants emanating from the ore terminal would tend to circle around
the island and would not be well dispersed.

8. Presently there is an extensive fishery in La BajaLinda. The principal species caught is shrimp. A dozen speciesof fish are taken, including corvina and catfish. Virtually all

V-25



Sketch of Ore Terminal Site in La Baja Linda
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of the species taken are known to be highly dependent, as juve-niles, on the estuarine environment of the bay. Probably theymigrate to the deeper western end or to the ocean to spawn.Habitat alteration in the shallo, eastern end by pollution orfilling will reduce the productivity of the bay for fish and
shrimp.

About 200 metric tons of shrimp are harvested annually fromthe eastern end of La Baja Linda. The worth of this catch isabout $US 250,000. This figure, plus the value of the fishcaught commercially, plus the value of the estuary as a nurseryarea indicate that this bay is of real value to the commercial
fishing industry of the country of Edel.

9. An extensive biological sampling program was carriedout throughout the bay to establish the major biotic communitiesof the project area and their floral and faunal components. Forexample, 53 species of mollusks were identified.

This sampling has established ecological conditions beforethe construction and operation of the ore terminal so that bench-marks exist. Changes due to proejct-caused pollution can be
quantitatively related to these earlier conditions.

10. The tourism potential of Baja Linda is great. Theattractiveness of the area is such that the town of Baja Lindaincreases from 3000 permanent residents to a summer population of
15,000.

Environmental recommendations regarding the ore
terminal facility

1. The site for the ore terminal has been recommended tobe based at the southern portion of the island so that it willnot be visible from shore. A further recommendation is that noalteration be made on the northeast side of the island by forest
cutting or blasting.

2. The face of the excavation on the south side of theisland should be provided with broad terraces. These will pre-vent erosion and encourage natural regrowth of vegetation. Theaesthetic advantage will be to help soften the visual impact of
the ore terminal transfer site.

3. No signs advertising the project should be permitted
except those required by law.

4. The 2 km. railroad trestle will be an eyesore. Thetrestle and terminal facilities should be painted appropriatesoft colors to blend with the sea (trestle) and the island back-
ground (terminal).

One possible advantage of the trestle will be to serve as acatwalk for fishermen. This may add to the recreational poten-
tial of the area.
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5. A plan should be developed to provide solutions to the
anticipated water supply and sewage disposal problems that will
accompany the increased population in the Baja Linda area due to
the project construction. It is specifically recommended that
the Government of Edel begin planning now to install a new water
treatment plant and a secondary level sewage treatment plant.

6. The Government of Edel should assign an environmental
inspector to the project. Such an inspector would have authority
to order measures to prevent environmental degradation and, if
necessary, to order work halted until remedial measures are
taken.

7. The greatest potential for project environmental impact
is from oil spills.

a. The possibility for oil discharges within Baja
Linda will exist even if prohibited by law. The harbor of Baja
de Oro, for example, is located in the adjoining country of Spar.
This harbor receives heavy industrial traffic and is now grossly
polluted by oil discharges which occur in flagrant violation of
existing law.

b. The oil/ore boats have a procedure of washing the
oil from bulkheads with water and detergent when switching cargos
from oil to ore. At least 10 tons of "slurry" or "slop" is pro-
duced from each of the several holds of the vessel. Total dis-
charges of more than 100 tons can be expected.

c. Possibilities for construction of shore facilities
to reclaim the oil should be investigated. Alternatively, a law
requiring discharge of slop far out at sea should be rigidly en-
forced.

d. The detergents used in hold cleaning are extremely
toxic to marine organisms ad special precautions should be taken
to prevent detergent from entering the waters of Baja Linda.

e. A large oil spill in Baja Linda could have disas-
trous effects upon the ecology of the bay and on the commercial
fishery. The problem would be compounded because pollution from
the ore terminal would tend to circle the island and not be well
dispersed. Effects from a spill would thus linger over a long
period of time.

8. Planning should include a modern shoreside facility for
solid wastes disposal. Furthermore, close policing will be re-
quired to prevent the too common practice of shipside disposal of
solid wastes.

9. If a future market is developed for the fine spoil from
the mining operation, this should be pelletized at the mine site.
Extreme dust problems would be otherwise associated with shipping
and processing these fines.
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Case Study: Nickel Ore Mining and Refinery Project

in the Country of Teleroy

Project Summary

The State-owned mining corporation of Teleroy, Corporacion
de Explotacion de las Minas, has proposed a project to mine and
refine one million tons per year of ore containing an average of
1.5% nickel. The ore will be mined from a mountainside on the
northeastern side of El Lago Capitan in southern Teleroy. The
site is about a mile to the north of the processing site and 4000
feet up into the mountains. The mined ore will be trucked down
the hill to the processing site.

The refinery will be built on the lakeshore adjacent to the
mine. A port will be constructed to receive supplies and export
the refined nickel. A 60 MW oil-fired power plant will be con-
structed to provide both steam and power for the plant. Another
major construction associated with the project will be a residen-
tial area of 200 homes for plant supervisors.

The ore processing will proceed by crushing th8 ore followed
by rotary drying to 25% moisture. Roasting at 1700 F with sulfur
and in the presence of air selectively reduces the iron and pro-
duces NiS. The reduced ore is smelted in an electric furnace at
2700 F. The floating slag is skimmed, cooled with water, and
disposed. The settled matte contains about 25% nickel. It is
transferred in 30 ton batches to a top blown rotary converter
with blown air and a sand flux. Another slag is produced. This
time the slag sinks and the converter matte is separated by skim-
ming. This converter matte contains about 75% nickel. It is
water cooled, granulated, dried, and packaged for shipment. The
processing of a ton of ore yields about 50 pounds of final pro-
duct.

Environmental Impact Summary

Environmental impacts can occur at the mining site, the re-
finery, a sand mining operation on the shores of El Lago Capitan,
the port, and the new village.

El Lago Capitan is an unpolluted lake of about 500 km2 with
an average depth of 15 m. The greatest potential for project en-
vironmental impact is deterioration of this lake from a variety
of sources. These include wastewater discharge from the refin-
ery, siltation from the sand mining operation and the mine site,
accidental spillage at the port, and effluent discharge from the
new village.

The refining operation is pyrometallurgical and does not
produce liquid process wastes. However a total fo 30,000 gallons
per minute of cooling water will be discharged with a 20 F tem-
perature differential over ambient. Also 9,000 gallons per min-
ute of various processing waters will be produced. Some water
quality impacts can be expected from the thermal discharge and
the (relatively small amounts of) pollutants in the process
waters.
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The sand mining operation will produce 200 tons of sand per
day and is calculated to produce 50 tons per day of silt. This
is expected to have a substantial local impact to the southeas-
tern area of El Lago Capitan. Another source of siltation in the
lake could occur from erosion at the mine site but is expected to
be minimal.

Large amounts of oil will be transported to the port. Size-
able leaks or spills would have a substantial and lasting impact
upon El Lago Capitan.

A package secondary treatment plant will be installed to
serve the new village. The effluent will be discharged into a
stream which drains into the lake.

The impact upon the air environment will be due to the 30
tons of sulfur as SO which will be discharged from the power
plant and the convert~r at the ore processing plant. Filtration
and electrostatic precipitation will remove essentially all the
particulate matter from exhaust gases of the power plant and the
processing operations.

Goo methods of controlling erosion and restoration of the
mining area will insure that little environmental damage will
occur there.

Procedures to Mitigate Environmental Impacts

The following agreements were reached with the goverrnment of
Teleroy to mitigate various impacts of the nickel ore mining and
refining project.

1. An emergency system of boom containment and absorbers
will be in place at dockside to restrict and collect any oil
spills which might occur.

2. A lagoon will be constructed for the sand washing oper-
ation to prevent siltation of the southeastern end of the lake.

3. Process waters discharged from the ore processing and
refinery operation will pass through a settling tank prior to
discharge to the lake. Suspended solids will settle and oil will
float on the surface and can be removed by skimming. Little
cooling will occur due to the short residence time.

4. Two air sampling stations will be located to the east
and west of the plant to insure that ground levels of SO are not
excessive. (If these show that excessive concentrations of So
are present, additional treatment facilities should be conisderea
for this plant and should definitely be required for any plant
expansions).

5. A water sampling station will be placed at the dis-
charge of the cooling and process waters. Analysis should in-
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clude temperature, suspended solids, oils, and metals such as Fe,

Ni, and Zn.

Disagreements over Impact Mitigation Procedures

There is a disagreement over the need to mitigate the ther-mal effects of the cooling water discharge. The discharge willundorbtedly cause a substantial localized temperature rise. How-ever the Corporacion de Explotacion de las Minas has disputed theclaim that the discharge will cause a temperature rise sufficientto disrupt the ecology of a substantial area of the lake. Therecommendation that heat be dissipated through a diffuser pipe-line with perforated openings has not been accepted on thegrounds that it is not necessary. The matter remains to be re-
solved.

Detailed Environmental Analysis

A. The Mine Site

The ore is a silicate of iron and magnesium containing anaverage of 1.5% nickel. This ore will be surface mined to depthsof 10 to 30 meters. The average depth will be 20 meters and willconsist of about equal layers of ore and overburden. This over-burden wili be spoiled, and the spoil from one bench will be re-placed into a previously mined out bench. The benching of themine area will start at the bottom and mined out sections will bereplaced from above. This is a substantial environmental protec-tion action designed to preserve the mine area in as close to itsoriginal state as possible.

The other major environment-.± :_asure at the mine site willbe that topsoil will be separated and z:aistributed on top of thespoil following the mining op(.ration. The plan is to plant acommercial crop on the regeneritted land after the mine has been
abandoned.

Some loss of topsoil, espeially silt, will occur duringperiods of heavy rainfall. Tnis will increase the sedimentloading in the clear mountain stream that runs down the mountain.Sediment may, on occasion, reach the lake. Periodic increases inturbidity in the lake would present an unsightly condition andinterfere with fishing operations. If a heavy rainfall occurs ata time when topsoil has been freshly excavated and is unprotect-ed, a substantial short term increase in turbidity in the lake
can be expected.

The overburden is fully weathered rock and no further leach-ing of soluble minerals or metals is likely to occur.

B. Ore Transport

Since the distance between mine site and refinery is soshort, no environmental effects associated with transport are
considered noteworthy.
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C. The Ore Processing and Refinery Operation

1. Impacts upon the Land.

Land use is not intensive in the vicinity of the proposed
ore processing and refinery operations. Use is about equally
divided between pasture for cattle and farming (corn and rice).
These activities are not judged to be likely affected by the new
operation.

One potential problem could develop from the slag buildup
from ore processing. The present plan is to store the slag at
the plant site pending possible future utilization for recovery
of other metals. Few soluble minerals will be present to be
leached. If unplanned, the slag heaps could be quite unsightly.

2. Impacts upon El Lago Capitan

a. Present condition of the lake.

El Lago Capitan is an unpolluted, relatively clear lake
that is ideally suited for recreation, fishing, and even use as a
water supply. The major use of the lake at present is fishing by
individual commercial fishermen. Representative water analyses
(based on 5 to 25 samples) are shown in the table below.

Representative Concentration

Constituent ppm unless otherwise indicated

Silica (as SiO 2 ) 15

Total hardness (as CzC03) 96

Suspended solids 6

Dissolved solids 126

Chemical oxygen demand 5

Iron 0.22

pH 8.3 (pH units)

Caliform bacteria/100 ml. 20 (number of
colonies)

Ave. temperature (winter) 75 OF

Ave. temperature (summer) 90 OF

The only potential difficulty for use of the water in the
ore processing and power plants is the silica content. Water for
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high pressure boilers and turbines of the power production unit
may require pretreatment.

The lake should be considered a major recreational re-source as development of the area proceeds. The lake should be
preserved in a good condition for such purposes.

b. Port operations

A port will be constructed next to the ore processingplant to receive the raw materials sulfur, sand, and oil. Oil isthe only material which poses an environmental hazard. Oilbarges will unload at the dock into an oil pipeline through whichthe oil will be pumped to storage tanks at the plant site. ThisBunker C type oil will be used to fuel the 60 MW power plantwhich will provide steam and power for the ore processing plant.

Potential environmental problems could be Bunkdpr C oilleakage from a barge, an oil transfer pipeline, or from the on-shore fuel storage tank. In the absence of controls, an oilspill would float on the surface and jeopardize fish, waterfowl,
recreation, and the aesthetics of the lake.

The Bunker C oil will barged in under contract to asupplier. He may not be as reliable or as concerned with thelocal environment as La Corporacion de Explotacion de las Minas
de Teleroy. The Corporacion has therefore agreed to insist onguarantees for oil spill clean up from the supplier. Further-
more, oil spill containment booms and absorbents will be stockedat the port in the event this equipment is needed to control a
spill.

c. The ore processing and refining operation

Water from El Lago Capitan will be brought into theplant for two major purposes: (1) 30,000 gpm fct the power plantcondensor and auxiliaries cooling, and, (2) 9000 gpm for process
and drinking water.

The 3) :)O gpm of cooling water will be drawn in at anaverage winter L.-mperature of 75 OF and an average summer temper-
ature of 90 OF. Maximum temperature in the water body is about95 OF. During use, these waters will be heated about an averageof 20 OF, and will be discharged without treatment. Maximum tem-perature of the discharge will thus be about 115 OF. These
waters will pass into a canal which will discharge into the lake.The matter of including a perforated diffuser pipe to disperse
the heated water into the lake is under discussion.

Of the 9000 gpm of process water, all except 300 gpmwill be used as withdrawn from the lake. The remainder will beprocessed through a water treatment plant for drinking water (200
gpm) and boiler feedwater (100 gpm). Major uses of the process
water will be for wet ore crushing, cooling slag, cooling matte,
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and pelletizing the final product. Corporacion de Explotacion de
las Minas has asserted that the mixcellaneous process waters will
be unpolluted, since they are essentially used in various cooling
operations. Water is not used as a reaction medium since the ore
processing is purometallurgical.

However, the presence of emulsified oils resulting from
leakage of lubricating oils into cooling waters appears to be un-
avoidable in an operation of this magnitude. In total, the dis-
charge of process waters from the plant will be contaminated with
soluble boiler salts, oils, heat, and suspended mineral solids.

La Corporacion de Explotacion de las Minas has agreed
to install a settling basin through which the process waters will
pass prior to discharge to the lake. This will allow settling of
suspended solids and oils will float on the surface and can be
removed by skimming. This precaution is important because emul-
sified oils are unsightly and will coat, clog, and cling to ob-
jects found in the lake. Emulsified oils are a hazard to water-
fowl and fish. Suspended mineral solids such as iron, sand, and
various oxides cause turbidity and settle in coves and other
areas of little water movement. A soft and shifting lake bottom
is created, unsuitable for the roe of most fish.

The Corporaciion plans to construct a small sewage
treatment plant for domestic sewage from the plant. Details of
this plant are not presently available. Good treatment of sewage
effluents is important, because bacteriological contamination of
the lake by direct discharge of sewage or poorly treated sewage
effluent might endanger the users who are dependent upon the lake
as a source of drinking water. Excessive sewage discharges into
a lake lead to many other problems as well.

d. The new village

The new village will house about 800 people in 200
homes. Water will be supplied from an intake pipe from the lake
about 10 km. from the plant site. A package secondary sewage
treatment plant will be installed in the village. The treated
effluent will be discharged into a small stream which travels 5
km. prior to discharge into the lake. Discharge will occur about
2 km. from the intake pipe for potable water for the village. No
pollutional problems are anticipated due to the ample dilution of
the secondary effluent.

3. Air Quality Impacts

There is no available data on air quality in Teleroy.
Apparently no air sampling and analysis has been carried out.
Visual observations and conversations with inhabitants indicates
that the present aiQ quality is good. The only notable existing
source of air pollution is smoke from the slash and burn practice
of agriculture. However the smoke from this operation is re-
ported to frequently hang in the air for a day or more at a time,
especially during the summer.
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The plant and the new village are surrounded by moun-tains, and inversions are apparently a common occurrence duringthe summer months. No hazards exist at present because of thelow level of man's activities in the region. A potential problemis posed by the ore processing plant and the power plant. Poten-tial contaminants from both the ore processing plant and the
power plant are flyash and sulfur dioxide.

Extensive air pollution control facilities are plannedto eliminate fly ash and other particulates from exhaust gases.A series of multicyclone filters and electrostatic precipitatorswill eliminate particulates from gases in the ore processing and
power plant operations.

No plans are incorporated for removal of SO Twentytwo tons of sulfur (as SO2 ) per day will be emitted by2 the powerplant, and another eight tons will originate in the converteroperation of the processing plant. Two stacks of 400 feet willbe constructed in order to disperse the exit gases. Those gases
are expected to contain about 0.05% SO2 .

Sulfur dioxide is hazardous to human health whenbreathed. It is odorous and corrosive to plant life as well asmany metals. Two air pollution monitoring stations will beestablished at ground level one mile east and west to the pro-cessing pl.ant to insure that ground levels of SO are not exces-sive. (Editorial comment: If ground level concentrations exceed0.1 ppm for 24 hours or 0.5 ppm for hour during the months ofheavy atmospheric inversion, then some requirement ought to beconsidered for the installation of SO2 - control technology, such
as a wet scrubber).

D. Environmental Control Costs

The total cost of the planned air pollution controlfacilities is $US 2.5 millions. Another $US 2.5 millions will berequired for construction of the tall stacks.

Total water pollutional control costs are estimated at$US 1.5 million not including the cost of construction of a cool-ing water diffuser pipeline. The cost becomes $US 1.9 millions
with the cost of the diffuser pipeline included.

The total of $US 6.5-6.9 millions represents about 4%of the total estimated cost of the project.
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ACADEMY OF SCIENTIFIC RESEARCH & TECHNOLOGY
&

THE UNIVERSITY OF MICHIGAN

WATER QUALITY STUDIES ON THN

RIVER NILE AND LAKE NASSER

By

Khalil H. Mancyb

INTRODUCTION

The Egyptian Academy of Scientific Research and Technology,
in collaboration with The University of Michgan, is conducting afive-year research program on the environmental impacts of theAswan High Dam. The project was initiated with the financial andtechnical support of the U.S. Environmental Protection Agency
(EPA) and The Ford Foundation.

This project addresses itself to issues of vital importanceto Egypt and the scientific community at large. These issueshave been receiving a considerable amount of attention in theliterature and in the news media. yor example, the AID Manual of
Environmental Assessment Guidelines states that,

Dramatic examples of change can be seen where man has
altered the course of nature. It is vividly evident in
his well-intentioned but poorly thought out tampering
with river and lake ecosystems. The Aswan High Dam was
primarily built to generate electric power. It pro-
duced power, but it also reduced the fish population inthe Mediterranean, increased the number of disease-
bearing snails, and markedly lowered the fertility of
the Nile valley.

a A summary statement of goals and objectives, prepared for pre-
sentation to the Agency for International Development, U.S. State
Department, October 10, 1976.
bPrincipal Investigator and Professor of Environmental Chemistry,
School of Public Health, The University of Michigan, Ann Arbor,
Michigan 48109
1Agency for International Development, Environmental Assessment
Guidelines Manual, page 4, September 1974.
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The Aswan High Dam was primarily designed for water storage

and river flow control for the purpose of increased agricultural

production. The fulfillment of this goal is of vital importance

to Egypt since the River Nile constitutes over 90% of the coun-

try's fresh water resources and where the present population of

36 million people inhabit approximately four percent of the land

and the rest is barren desert.

The construction of the Aswan High Dam resulted in the for-

mation of Lake Nasser reservoir, and the storage of approximately

150 billion cubic meters of water, at an elevation of 175 meters

above sea level, as of June 1976. Furthermore, river flow has

been maintained at levels compatible with irrigation require-

ments, as shown in Figures 1 and 2. This resulted in the recla-

mation of new land for agriculture and enabled the farmer to

raise new crops and to cultivate his land all year around.

In addition to water storage and river flow control, the

Aswan High Dam has a maximum hydroelectric power output of 8

billion kilowatt-hours per year. In 1974, the total amount of

electric power consumed in Egypt was 8.5 billion kilowatt-hours.

Of this amount, 4.46 billion kilowatt-hours were provided by the

Aswan High Dam, i.e., about 53% of the total national annual

power requirements. In 1976, Egypt completed an impressive rural

electrification program, which utilizes the hydroelectric power

of the Aswan High Dam.

It is important to note that the total installed capacity of

the hydroelectric power station in Aswan is 2.1 million kilo-

watts. This is considered to be small in comparison to other

major dams in the world, as shown in Figure 3.

RESEARCH GOALS

Benefits from the Aswan High Dam project cannot be fully
realized in the absence of appropriate strategies to deal with
the environmental impacts of the dam and their human implica-

tions. Eco'ngical alterations resulting from the construction of

the Aswan High Dam and Lake Nasser reservoir have significant

effects on the multipurpose use of the river as well as public

health, social, and economic implications. It is the goal of

this project to assess current and future environmental impacts

of the Aswan High Dam and to utilize this information for the

development of water resources management schemes. Specifically,

this project aims to assess the effect of water impoundment in

Lake Nasser and the impact of river flow regulation on water

quality and multipurpose river use in Egypt. This includes pub-

lic health, agricultural, and socio-economic implications. The

overall aim is to provide policy and decision makers in Egypt

with factual information on present conditions, predictions of

future trends, and strategy alternatives for river resource man-
agement.
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Figure 1: River Flow Control Afforded By The Aswan High Dam
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Figure 2: Hydrological Balance of Lake Nasser
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Figure 3:
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Current research activities are designed to provide sce-
narios, based on current conditions and predicted future changes
in the Nile water quality, and their impact on water use. Lake
ecosystems studies aim to assess current conditions and predicted
future changes and their impact on lake rsources. This informa-
tion will be used to develop strategies for industrial and agri-
cultural development in the lake region and the rest of the Nile
valley in Egypt. It is important to note that this project will
not only generate the above needed information, but it will also
guarantee the involvement of policy and decision makers in Egypt.
This is done by incorporating key ministries in the project plan
of operation (e.g., Ministry of Irrigation and Agriculture and
Aswan Regional Planning) and assuring their participation in all
relevant activities.

In order to achieve the above stated goals we aim to:

a) strengthen and integrate research resources in
Egypt into multidisciplinary water resources
problem-solving teams, and

b) utilize these teams in developing information and
comprehensive methodologies that will aid resource
planners and decision makers in perceiving, recog-
nizing, defining, and solving River Nile resource
problems.

OVERVIEW OF PROJECT ACTIVITIES

This study was founded on two basic assumptions:

1) The Aswan High Dam has been both beneficial and disrup-
tive to social, economic, and environmental health con-
ditions in Egypt.

2) t'lanning and control of the beneficial and disruptive
effects of the Aswan High Dam are both rational and
essential.

This project constitutes a unique case study, the first of
its kind, which encompasses both a man-made lake and its river
basin. A schematic categorization of variables is shown in
Figures 4, 5, and 6.

A schematic diagram of project components is shown in Figure
7. The arrows in this figure indicate the direction of flow of
information.

In view of the comprehensive nature of this study and the
sheer magnitude of work to be accomplished, it was planned to
rely on the collaboration of various government agencies and re-
search institutes in Egypt.
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Figure 4: CONCEPTUAL ASSESSMENT MODEL
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ASWAN HtIGH DAM

1. RESERVOIR + 2. RIVER FLOW + 3. HYDROELECTRIC
MAN MADE LAKE REGULATIO3 POWER

B. PRODUCT ORIEN'TED DEVELOP.E:T

i. WATER STORAGE 2. LAKE RESOURCES 3. ELECTRIFICATIO.
a. Increase Agricultural a. Lake Shore PROGRAMS

Production Development 4. INDUSTRIAL
b. Land Reclamation b. Fishery
c. Flood Control C. Recreation DEVELOPMENT
d; River Navigation d. Navigation

C. ECOLOGICAL A-ND ENVIRO ;:ZTAL I.:PACTS

1. CHANGES IN RIVER 2. -CHANGES IN RIVER 3. BANK ERROSION
WATER QUALITY ECOSYSIEM RIVER
a. Dissolved Organics a. Benthbs
b. Suspended fmatter b. Plankton 4. COASTAL ERROSIO: -
C. Plankton C. Hydrophytes SEA

d. Fishes 5. WATER TABLE - DELTA

6. MICROCLII.ATE -AS.'

D. IMPACTS ON' RIVER USE

1. WATER SUPPLY 3. NAVIGATION 5. IRRIGATION

2. IMPACT OI WASTE 4. prrREATION 6. DRAINAGEDISCHARGE
7. FISHERY

1. P B I E L HE. HUI.W IMPLICATIONS

I. PBLICHEALH 2.SOCIO[CO:.IC 3.. AGRICULTURE

a. Water born a. Human Displace- a. Pro.>ction:
Diseases ment Types & Quantiti-:

b. Environmental b. Hluman Settlement b. Lack of silt I"
Health C. Human M igration use of chemical

d. Changes in fertilizers
Agricultural C. Land Recl,:ati cn
Practices d. Drainage, 'ater

e. Industrial Logging and
Develoomentn Sali niz-ti.

V-42



Z
4 

I0 ,

1
 
0
 

1~U
C

c
o

 
V-4 

0 
W

4
4
 
w
4
 

Q
 O

 W
 4 

0 
V

4

0
4
 
0
 

0
.4

-tu

:3
0

rH
r

4 
-4 

0 
r4 

~
4

go 
$m

.4 
r4-4 

V
-

4
1
0
 

m
 
w
 

4) 
(U

 
u 

" 
0

>
 
u
 

0w
 

m
 w

 
0 00 

0
.
k
 

A
q40a(J

6 0 
w
 
w
 

4
 

m
 

0 
m

 -440 
C

r0

A
A

 
U

O
 

U
Y

 
%

D
f- 

n' 
L

 
O

 
4e

04 
0z 

0

O
H

 H-
6.0 

0 
Z

C
a
 

-
0

~-

-rii

03W

~4 0
m

 
0

.4 
In-H

 
l

* 
9%

 
"%

 =

W
 

C
 

401

I- 
1 C

 
I

V
-43v-



)V

L
u
 

-i

cc 
C

.-j

43 
0- 

a 
W

.. 
z-J 

.

A
.. 

aj 
z
 

o~ 
c

=' 
.5

c
 

a,- m
c 

m
c' 

'c

II

4~
 

A
I~

-



A
 
b

I 
0

00 
0

A
 

A
0

c
0
 gm

 
'

cl 
0 

U
o

c0

-A
 

0o 
.

1. 0 I OC
 

n 
1

41 
.4

, 
4

.4%
4.4

.C
7

1
0
 .

.- 
V

 
t4 

.
4 

5 
0 

is

60a 
a
5
 

u
5
4
0
 

E
u 

qe

W
 

61

.4.40 
.

9

004.

* ill*- * 
~V

-45



This study is based on the following six main research func-

tions:

1) Nile Information Center and Data Bank

2) Training

3) Lake Studies

4) River Studies

5) Human Implications

a) Public Health Implications

b) Agricultural Implications

c) Socioeconomic Implications

6) Policy and Decision Analysis

A brief statement on the nature of work for the above re-
search functions is given below.

1) Nile Information Center

This entails the development of a central sorce of informa-tion and referral services on the River Nile in Egypt. A uniquedata bank, utilizing Cairo University computer center is beingdeveloped. This will be capable of storage and retrieval of var-ious types of information on the River Nile and Lake Nasser,
e.g., hydrology, water quality, multipurpose river use, and rele-
vant public health and socioeconomic information.

2) Training

An inherent part of this project is to train Egyptian scien-tists and engineers. This is done by means of a series of short
training courses conducted by U.S. and Egyptian specialists. Ex-
amples of the training courses are as follows:

a) Water Quality and Treatment Technology (June,
1975)

b) WaLer Quality Surveillance and Monitoring
(December, 1975)

c) Water Resources Management (December, 1977)

d) Mathematical Modeling of Aquatic Ecosystems
(December, 1976)

Programmed instruction and videotaped sessions in color are
being used for individualized, on-site training.
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3) Lake Studies

Studies on Lake Nasser include the following subprojects:

a) Lake Geomorphology

Lake Nasser will experience significant geo-
morphological changes as a result of the hugh
amount of silt being deposited in the southern
portion of the lake. The objectives of this sub-
project are to (1) develop morphological maps of
the current lake bed and lake shoreline area, (2)
predict the effects of sedimentation and erosion
on future lake and shoreline morphology, and (3)
produce a sequence of maps of present and future
lake and shoreline morphology.

b) Lake Hydrology

This includes the establishment of a water
budget model for Lake Nasser. This model will
take into account the various water inputs and
outputs from the lake, e.g., evaporation and seep-
age. This model will be used for lake level fore-
casting and to predict optimum storage conditions.

c) Limnology of Lake Nasser

This is based on the assessment of pertinent
physical, chemical, and biological interactions in
Lake Nasser required for appropriate lake re-
sources development. The main points of interest
here are: (1) water circulation and stratifica-
tion; (2) aquatic chemistry, including lake sedi-
ments; (3) distribution, identification: and en
umeration of plankton, periphyton, macrophytes,
benthos, and fish; and (4) ecosystem modeling,
e.g., primary productivity and secondary produc-
tivity, food web, and fish population models.
These models will be used to predict lake eutroph-
ication, propagation of aquatic plants and fish-
ery.

d) Lakeshore Ecology

This study aims to assess shoreline ecologi-
cal transformations and their impact on lakeshore
development. This entails the assessment of: (1)
the effect of the lake, with its fluctuating
levels and ground water, on coastal zone habitat
and geological formations; (2) input of minerals,
organic matter, and nutrients to the lake (especi-
ally in the Khores) from the coastal zone and
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flood plain; and (3) impact of coastal zone devel-
opment schemes (industrial, agricultural, urbani-
zation, etc.).

4) River Studies

These studies are designed to assess current and futurechanges in the river ecosystem and their impact on river multi-purpose use. A series of river seqments, at different geographi-cal locations and representing different degrees of human exploi-tation, are under investigation. These investigations includethe assessment of segment geomorphology, hydrology, aquatic chem-istry and sediments, and aquatic flora and fauna, e.g., aquaticplants, fishery, and benthos organisms. Furthermore, pollutionstudies are being conducted on each segment, e.g., the effect ofindustrial and municipal waste discharge and agricultural drain-
age. Special emphasis is on outstanding problems, e.g., (a) tur-bidity, (b) river vegetation, (c) pesticides and herbicide resi-dues, and (d) oil and oil degradation products. This includesthe assessment of abatement technologies and the offering ofrecommendations on alternative modes of action.

Mathematical models will be developed for each segment whichwill be used for prediction of future trends and development of
multipurpose decision system analysis.

5) Human Implication Studies

This includes studies on public health, socioeconomic, andagricultural implications which can be directly or indirectly re-
lated to the Aswan High Dam.

a) Public Health Implications

These studies are concerned with both environmen-tal health and community health implications, e.g.,
water supply and water related diseases. Although this
project is not concerned with the epidemiology of such
diseases as schistosomiasis and malaria, we intend to
investigate pertinent ecological changes which may in-
fluence the propagation of the disease intermediate
vectors, e.g., snail ecology.

b) Socioeconomic Implications

The scope of these studies covers the following
implications:

(1) Population displacement and settlement, and
the flooding of archaeological sites result-
ing from land inundation and the creation of
Lake Nasser
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(2) The impact of industrial expansion in certain
regions in Egypt, e.g., Aswan, and the dis-
appearance of certain industries, e.g., sar-
dine fishery in the Mediterranean coast.

(3) Changes in agricultural practices, e.g., from
basin irrigation to perennial irrigation.

c) Agricultural Implications

The main points of concern in these studies are:

(1) Land reclamation

(2) Increase of agricultural production

(3) Elevation of water table, salinization, and
drainage problems and how to increase the ir-
rigation efficiency

6) Policy-Decision Analysis

An important function of this subproject is to guarantee the
effective involvement of user agencies and decision and policy
makers.

A Policy Decision Committee was established and met for the
first time on July 19, 1976. The objectives of this committee
have been specified as follows:

(1) Develop systems and methodologies for the collabo-
rative assessment of the impacts of the Aswan High
Dam.

(2) Assist in the formation of adequate data bases for
comprehensive, in-depth assessment.

(3) Formulate a list of priorities of impacts and con-
trol variables that can be manipulated.

(4) Suggest a timetable for the forecasting of impacts

and the implementation of control strategies.

OVERVIEW OF PROJECT ACHIEVEMENTS

Activities during the first year (1975) were primarily con-
cerned with project initiation. This included the (a) formaliza-
tion of work plans with the collaborating institutions, (b) pur-
chases of equipment, and (c) training of project personnel.
Funds from EPA and The Ford Foundation were made available in
March and August, respectively. The major bulk of equipment was
delivered in January, 1976.
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In spite of a number of difficulties, and because of the en-
thusiasm and eagerness of project personnel, a considerable
amount of effort was made in 1975. In terms of achievements,
this included the establishment of the data bank, conducting
monthly and quarterly river surveys, and performing preliminary
investigations on public health implications. In addition, lim-
ited activities on lake investigations, social aspects, and agri-
cultural implications have been reported.

In 1976, project activities became more intensified on all
fronts, and a large amount of new information was gathered in a
systematic way. In addition, a special effort was made to gather
historical information. It is important to note that the assis-
tance and advice provided by project consultants, including
Walter M. Sanders, III, Gilbert White, Kingsley Haynes, and M.
Kassas, have been most effective in gaining a reasonable momen-
tum. In certain areas of research we deliberately reduced the
rate of generation of information, e.g., quarterly surveys in-
stead of monthly river surveys in the Cairo Section. In con-
trast, in another research area efforts were made to organize and
accelerate the gathering of information, e.g., lake ecosystem
studies.

Based on the limited amount of information gathered so far,
it is possible to formulate a number of early findings based upon
a comparison between conditions before and after the construction
of the High Aswan Dam.

1) Suspended matter in the Nile water, especially in the
early fall, is primarily made of fine particulates,
which are difficult to remove by conventional water
treatment practices. This is a direct result of the
creation of Lake Nasser reservoir. During the flood
periods, the heavy fractions of suspended matter are
believed to settle in the lake. The absence of these
heavy fractions of suspended matter from the river
water makes it more difficult to treat.

2) Water quality data indicate higher organic content in
the Nile water which increased from south to north.
This is manifested by an increase in the free nitrogen
values (NH3 :NO2:NO-), especially nitrates. This can be
attributed to direct waste discharge and agricultural
drainage. The impact of this waste discharge is more
pronounced since the control of the river flow afforded
by the construction of the Aswan High Dam.

3) The creation of Lake Nasser reservoir and the control
of river flow resulted in a different distribution of
algae and diatoms in the Nile water. Certain micro-
scopic algae are difficult to remove by conventional
water treatment practices and are believed to be the
cause of taste and odor problems in the drinking water
supplies.
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4) The bacteriological water quality of the Nile water is
also different from pre-dam conditions. This is mani-
fested by a disappearance of the high bacterial counts
which used to occur during the flood period prior to
the construction of the Aswan High Dam.

5) A more visible, and a dramatic impact of the Aswan High
Dam, is the proliferation of aquatic plants in the
river and irrigation canals. The situation is rather
serious, particularly in the northern delta regions.
The river channel north of Mansoura is practically
blocked by submerged and floating aquatic weeds.

The type and distribution of these hydrophytes
have been studied by this project (Zahran, Imam, El
Sharkawy). The Ministry of Irrigation used to apply
herbicides (2,4,D) as a control measure. During 1975,
more than a million Egyptian pounds were spent for the
clearing of the canals.

During Dr. Zahran's recent visit to the USA, he
reviewed several techniques for weed control, including
new equipment for mechanical removal.

6) The riverine fish industry has suffered significantly
as a result of the Aswan High Dam. This was the result
of the disappearnace of certain species and a net de-
crease in the total commercial catch. This problem is
more prominent in the delta region than in southern
Egypt. In the Damietta branch, north of Mansoura,
about 95% of the Nile fish disappeared completely.

In addition to the above listed observations, certain earl-,
find-ngs have been reported by project workers concerned with the
public health, social, and agricultural implications.

At this stage of project development, a decision should be
made on how to collaborate with the Sudan. This should include
(a) the acquisition of information on upstream river conditions
and (b) the consideration of the implications of land reclamation
projects in the Sud region and their impacts on the lake and
river multipurpose use in Egypt. Information on river conditions
in Sudan is essential for the assessment of the effects of water
impoundment in Lake Nasser reservoir. Furthermore, it is ex-
pected that the Johgli Canal Project and land reclamation schemes
in southern Sudan will alter the Nile water quality and its habi-
tat. This will have a direct effect on Lake Nasser and the river
ecosystems in Egypt.

Furthermore, it is important to explore with the Egyptian
Government the long-term plans for this study. At the present
time, this project constitutes the only river and lake surveil-
lance and monitoring progrirm, and the only comprehensive river
basin program, in Egypt. An important question is, what are the
plans after the completion of this project in 1980?
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"The optimist proclaims that
we live in the best of all
possible worlds; and the pes-
simist fears this is true."

INTRODUCTION

Energy is the new "in-thing" at present; it is fashionable
to talk about the problems of energy development, especially
since the discovery of the "energy crisis." If we bring into the
picture the fact that obviously very serious environmental
damages have stemmed from the energy industry, and that energy
has become a symbol of our entire system of industrial develop-
mient and economic growth, we link together the three key-words of
the '70's: energy - environment - development.

The purpose of this paper is not to explore in any depth
those linkages, but, focusing on the environmental consequences
of energy systems, to provide a framework for analysis and
decision-making in an area where rational evaluation and planning
is often obscured behind amounts of unrelated and partial pieces
of information, and shaky conceptual basis.

In a first part, we will put the energy systems concept in
perspective, and relate it to development and collective choices.
Then, in a second part, we will assess the various environmental
impacts of energy systems. Finally, in a third part, we will
discuss the possibilities and means of controlling and reducing
those impacts by structural and non-structural methods, with spe-
cial attention to the relationship between the costs of the pos-
sible measures to be taken, and their objective results.

Clearly, for all environmental problems linked to industri-
alization, the issues and goals are extremely different between
developing and developed nations; the standards to be applied,
the relevant techniques and policies, the priorities, costs and
benefits: almost nothing can be held universally true. Never-
theless, it is not because information and results concerning the
relationships between energy and the environment are to be inter-
preted and translated into policies in a different way, nor that
it means the information and results are not needed; on the con-
trary, if they have to be re-discussed, re-analyzed, re-framed
into policies relevant to developing nations - and they indeed do
-then the information and results have to be all the more accur-
ate and carefully studied.

The goal of this paper is to help make a step in that direc-
tion.

NOTA: We call the energy system, the system which consists of
all the components necessary to bring a basic energy resource
from its natural state to a place and in a form in which it is
used: extraction, processing, sometimes conversion into another
form (electricity), transportation between operations, delivery
or transmission to the final users, and use.
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FIRST PART: THE ENERGY - A PERSPECTIVE VIEW

Energy is the ability to do work. It is the potential foruseful work, in storage batteries, in muscles, in coal or flowing
water. Man's use of energy was for long limited to that provided
by his muscles. Later he learned to use fire for uooking and pro-tection against the cold. Later still he captured the energy ofthe wind with sailboats and windmills. Today, we are exploiting
a broad array of energy resources based mainly on fossil fuels,
and tomorrow on nuclear fission and maybe later on solar and nu-
clear fusion energy - virtually unlimited energy sources.

But where does this energy come from? The earth's energy
balance is composed for more than 99% of solar radiation reaching
its surface - part of it being immediatel' reflected (about 35%),
part of it heating the atmosphere (about 43%), used for evapora-
tion, atmospheric and sea movements (about 20%), the remaining 1%
being used by plants to convert CO and H 0 inito carbohydrates bythe process of photosynthesis , Amulta3eously releasing oxygen
in the atmosphere. When plants decay, the process is reversed.
Over geologic periods of time, since hclf a billion years ago, a
fraction of these organisms have been buried before complete oxi-
dation; they underwent chemical changes and were transformed into
natural gas, coal, oil, lignite. The stored energy is released
by oxydation, emitting CO2 and H2 0 and beat.

The radioactive materials have been formed when the whole
solar system still was a big diffuse star, subject to intense nu-
clear activity. In nuclear plants it is the energy stored at
that time which is released.

The shift from agrarian to an industrial economy resulted invast increases in energy consumption, both for powering the in-
dustry and for mechanizing and fertilizing agriculture to in-
crease productivity. In addition, an energy-intensive transpor-
tation system ties together any highly specialized, and therefore
interdependent economy (see Table 1) (note: 1 BTU = 0.26
calories). Total world energy consumption has increased 5 times
in the last 50 years, and the rate of increase has beren increas-
ing: +2.2% per year betweFn 1925 and 1950, +4.9% between 1950and 1960, +5.5% since then. The very characteristics of "modern
living" and the technological age, namely, urbanized area devel-
opment, high productivity, industrial production, high speciali-
zation, are extremely energy-intensive processes. Actually, half
the coal burned by man has been burned in the last thirty-one
years, and half the petrol consumed has been burned in the last
thirteen years.

The relative share of Europe and North America tends to de-
cline, but there are still huge disparities in the per capital
energy consumption per year: three times more in North America
than in Europe and the USSR, ten times more than in Latin Ameri-
ca, thirty times more than in Africa and Asia (excluding Japan);
North America, with 8% of the global population consumes 37% of
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the world's energy, whereas the poorest half of the world popula-

tion consumes only 10% of the total energy produced.

TABLE 1

The Shift to Energy.Intensive Passenger Transport

Percent of total
rpassenger =Ue Average Btu's per Load

pasanger-mile fact4or

1W1960 17

'Urban
Walking ............... NA NA 300 (human energy)... I
Bicycle ............ NA NA 190 (human energy)... I
Bus ............. ...... 5.9 2.7 ,100 (diesel fuel and *-

gas oln ).............U
Automobile' ......... 89.2 94.5 8,100 (gasoline)........ '.28

Intercity
Bus.......... 4.5 2.5 2.1 1,00(dieselfueland

gasoline) ........... .45
Railroad ........ 5.6 2.8 .9 2,900 (diesel fuel) ...... .85
Automobile..... 8.8 90.1 86.6 3,400 (gasollne) ........ 1.4
Airplane ........ 2.0- 4.3 10.1 8,400 (gasoline and

jet fuel) ............ ..0

I Based on 0passenger averagecapacity for buses and 5-pessenger
capacity for asutomobiles. -

'Includes taxicabs.

Sources: Transportation Association of America. 1972. Transportation
Fade & Trend, Ninth Fdtion Washington, D.C.: T.A.A., p. 16; U.s.
Department of Transportation. July 1972. 1075 National Transporatleon
Report. Washingto,, D.C.: D.O.T., p. 189; personal communication with
Richard Strombotne. U.S. Department of Transportation; Rice,
Richard A. 1971. "Historical Perspective In Trsnsport System Deovel-
opment," in Advonced Urban Tranoporation SpVtemn. Pittsburgh, Pa.:
Transportation Research Institute, Carngle-Mellon UniverltyIp. 89;
and Ilirst Eric, and Robert Ilerendeen. January 1973. "Total Energy
Demand, for Automobiles." A paper presented before the Society of
Automotive Engineers, Inc., New York, N.Y., International Auto.
motive Engineering Conference, Detroit, Mioh. p. 3.

There is a definite positive correlation between energy con-
sumption and GNP per capita, and between the rate of increase of
these two variables. Nevertheless, the industrial structure
plays a significant role and countries like Canada, Norway,
Czechoslovakia, East Germany, Poland and Venezuela show a higher
use of energy per unit of GNP than the USA. Clearly it would be
hazardous to draw a simple causal relationship between GNP and
energy use, but there is a definite linkage.

Between 1950 and 1960, there has been a drastic shift in
energy sources; coal declining from 56 to 34%, oil and natural
gas increasing from 38 to 60%, hydroelectricity staying at 6%,
but nuclear energy's share is expected to boom from about zero to
21% of the world's energy production in 25 years from now., Let
us now focus on a few issues related to energy:

1. Energy and food production4 : there is a particularly clear
interdependency between agricultural productivity and energy use:
fertilizers, farm machinery and irrigation are highly energy-
intensive products, as well as the 'food transportation and pro-
cessing industry. For many countries though, and indeed for all
countries in the longer run, the US type of this very energy-
intensive agricultrue doesn't make any sense, when 10 calories of
energy are needed to produce 1 calorie of food output. The crit-
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ical variable in food production is precisely this energy subsidyto food output ratio, provided the protein diet is adequate.

2. Energy and international relations. There is no need toelaborate the fact that the world balance of power is drasticallyaffected by the dependence of many countries on imported oil,generally from the Middle East. The whole monetary system isthreatened by the importance of the transfers this dependencegenerates and the interdependency between political and militaryalliances, industrial and technological power and fossil fuelsupply is every day more clear. The oil embargo of November1973, which helped bring oil to a more realistic price, has beenthe first sign of the deep meaning of the basic interdependency
between the world's nations, which has shown the power of anynation upon the whole system, and therefore the responsibility ofall nations in the world's affairs.

The economic and social systems are increas.'ngly dependenton energy, and Buckminster Fuller has estimated that if we tookaway the whole industrial network of energy consuming machineryin the world, half of humanity would die of starvation within 6
months.

3. Energy and collective responsibility. Energy is certainlythe field for which the exhaustion of resources has been the mostdiscussed, which contributed to the consciousness of the funda-mental finiteness and limits of the earth's resources. Thisbrought a major technological challenge in the form of the needof alternative energy system developments. It brought too, widediscussions and criticism of highly energy-intensive societalmodels, first of all because of the dubious feasibility of theirworld-wide application (24,000 power plants of 5000 mega-wattseach would be necessary to supply electricity to the world, ifeveryone had to have the same electricity consumption rate as theUSA). Finally, it brought the notion of the environmental impactof the scale far beyond the individual, both in terms of space(world-wide pollution) and time (exhaustion of resources ornecessity of storage of nuclear wastes for thousands of years).

All of these elements are important in that while theystress the very sharp and inadmissible world inequalities inenergy consumption (50% of the world consumes 10% of the energy),they stress not less strongly the interdependence between na-tions: the responsibility for energy development for further in-crease in material welfare and a more equitable repartition - itsfar-reaching good and bad potential consequences - is really col-
lective.

We will focus now on the environment, energy systems link-ages, which we consider as one of the basic elements to assess inorder to define an energy policy which would be rational both atlocal level in terms of the development objectives of a country,and at a global level in terms of long term feasibility and via-bility; as the Council on Environmental Quality put it:
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"the conflicts between the consumption we all want and the
environmental ill effects we all wish to avoid is sharper
for energy than perhaps any other aspect of natural re-
sources use."

Precisely, energy is a natural resource (fossil fuels), an indus-
try of major importance (energy systems) and a major waste pro-
duct (heat).

SECOND PART: THE ENVIRONMENTAL IMPACT OF ENERGY SYSTEMS

We will make a review of the adverse or potentially adverse
effects due to the various energy systems, and not about the var-
ious benefits of power production.

These adverse effects concern human health, the natural en-
vironment (plants, forests, crops, fish, the atmosphere...) and
man-made structures - thus impacting upon the social, economical
and ecological systems, from very local to global scale, through
air, water and earth. Some of these effects are monetary, others
non-monetary but measurable, others non-measurable; some are di-
rect, others indirect effects, reversible or irreversible, short
term or long term. In other words, energy systems, being a very
substantial element of man's industrial activity has complex,
widespread and significant impacts at the level of society as a
whole.

1. Hydroelectric power generation systems.

The most obvious impact there is the presence of an artifi-
cial lake which can have various effects on the local climate and
more generally the whole natural-physical systems and the hydrol-
ogy of the area. In fact, their interactions are so complex and
so little understood that ecologists cannot predict those effects
with any certainty, and several unpredictable situations can
develop. Very often a dam has a role of flood regulation, but
this can adversely affect the soil quality by preventing the salt
deposits due to evaporation of irrigation water, to be annually
washeg out. This happened for example in the Kaipur area of Pak-
istan . Sometimes too, a reservoir has an impact on the amount
and flow of downstream waters which can have its nutrient compo-
sition changed, which can affect the fishlife. This has happened
with the Aswan dam in Egypt where soil salination and sardine
disapparation in the Mediterranean have become major problems.
The presence of an artificial lake has a social impact by dis-
placing populations, disrupting communication channels and taking
land of agricultural value. We have to take into account too the
increased health hazard due to the presence of a large body of
water, as has been the case for the Kariba dam in Zambia.

Finally, if we consider the total energy system of hydro7
electric production, we have the following table (Table 2.
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TABLE 2
Energy from Hydro-Potential Environmenlal Damage

Air Water Land Other
Explora"on
and
Extrcton.
Upurading
Transportation Transmission lines
UtililtUation , Micro-climate Changes in water quantity Flooding Food Chain

Evaporation (level, discharge, velocity, Submerged Land Repercussions
groundwater and losses) Loss of Animal Habitat Disease Vectors
and quality (sediments, Landslides Submerged Vegetation

- nutrients, turbidity, Earthquakes Benthos
salinity and temperature) Drawdown Zone Autwuchs

Zooplankton
Phyloplankton

2. Fossil fuel energy systems (coal, natural gas, petroleum)

By very- far they represent the largest share of energy pro-
duction (more than 93% for the whole world in 1968)'. Coal's
share is decreasing and will continue to do so, from about 34% in
1968.-to about 12% in 2000, but this still means, in absolute
terms a 50% increase. Oil, which reserves are far less important
than coal or natural gas will increase its share from 43%in 1968
to 48% in 2000, which means a production at that time 4 times the
actual one, and which will begin to decrease in relative terms at
the turn of the century. Natural gas, an abundant and clean
source will slowlY8 increase its share, with a production multi-
plied by 5 in 2000.8

2.1 Exploration, extraction and upgrading steps

Coal extraction is a notoriously dangerous occupation, where
accidents still regularly occur, and with a long term negative
impact on health, It is also a well known source of water pollu-
tion. In the US for example, 13,000 miles of streams and 145,000
acres of lakes and reservoirs have been affected by acid, mine
drainage and siltation from coal extraction. Surface Lmining de-
grades land to, a -point of 'precluding any posterior use. Mining
wastes are another problem, and;rleresent in the US almsot 40% of
the total solid waste generation.

Oil pollution occurs during accidents at the exploration and
extraction phases or during normal and accidental operations dur-
ing the transportation phase. 2.2 million metric-tons of oil go
annually in tb1 seas, 90% of which is during normal operations'.
(See Table 3) This figure is projected to be 4.5 million
annually in 25 years, and even more if off shore drilling goes on
increasing so sharply (+175% in 4 years), thus multiplying the
risks of major accidents. The main consequences of that are the
poisoning of marine life, and of the food chain process, changes
in the radioactive properties of sea-water (less evaporation),
and degradation of the coastal areas.
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I." TABLE 3

Estimate of Petroleum Ola Entering Ocean1 1969
Metric tone/Year

.. Normal Operations

Other Ships 500,000

Offshore Oil Production 100,000

Accidental Spills 100,000
Ships 100,00
Other 100,000

Refinery and Petrochemical
plant operations 300,000

Industrial and Auto Wastes
in Rivers 500,000
in,Sow-ge Outfalls 100,000
Partial Tota' 2,200,000

Natoral Seepa
-  100,000

Naturally Occurring Hydrocarbons large
In the ea
Airborne Petroleum Hydrocarbons large

Airborne Terpen a 8 large

Oil, refineries produce oil spills, air pollution by burning
some residual gases, water and earth pollution due to the chemi-
cal catalysts used in the refining process and which enter the
environment with largely unknown consequences.

2.2 Utilization step

Fossil fuel combustion is the most important source of air
pollution generation in the world. The fuel's energy can be used
directly (heating, transportation) or indirectly through the pro-
duction of electricity by power plants. The share of electric
energy is increasing rapidly, especially in the developed coun-
tries, and the world wide percentage of energy used in the foi
of electricity is expected to go from 22.4% now to 39% in 2000.

In the US, fossil fuel combustion accounts for 98% of the
SO generatioy, 80% of the CO, 60% of the hydrocarbon, and 40% of

paiticulates. The inissions characteristic for a fossil fuel
plant are: Table 4).

TABLE 4

Emmission in

Pollutant pound per KWH

Particulates .0306

so2  .0294

Nitrogen oxydes .0073

CO .00014

Hydrocarbon .000078
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Furthermore, fossil fuel combustion also contributes to environ-
mental pollutants which can be highly toxic. In the US, in 1968,
180,0025 tons of lead have been emitted in the air by automo-
biles, 16oil combustion also releases significant amounts of
vanadium and mercury.

Let us examine the economic effects of air pollution, which
as we have seen, is due roughly for 2/3 to energy systems burning
fossil fuels. These air pollutants are generally found in low
concentrations, and their effects have long been unknown, because
they develop over long periods of time. Now, several epidemio-
logical studies have clearly shown the impact of air pollution on
human health, nature and materials. In the US, it is now recog-
nized that 50% of the bronchitis cases, 25% of other respiratory
diseases and 25% of lung cancer, as well as 10% of all othef7can-
cers and cardiovascular diseases are due to air pollution. It
is considered, too, that about 4.5% of all health costs can be
attributed to air pollution. An amount of economic loss of the
same order of magnitude can be attributed to the effects on mate-
rials: paint, ainc, cement, metals, building stones, rubber,
glass, paper, are damaged. There is also a damage of vegetation
and crops. Even though much more needs to be known, we know the
economic cost of air pollutioY8 is very high. An estimate has
been done for the US (Table 5).

TABLE 5

PROPERTY - MATERIAL
HEALTH VEGETATION

Stationary Stationary
Year sources Transportation sources Transportation

1968 8.2 2.8 8.4 0.5

1985 16.7 3.9 19.0 1.2

(in billions $)

Table 5: Economic effects of energy related air emissions.

Another aspect of air pollution is the global impact. Many
scientists suspect CO and energy production contributed to the
temperature increase o2 the earth up to 1940 (CO tends to absorb
the infrared waves reflected by the surface o% the earth, and
thus "traps" more solar energy) and that this trend was overtaken
by the cooling effect of the increased particulate matter emitted
into the atmosphere, which directly reflects more and more incom-
ing solar radiation. But the question cannot be resolved yet
with much confidence. Nevertheless, it is clear that the CO of
the whole atmosphere, from 1860 to now has increased from 298ppm
to 320ppm on the average, and could reach 600ppm in 50 years.
Another global effect is the acidification by SO2 of the water
contained in the atmosphere, thus giving place to the so called
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"acid rains"/ which can have very detrimental effects on some
soils and bodies of water. This is particularly the case of
Scandinavia which receives rain of a PH sometimes around 4, due
to the SO2 production in England and the Rhur Valley.

TABLE6

Energy from Coal-Potential Environmental Damage

Air Water Land Solid Waste

Exploration Fuel combustion products Acid mine drainage Strip mining effects Underground mining waste

and Waste pile fire Leaching of waste piles Land subsidence

Extrction Erosion and silting of
watercourses

• Coal cleaning waste

Upgrading Particulates from fine Plant effluents Sulphnr

coal drying Leaching of waste piles

Waste bank fires

Transportation
Utilization Power Plant Thermal discharges Aesthetic pollution of Fly ash and slag

Carbon dioxide landscape Failure of slag iseaps

Sulphur oxides
Nitrogen oxides
Particulates

Coke oven
Particulates
Hydrogen Sulphide
Carbon Monoxide
Hydrocarbons

Energy from Oil-Potential Environmental Damage

Air Water Land Solid Waste

ploratton Fuel combustion products Drilling accidents
.,1d ,Brine disposal

Extraction

Upgrading Sulphur oxides Thermal discharge Spent phosphoric acid

Nitrogen oxides Sulphuric acid catalyst

Carbon monoxides Spent caustic Spent clay

Hydrocarbons

Transportation Power sources Oil Spills Pipeline accidents
Effect on permafrost

Utilization Emissions from internal Thermal dt charge

combustion engines Used oil disposal

Sulphur oxides
Nitrogen oxides
Particulates

- Energy from Gas-Potential Environmental Damage

Air Water Land Solid Waste

Exploration
and
Extraction

Upgglrling Pplnprbe

Transportation Nitrogen oxides at Pipeline problems

compressor stations

Utilization Thermal discharge
Nitrogen oxides
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Another major effect of energy production is the heat gener-
ation: the laws of thermodynamics tells us the process of trans-
formation of heat into useful energy - mechanical or electrical -
is necessarily a very inefficient one, and fossil fuel plants re-
ject 45 to 50% of the heat in water, and 15% in the air, using
effectively only 35 to 40%.of the initial heat. A power pant on
-the -averagereleases- 10,494--BTU/KWH "in- the environment. The
effects of thermal discharge are far from being fully understood,
and can have beneficial effects too. But in general, thermal
discharges in streams and lakes alter drastically the natural
balance of the aquatic life and can damage lakes, bays, estuaries
and rivers, especially in hot climates. Temeprature elevation
does increase the activity and toxicity of some waterborne pollu-
tants such as nitrates and phosphates, by speeding up the chemi-
cal reaction processes, increases the BOD levels by favorizing
biological activity.

TABLE 7

Environmental Impacts of 1,000.Megawaft Electric Energy Systems Operating at a 0.75 Load Factor With Low
Levels of Environmental Controls or With Generally Prevailing Controls I

Occupa-
Air emisslons Water dLscharges Solid waste Land use tional

health

System . Potential for large-scale
System- disusterS- x - x - x

HO U E U W E_ I. U .4 C

Deep-mined 383 ...... 5 7.33 ...... 3.05 8 G02 ...... 3 29.4 3 4.00 8.77 Sudden subsidence In urban

Coal areas, mine accidents

Surface-mined 383 ...... 5 40,5 ...... 3.05 5 3,267 8 34.8 6 2.64 3.09 Landslides

Onshore 158.4 3 .99 ...... 3.05 3 NA ...... 1 20.7 2 .35 3.61 Massive spill on land from
blowout or pipeline rupture

OffshorO 188.4 a 6.07 ..... 35. 4 N . .. 1 17.8 1 .35 3.61 blassive spill on water from
Oil blowout or pipelne rupture

Imports 70.6 2 2.52. . 05 4 N. 1 17.4 1 .00 .69 MasSIve oil spill from tanker
accident

Naturalgas 24.1 ...... 1 .81 ..... 3.05 2 ............. 0 20.8 2 .20 1.99 Pipelineexplosion

Nuclear ....... 489 1 21.3 2.68 8.20 3 2,6.-0 1.4 4 19.1 2 ,15 .27 Core meltdown, radiological
health accidents

N A - No t available.
r•ity rating key: 6-ssrlous, 4-significant, 3-moderate, 2=small, I - negligible, 0-none.

£ S,:e the Appendix for details.

Finally, let us mention the aesthetically damaging and land
intensive aspects of overhead electric transmission lines. In
the US for example, the total land occupied by the 300,000 miles
of lines is almost as vast as the state of Massachusetts. There
are also the oil and gas pipelines, covering more than 1 million
miles in the US only, with risks of breakage, explosion, and
seepage.
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Tqle 6 shows a summary of the effects for all fossil
fuels, per step, and Table 7 shows, for electric power plants
using coal, gas any oil, the impact per environmental medium
(land, air, water). A qualitative estimate of the severity of
each impact is provided on a 0-5 scale, to facilitate the read-
ing.

Appendix A22 shows these impacts broken down per step or
element of the energy system and per medium of transmission.

3. Nuclear power plants

Nuclear power is now on its way to replace fossil fuels
little by little and its share of total energy supply will go
from about nothing in 1970 to about 21% in 2000, or about 52% of
the total electricity production, which means the pre~ynce of
some 3,200 large nuclear power plants around the world. There
has been, and still is, an intense debate over the safety and
envircflmental impact of nuclear power plants, with three impor-
tant issues not yet definitively settled down:

- the possibility of an accident with catastrophic conse-
quences, or sabotage and stealing of fissible material.

- the question of storage of highly dangerous material in
substantial quantities for 6 to 10 centuries.

- the problem of maintaining very high competence and strict
observation of standards of safety when thousands of nuclear
plants will be operating.

The most probable kind of very grave accident would be a
sudden loss of primary coolant water through the plugging of a
cooling duct or pipe of a primary coolant system and resultant
melt down of the fuel rods which would be followed then by a
transfer of a substantial fraction of radioactive material into
the environment causing the loss of several hundred lives and
permanent contamination of an area of about 30 square miles.
According to the Chairman of the Atomic Energy CommissiR, such
an event has 10 chances to occur per reactor per year, which
means a probability similar to the one of an e [al number of per-
son being killed by a meteorite (see Table 8).

But it is suspected the limit concentration for plutonium
not ging dangerous might have been underestimated b, ; hugh fac-
tor, thus increasing the damage caused by an accident. Fur-
thermore, the study sibstantiating the results about the proba-
bility of accidents, a 2 year study which cost about $3 mil-
lion, has been cri cally discussed by some scientists, including
official agencies. Concerning sabotage and irrational conduct,
the question is: how many controls are enough? David Rose con-
tends tha "illegal use is the most worrisome and least resolved
hazard."
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TABLE 8
I0,
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1 ---~

I. , '~

CL
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a.~

10 0 10.0C

N (fatalities)

Chart adapted from AEC report compares
the probabil;ty of accidents in nuclear
plants with natural and other man-made
disasters.

The nuclear waste disposal problem is another critical ques-
tion. The wastes fall into two categories: the fission pro-
ducts, which are dangerous for about 7 centuries, and the acti-
nides (mainly Plutonium) which must be stored about 10,000 cen-
turies. This second category can be eliminated either by keeping
it in the reactor itself, or by using it as a fuel in the next
generation of nuclear plants, which will need it. But the fis-
sion products, anyway, must be transported (with risks of acci-
dents) and stored for centuries. As a 1000 Mw plant generates
about 30 tonj 0 of such waste annually, one sees the problem is
considerable, and during each operation, small quantities of
radioactive material are released into the environment, with
quite unknown long term consequences.

Finally, nuclear power plants, operating at lower tempera-
tures than fossil fuel plants, discharge into the environment, as

V-66



waste hej, 70% of their total produced heat, or about 10,977 BTU
per KWH, which poses with even more acuity the problem of heat-
ing rivers and lakes.

* But, provided that nuclear power plants do not generate al-
most any air or water pollutant, that the probability of accident

--is very -smal1, the probability- of-sabotage-uncomputable ' -as well
as the probability of radioactive materials storage leaks, it has
been computed that they are by very r less dangerous for the
health than coal-burning power plants.

Table 9 shows a summary of health effects of a nuclear power
plant of 1000 Mw, in termi, of injuries and fatalities for each
step of the energy system.

TABLE 9
"-- I Summary of health effects of civilian nuclear power, per 1000 Mw(c) plant-year [-:f

Fatalities

Activity Accidents Radiation. InjuriesAciiyAcdns related Ttl (asof
(not radiation- (cancers and Total (days of)

related genetic)

Uranium mining and milling .0.173 0.001 0.174 330.5

Fuel processing and reprocessing 0.048 0.040 0.088 5.6

Design and manufacture of reac- 0.040 0.040 24.4
tors, instruments, and so on

Reactor operation and maintenance 0.037 0.107 0.144 158

Waste disposal 0.0003- 0.0003
Transport of nuclear fuel 0.036 0.010 0.046

Totals 0.334 0.158 0.492 518

Table 10 gives a description of those effects.
34

TABLE 10
-- .- Energy from Nuclear Fuels-Potential Environmr;ntal

Damage

Air Water Land Solid Waste Radiation

Exploration Waste banks leaching Strip mining effects Underground Exposure to miners
and Uranium mine water mining wastes
Extraction

Upgrading Particulate emission Waste banks leaching Ore dressing waste Exposure to plant
workers

Transportation Transmission lines Possible accidents

Utilization Radiation fallout Thermal discharge Waste disposal from Exposure during
fuel processing plants generation and

disposal of waste
Possible accidents

And Table 1135 shows the details of the impact, per step and
per transmitting medium.
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TABLE 11
Annual Environmental Impacts of a Light Water Reactor Nuclear Electricity System Associated With a 1,000-Megawatt
Powerplant With a Load Fact of 0.75 and With Generally Prevailing Controls

Impact Extraction I Processing I Transport Conversion Transmission Total

Land4 Aeres '785 4 9. 12 0 130D 17, 188 18,300

Tons 320,400 442.9 0 Isis 0 21, 2M
Water Curies '1.9 42,348 0 1332 0 2,682

Btu's 3 all '3X10", 0 $4.9OXlO 0 5.29X1011

Air Tons . .nil 46,192 lto 0 0 6,192

Curies '69,9 ' 3. 49XI0' 0 It1.40X106 0 4.89X10'
Solld or stored wste Tons 262XIOB '88 0 "0 0, 2.62X01

Curies '1.125 13 1.4XI0 0 "31,800 0 I.XI0'

Deaths "eog Ta.0e 48.002 1.013 NA .153

Occupational health Injuries 183.43 "I.86 16.045 11.31 NA 8.3?

Workdays lost "1208 1634,1 142.7 Is 25.6 NA 270.4

NA -Not available, mental I.pod Assessment: Supplemental Information'to the Quad Cut" n enla mn orat a d n a nrrnental Report nd suppemnts prepared for Commonwealthpnlod es blot a nd eoets of Edison Company. CoeunnluV ; , io: Battelle, US. Atomic: Energyproesin g inla uddes facpor o dfcton electric Power consumed. Conmlasion. 96. Quad Cities Safety Analysis Report. Washington3 P sing I ald eas e anaoeme n, enrichment, fabrication, re. D.C.; A.E.C.. Volume 11, Section 9, Radioactive Waste Sysng, nd astemangemet.,Includes Impacts of coal-fired cc- testimony of James M. Smith, General Electric Co., before the IlihnoistriciY production for the enriclunent process. P'olluation Control Board. Ma.ly 24, 1911, PCB 71-20.,Developed from U.S. Atonmic Energy Commission. D oreciorate f 'Sea Table A-10, note pp.Licensing, Fuels and Materials. November 1972. E.nrironmenta Suney o f f Based on 47.0 oomiles oftrucking. Enrironmental Surrny oft Nucearthe an lear Fuel Cack., Washington, D.C.: A.E.C., Table. A-1 and U-1. Fuel Cycl, op. cit., Table It-I, p. 11-3; and U.. Environmental Pro-Ten Percent iolids Is assumed. octioe Agency Office of Air Prpms. February 1972. Compleion ofIbid., Tables C-.. D-1, E-1 F-I, pp. C, C-4, D-3, D4, E-2, 1e I M P TIs-23..0-3. 0-9, 0-10,0O-17. 0-18., i oltn 6sso atr.1 sigo .. oenetPit'EeTie Ored he P t e ien andTecnoal, ima cg Office, Table 3-2.$ Executif n fym Surrey of the Audear Fuel Cycle. op. c e.,p. F-5,Energy Poli1y Staff. 19%8 Cbsatderaflons Affecting &(41". Powrer Plant ba5sed on data in Oak Ridge National Laboratory. July 1071. ing ofSite &edkno,. WashIngton, D.C.: Government Printing Office, 1. Note Fuel Reprocessing Plai~s and $11noet.114anagcinnt Falltf eA (ORNL-4451).that acreage is lasd primarily on nuclear reactor excluion arcs rather Oak Ridge, Tenn.: o.R.N.L.than on facility site. 12 Considered as part of waste management. See note 4.4 See Table A-2, note. & "see note 11.ISee Table A-2, note It. ifThe gross radioactivity of all surfshce burial of radioactive wastes forI .Derived from data li Tennessee Val, Authority. Say l9l. Draft nuclear powerplants In 1970 was 101565 curies, calculated snIng noEm uranmengal Statent for Walls Bar IV.tear chlani, L'niti I and 2. escae of radioactive materials to t e water or air environment. i u r d.Knoxville, Tenn.: T.V.A.; U.S. Atomic Energy Commission., usheNreo, erplants generated 21.8rbillionkilowatt-hoursinlgl7. FederalFinal Sefety Analysis Report, Donale C. Cok Nuclear Plant Indiana Power Commission. 1972. Annua Roport-W7l. Washington, D.C.an Mhtf Eecri omaa WshngonD.. AE..,~Jlue , Govermnent Prinleng Office p .1.;'I
'fAtoic ers ao.Nvme 5 ~ Is U.S. Atomic Enerly eoinsmlaslon. December 1972. The Safety ofWsshi1'd2ngtit , .C. U... Volum I pedx1A .. Aoi Washington, D.C.: A.E.C., pp. 6-25. 6-26. Workdays lost per stage ae

EuegyCom~sin. Noebrti17.muaosetlReotfrQa aed on the nonfatal accident rates and total workdays lost for the
and 50-63; BateleColunbusa Lrtre. Nvme 91 nio. " note 18.

TH IRD PART: CONTROL OF ENE RGY SYSTEMS' ENVIRONMENTAL IMPACTS

To reduce the enviromental impact of energy systems, there
are three types of Possible directions, complementary in space,
and time:

-to use less energy, or rather, to reduce the projected
consumption levels rate of increase

-to reduce the environmental impact per BTU produced by in-
put modification, technological improvements or various re-
sidual control devices; in short -amelioration of the
existing systems.
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- to introduce totally new technologies for producing

energy.

We will successively discuss these three types of strategies.

1. Energy conservation

In a very short term, a crisis period for example, it is
possible to decrease the energy consumption by some form of
rationing of energy distribution. This cannot be considered as a
general strategy for the long term, and we will discuss here the
ways in which pricing, taxation and regulatory measures can bring
an overall more efficient use of energy through technological
improvements, changing patterns of the firms' and consumers'
behavior, and evolution of the life style in the long run.

A simple idea which is often argued for is to price energy
at its real, social cost; that is, including all external costs
borne by society, due to environmental impact. To the actual
cost we would add: the dollar cost of pc.llution related ill-
nesses in terms of medical and loss of work costs, loss of com-
mercial fishing resources due to thermal pollution, loss of rec-
reational land and wa~gr, cost of relocating housing and industry
due to air pollution.

12 [ On petroleum TABLE 12
products

12 On all fuels

8 e

6

4 ,.,.,

0i a

o k-1 . . .. .

0- 8,000. 14,000. 20,000
8,000 14,000 20,000 +over

After-tax income (1972' dollars)
Increases in cost of living due to

energy taxes by income class.

But an "across the board" price increase would be very in-
efficient though, because the social cost of energy depends on
its form, its time of demand and other factors, and one could
imagine a taxation of petroleum products only, because, in the
long run, they are the most scarce resources and most environmen-
tally dangerous, or tax peak-hours use of energy. This new pric-
ing policy should be designed carefully to 3.e efficient, and to
be equitable because as shown in Table 12, a tax on energy is
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very regressive. The interest of such policy is that, coupled
with appropriate regulations, incentives, national research pro-
grams, it will bring the technological changes, evolution of con-sumers' behavior and life pattern which will increase the effic-
iency of use of energy.

Let us discuss more in detail some of those changes.

1.1 Energy conservation by increased thermal performance of
structure.

Space heating can need 20 to 30% less energy with adequateinsulation of buildings, new standards for air conditioning andventilation. Furthermore, municipal waste could be burned inpower plant boilers along with coal, further reducing fossil
fuels requirements for space heating.

1.2 Thermal effectiveness of industrial processes. 38

It has been computed that a very substantial fraction of theamount used in the industry can be saved by applying the alreadydeveloped conservation techniques of industrial processes. Fur-thermore, heat transfer and combustion techniques, waste heatmanagement devices, vacuum insulation principles have beenapplied to improve equipment design, and new methods for the sys-tematic use of waste heat in plants can yield further energy sav-ings. Actually, the major industrial sectors have all achieved ageneral decline in energy used per unit of output over the last
decade in the US.

1.3 Effective use of energy in transportation.

As we have seen in Table 1, enormous differences exist inthe energy effectiveness of different transportation modes, from22 passengers-mile per gallon in a plane, to 200 in a train. Re-cently, the general shift to the individual automobile has de-creased the efficiency of use of transportation and it is urgentto develop mass transit systems, which would probably in turnfavor more dense construction patterns of cities and suburbs,
which have been proved jre energy efficient than low density
housing. (See Table 13.)

This long term type of evolution is an element of what canbe called the adaptation of man's life pattern to the needs ofenergy conservation. Mass transit needs a lot more research and
capital investment over the next years.

1.4 Efficient electric power generation.

Over the past 25 years, efficiency in electricity generation
has increased by more than 30%, to reach 38 to 40% in modernpower plants, and, for the next decade or two, the prospects forsignificant improvements in overall efficiency of steam electricpower plants are not good, because the materials capable of hand-
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ling higher temperature and pressure have not yet been developed.
The most promising approaches lie in changes like advanced power
cycles (coal gasification with a gas turbine, steam, turbine
power plant), magneto hydrodynamics (direct conversion of heat
into electricity) and breeder nuclear reactor.

TABLE 13

Community Cost Analysis
Annual Energy Consumption

500 -

400

0

; 200

Low 0e'sJ Comnbinatmn H dens,y
srawl mix planned

Tables 14a, b, and c4 0 show that total system efficiency for
coal, oil and nuclear electricity generating plants is between 15
to 35% of the theoretical energy potential, and it hasIbeen
argued electricity was an inefficient way of using energy. In
fact, direct fuel use would be done by small units which are very
difficult to control in terms of pollution and energy efficiency.
Furthermore, energy distribution being more efficient in the case
of electricity, on total it is not clear that electric power geJ
eration and distribution is a wasteful form of energy use.

On total, the rate of growth of energy demand can easily be
reduced, provided that, on the whole, there will still be a
growth, unless the very basis of our technological society
changes. Table 15 4shows the short-term possible actions for
energy conservation, and Appendix B shows the details of ta
efficiency of various energy systems producing electric energy.

2. Direct reduction of the environmental impact.

2.1 Extraction, processing and transportation stages.

About coal mining, there are obvious improvements to be made
for miners' safety and appropriate working conditions. In the
case of strip mining, regulations can specify the state in which
the stripped land must be left, which can be quite costly in
capital and water resources. For oil extraction, further studies
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need to be done, to assess the exact leaks of oil dangers of
underwater drilling. Concerning the transportation of oil, some
international agreements should provide better possibilities of
controlling- oil-tankers ' operations--in the-high,-sea.when-they:was---
their tanks. A legislation on the maximum authorized size of
tankers could be thought of too, because no one knows what would
happen if a tanker with 500,000 tons of crude oil sank near a
coastal area. Ways of improving pipe-line transmission and elec-
tric distributionlines design and siting (including new technol-
ogies like cryonnic transmission lines, or underground lines)
are under study.

TABLE 14a

Component Efficlencies of Coal-Fired Electricity Systems
(In percent]

Extraction Sse
Processing Transport Conversion Trans. ystem

missionDeep Surfa" Deep Surface

Resource recovered' ........................... '57 180 '92.1 499 .18 191.2 18.0 25.3
EoergyInput% ................................. s . ".8 i1.1 11.9 0 0 ....................
Component not efcency".................... 56.2 79.2 92.0 98.1 88 91.2 17.8 24.0

I System efficiency is the output energy of the last component divided thermal units per kilowatt-hour, equivalent to a 38 percent converilonby the total energy Input to the system, ncluding external energy. efficiency. The beet plants have achieved around 8,530 to 8,900 whereas3 Percent of energy value of coal energy entering each component the national average is around 10 500. Federal Power Comnssion. 1972.which remains after that component. The 1970 Notional Power Survey. Part1. Washington, D.C.: GovernmentI Lowrie, Raymond L. 1968. Recover Percenta"e of Bituminous Coal Printing Omce, pp. 1-5-6, 1-5-7.Deposits In the United States. Part I. Underground Mins. Washington, I Power sold divided by power produced, 1960. Federal Power Commls-D.C.! U.S. Department of the Interior Bureau of Mlnes, p. 1. 1 sion. 1072. Annual Report-l971. Washington, D.C.: Government Print-' Averftt, Paul. 1970. Sripping C Resources of the United Mates- Ing Office, pp. 11, 13.Joanuary 1 1970. U.S. Department of the Interior, Geological Survey I Expressed as percent of energy content of the coal (or electricity)Bulletin 1i22. Washington. D.C.: Government Printing Office. pp. 7-8. entering each stage. Based on 11,630 British thermal units per pound ofI Total IMraw cost production and percent age of raw col wet cleaned, coal. the 1969 average for coal burned at powerplants. National Coaldry (pneumatically) cleaned, and unprocesserd are shown in Figure A-I, Association. 172. Steam.Electric Plant Factors, 1#71 Edition. Washington,U.S. Department of the Interior, Bureau of Mines. 1971. Minerals Year. 1)C.: N.C.A., p. 107.book-1969. Waslington, D.C.: Government Printing Offiee, pp. 3M0, Data supplied by InterTechnology Corporation, Warrenton, Va.347, 348. Total raw coal production includes processing plant wastes.'rocesstng removes approximately 12 percent of the British thermal unit Assumes all coal is shipped by ral for an average of300 miles. Actualvalue of the coal based on Leonard Joseph W. and David R. Mitchell, 165 average distance is 237 m lei. National Coal Association. 1970.eds. 1968. Cool reporation. New York: Amnerfcan Institute of Mbining, lituinous Coal Foci -1970. Washington, D.C.: N.C.A., p. 0i.1Two.Metallurgical and Petroleum Engineers, p. 5-32. hundred ton-miies of cargo movement recjuires approximately 1 gallonS'Approximately I percent of the coal is blown away during transport of fuci with an energy content of 130,000 Hr tish thermal units per gallon.unls It is writ, d. Deison, Jerome K., and Richard J. Frankel. April 111" tichard A. "System Energy as a Factor In Considering Future1972. "Residual blanagement in the Coal-Energy Industry." benu. Trnortation." A p resented at the American Society of Meclan.
script to be published by Resources for the Future, Inc. IWshington, tcst Engineers WinterAnual Meeting, November 29-Decenber 3,1970.D.C.:R .F.F., p. IV-45. U Component net eilciency-(% resource recovered)-(% energyA large new powerplant is assumed to have a heat rate of 9,000 British Input).
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TABLE 14b

Component Efficiencies of Oil-Fired Electricity Systems f(In percent]

* Extraction Tramport
*,Process- ... . - Conver- Trans-- -

lng ,' ion missionI
On- Off- On- Off- Import On- Off. Import

4 0
shore shore shore shore shore shore

Resourcerecovered' .......... '30 440 '97.8 '99.9 '99.9 lag 138 191.2 10.2 1.5 34.6

Ezery input I .................. 10.5 11.2 "10 . 11.8 1"1.8 "2.1 0 0 ......................

Component net efficiencyI ...... 219 39.8 37.8 98.1 98.1 97.8 3b 91.2 9.8 12.9 33.9

'To determine the impacts of refineries attributable to residual oil pro- tanker. Barges lose approximately 0.028 percent or their oil In discharge3,

ducton for electricity geeratlon, a model is des-eloped ofa refinery complex leaks, and spills: tankers lose 0.i1 percent, Porricelli, Joseph D., Keith-

consisting of topping and cracking stages and producing at the same per- Virgil F.. and Richard L. Storch. "Tankers and the Ecology." Trans

centage as tile national average for oil products. adions. Vol. 79 , 1971. pp. 170, 172, 175. It should be noted that oil as a

I Ste Table A-I, note I. source of energy for transport Is considered an encrgy Input rather than

: Percent of energy value of oil energy entering each component which a resource loss.
remins after that component. I See Table A-1, note 7.

+ Approxninte perventages of known oil deposits which are considered I See Table A-I, note 8.
reeor:-rrble. Nalonal Petroleum Ccuicll. 1972. An Initial Appraisal b I Expresed as percent of energy content of the oil (or electricity) enter-
the Oil Supply Task Group. 1971-1983. Washington, D.C.: Ing each stage, ased o unt per 42-gallon

Note also that there Is a resource loss of about 0.019 percent associated bargelofcru ol, 6.287mBs ldon British thermalunltsper b 42relofresdual

with incomplete separation of oil aid brine and with spills, baed on brine fuel oil Petrolum Foai, ad Flure-1971 Bdtlon, op. ciu.i p. 89.

production of 2.7 barrel% brine per barrel of crude oil. N ational Petrolem f D. t role d s a n lo gy Corpration, . rci t. , ps.

Council. 1972. Environmental Conserrtfon: The Oil and Gas Indastries. 1u Data supplied by InterTecnrlogy Corporation, Warrenton, Va.

Volume Two. Washington, D.C.; N.P.C.. p. 147. Also based on 0.005 per- Pmpintlg energy Is 0.5 percent of energy output.

cent oil content in the hrinp, the Federal regulation applying to offshore 11 Mineral idustry Surreys: Crude Petroleum, Petroleum Products, and

driulir.r U.S. Departmet of the Interior, Bureau of Land Management. ,eturoi-Oaa-LiyuIds: 1970 (Final Summary), op. cit., Table 19.

19,72. Final Envrironmental Statement-Proposed 197f Outer Cbnnntal i For prereflncry transport-0.23 percent (domestic only), Ibid.; and

Shelf Oil and Gas General I.eae Sale, Offshore Eostein Louislana. Wash. energy Input required for pipeline transport Is approximately 450 British

iuigtc,:. D.C.: D.O.I.. pp. 132-34. thermal units per ton-mile, Hirst. Eric. 1972. Energy Consump tio for

'Tr.ls refinery produces the following mix: residual fuel oil at 0.0000 Transportation in the U.S. Oak Ridge, Tenn.: Oak Ridge National

barrel per barrelInput and other products, 0.9705 barrel per barrel input. Laboratory, p. 5. An average length of movement of200 miles Is assumed.

U.S. Department of the Interior, Bureau of Mines. December 1971. For postrefnnery transport-l.58 percent (domestic)' fuel oil consumption

.tfrnerl Industry Surreys: Crude Petroleum, Petroleum Products, and ton-niies. for a one-way trip. Rice, Richard A. "System Energy and

Natur l.Gai.-L uIds: 1070 (Final Summary). Pittsburgh: i).O.I., B.O.M. Future Transportation." Technology Revew. January 1972, p. 32. Fuel

Tabe 14 All inputs and environmental impacts are then weighted oil ronsum iport) by a 50,000-tor

by the British thermal unit values of the end products. In terms of tanker i3 taken at I gallon per 8.0 ton-miles. Ths i a

British thermal unit values, residual fuel oil represents 6.05 percent of estimates: nue (920) from Ibid.. obtained bydoubling the fuel consuniptiu

production. Ibid, British thermal unit values are taken frain American rate of a 100,00-ton tanker, tie other (770) froi Cbinpiatfaa of Air Pat

Petroleum Institute, 1971. Petroleum Facts and Figures-19. Edition, luant Emissien Fartors, op. cit.. is. 3-11, by lising tie highest fuel cots-

Washington, D.C,: A.P.I., I). IS9. ln terms of volume, therefore 0 OM suniption rate in tie range given and assitmint a 50,0-ton tanker. One-

barrels of crude input Is uttrilbuted to Iroduction or O.,0so barresof re- way trips of 1,000,ie-es for domestic oil and 2,000 nIles for imported oil

sidu l fuel oil, a90.2 percent reovery. In term of British thermal unit are assumed; fuel consuznltiit is then donlhled to account for the return

value, however, this is a 97.8 percent recovery. tril. Conversion factorsdre 0 50barrels per toil tarcrude (averagebetween

I Fo rereflnery transport (domestic), assunl al oil Is transported by toreig and domestic); .04 barrels per tol for residual fuel oil. eertium
pip '~e'4. Apprnximately O0)0, percent of tile oil transported is lost in

.ni Enrrontental Cansermtin: The Oil and Gas Industries. Volule Facts and Figares-1071 Edition, op. cit., P. 5M.

p. p. 1 2M. For postteflnery transport (domestio and imported), n Comolient nit eflleny(% resource rccovered)-(" energy
it Is Miumea that all domestic oil Is shipped by barge, all Imports by input).

TABLE 14c

Component Efficiencies of a Light Water Reactor Nuclear Electricity System
[In percent]

Extraction Processing Transport Conversion Transmission SystemI

Resource recovered ............................... 95.0 302.2 4100.0 '31.0 '01.2 16.7

Energy input .................................... 1,4 '5.2 0 0 0
Component net efficiency ......................... 94.0 57.0 100.0 31.0 01.2 18.3

I See Table A-I, note 1. 4 Based on 47,000 inils of trucking. Ibid., Table It-I, p. 11-3. At5 miles

2 Extraction Includes miling and milling. Mining recovery Is assumed to per Fgallon, the consumption is 9,400 gallons, or 221 barrels, capable of pro-

be 100 percent. Milling recovers 95 percent of the resource. U.S. Senate, due ingles, than 160 thousand kilowatt.hours.
Committee on Interior and Insular Affairs. 1972. Conservation of Energy. I A 31 percent powerplant elinclency Is assumed. Federal'Powr Coen-

Serial No. 92-18. Washington, D.C.: Government Printing Oflice, 1p. 2.s Inisslou. 1071, The 1970 ,atlonal Power Surey. Part I. Washingtor, D.C.:
I Processing Includes conversion, eurichmelit fabrication, and repro- Government Printing Office, ). 1-1-23.

cesing. Resource loss in conversion is based on kerr-Mcgcee data as con- I See Table A-I, noto 8.
veyed to the Council bly Seymour Smiley, U.S. Atomic Enery Cont. I Energy input Is front U.S. Atomic Energy Commissloll, l)lrrctorate

mission. Enrichment fabrication, and reprocessng losses Illi e'ergy of Licels.ig, Fuels slid Materials. 1972. E nironmental Surrey of the -
Inputs are determine,I tran Conrration ofEnergy, op. ct., p. S-0. Energy clear Fuel Cycle. Washlinglon, D.C.: A. E.C., pp. A-3, 1-3.

inputs are from Ibid., pp. C-3, D-3, E-2, F-2,

V-73



TABLE 15

Some Selected Policy Options In Energy-Environment
Conservation

Policy Options 
Impact Public Implementation
Environmental Economic Social- Political Acceptability PossibilityMore emphasis on mass transit High Medium High Medium Medium-Imrprove ande-expand service 

toReduce fares or no fares 
High

'- Iprove arterial msa transit
otier feeder services, Le., dial-a-bus
xclusive bus lanes

Provide fringe parking
-Controlled entry to downtown cores
-Make parking expensive In downtown cores
.Pedestrians only oriented clusters
-Develop better and more convenient forms of mass transitimprove'; -tcity passenger and freight services Medium Medium Low Medium Medium-mprove and efpand service and network to to to to-Provide fringe parking High High High High-Ban 4ubsidy on short flights by long flightsI Encourage r 

contal
nerization and piggy-backing

'Develop new and better passenger and freight handling systems
Improve transportation efficiency High High Medium Medium Medium4 -lmprove automobile efficiency, I.e., better engines and drive trains, low
loss tires,'improved engIne tuning

-improve urban design
-Selective registration taxes on size, power, ancillary aequipmentattachments
-Develop energy efficiency standards for transportation
.Encourage research to develop non-petroleum engines, advanced
Spropulsion systems, advanced traffic control systems. etc.Improve Insulation of buildings to reduce heat loss in winter High Medium Medium Medium Mediumand hut gain In summer

-Make Impro'ved and increased insulation mandatory under CMHC regulations
-Make narngements for better caulking and double glazing windows
-Reduce excessive window areas-Provide tax incentives for adding insulation
Inreasse energy prices to reduce demand and achieve better High Low Medium Low Medium

"Initiateinvarse rate structure
-Ensure 'normal' investment return
:Bonow money for capital Investment at the market rateInclude environmental end social costs in the price of energy
Impose taxes and regulations
hift he-vy load to off-peak hours Medium Low Medium Low Low
Restructure rates

'Ban or restrict heavy use of energy during peak hoursrovide centralized and efficient heating and air conditioning High Low Medium High Mediumyatem to serve a number of buildings
nmit energy which can be consumed by each household and Medium Low Low Low LowWmmercial building annually

stablish minimum efficiencies for air-conditioners, furnaces Medium Medium Medium High Highn;dother appliances M du ihHg
steblish more rational lighting standards for homes and offices Medium Medium Medium High Highncresse recycling and reuse of materials end products High MediLm Medium Very High Highrovide economic incentive to upgrade inefficient processes Medium Medium Medium Mediumnd-equipment.
mpose fuel and/or energy tax to generate revenue for research Very High Medium High Low (tax Mediumo'duvelop environmentally clean sources of energy, and to 

Incease)prove efficiencies In generation and utilization of energy 
Very High (R&D)ievelop'public information and education program to promote. High Low High Very High High

ff liant utilization of energy

2.2 Utilization stage

At this stage, where the most important environmental impactoccurs, there are basically two ways to proceed: clear up theinput fuel or treat and remove the wastes at the output.
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2.2.1 Treatment of input fuel

Petroleum has a very wide range of sulfur content and a very
simple way to reduce SO emissions is to use low sulfur oil. But
fuel oil with less tha3 0.3% sulfur costs 35% more than with 2%
sulfur, and 20% more than with 1% sulfur. For coal, the problem
is the same, and low sulfur coal is in increasingly short supply,
with increasing costs. An important new perspective could be the
gasification of coal which would provide a full desulfurization
in the process and, provided that technology of electricity gen-
erating systems is adapted (combined cycle gas turbine), would
allow too, higher thermal efficiency. But is iill too early to
assess the real competitivity of such systems. The other pol-
lutants cannot economically be handled so far by input treatment.

2.2.2 Treatment of emissions. (Mainly for electricity gener-
ating plants)

Particulate emissions can be controlled by cyclones (devices
which force the gas stream in a circular motion, trapping partic-
ulates by gravity force), filtration methods, electrostatic pre-
cipitators which can remove up to 99% of the total amount but
which are quite energy consuming (5% of the capacity of the power
plant), and scrubbers, the most thoroughly studied system, which
can control SO2 as well (injection of lime into the boiler, .hich
absorbs SO , and the reacted material is removed in a wet
scrubber o removed by reacting to form calcium sulfates in a
scrubbing towe6). Several variants of the scrubber process have
been studied, but on the whole, as the National Academy of
Engineering said, "commercially proven technology for contl of
sulfur oxides from combustion processes does not exist." No
system is realw superior to the others, for particulate removal
(see Table 16) nor for gaseous pollutants control.

The average increase in electricity costs to consumers is
expected to be about 3 to 6%, due to SO and particulate removal.
For nitrogen oxides control, very litte is known and scrubbing
methods do remove them along with sulfur oxides.

For dissipating waste heat, the best known process is simply
to withdraw water from a lake, stream or river, pass it through
the condenser and return it heated to the source. One can too,
dissipate the heat in the air using wet cooling towers which
evaporate water into the atmosphere, or dry cooling towers which
reject warm air. Both systems are expensive, are hugh unaesthe-
tic structures and in both cases the meterological effects of
cooling the air are unknown. Another solution is to develop
beneficial uses for this waste heat.

2.2.3 Land use considerations. (for power plants)

An important parameter in the minimization of environmental
impact is the one of location. At macro level, it is the ques-
tion of the distance of the plant to the load center and to its
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fuel inputs, and the trade-offs in costs and environmental impact
which are implied. At micro level, it is the choice of a site
within the chosen area, according to meteorological, topographi-
cal, geological and existing land use elements.

TABLE 16

ADVANTAGES AND DISADVANTAGES
OF PARTICULATE CONTROL DEVICES

Device Advantages Disadvantages

Cyclones - Low Initial Cost - Power Requirements May
- Simplicity of Con- Increase Over Time

struction and Opera- - Relatively Low Maximum
tion Efficiency

- Applicability Over - Inability to Remove
Broad Range of Tem- Small Particles
peratures

Filters - High Efficiency at All - High Maintenance Cost
Loads (bags) - Require Highly Con-

trolled Operating Con-
ditions

- Large Space Requirement

Electrostatic - Low Operating Cost and - Require Highly Con-
Precipitators Power Requirements trolled Operating Con-

- High Efficiency ditions
- Can Operate at High - High Initial and Main-
Temp. tenance Costs

- Large Space Requirement

Scrubbers - May be Used as Cool- - High Initial Cost
ing Devices - High Operating Cost and

- By-product Recovery Power Requirements
Possible - Subject to Operating

- Removal of Both Gas- Problems
eous Pollutants and - Large Volume of Sludge
Particulates Possible is Produced

- High Efficiency
- Applicability for Wide

Range of Operating
Parameter

2.2.4 Possible results and costs (for power plants)

Various cost evaluations have been made which of course
would have to be adapted to other countries, give at least g
order of magnitude of the costs which are implied. Table 17
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shows that for coal and oil plants cost increases would be of 30
to 35%, 70 to 80% for air pollution removal, and a 5% cost in-
crease for nuclear and natural gas plants (because natural gas is
already a clear fuel and nuclear plants major problems cannot be
addressed with end-of-the-pipe devices.

TABLE 17

Cost of Controls and Changes in Environmental Impacts of 1,000Megawatt Electric Energy Systems Operating at a U.73

Load Factor With a High Level of Environmental ControlsI
[In percent]

Air Water I Land Solid waste Total
s cost

System Tonnage Cost Tonnage Cost Acreage Cost Tonnage Increase I

change Increase change increase change4 increase change

Deep-mined -81.3 23 -98.2 4 +1 0 +159

Coal -
31

Surfae-mJned -81.1 23 -92.4 4 -37 4 +29 31

Onshore -73.0 11 -39.8 0 0 0 36

Oil Offshore -73.0 31 -38.8 5 0 0 0 38

Imports -39.4 28 -77.2 8 0 0 0 3A

Natural gas 0 0 0 6 0 0 0 5

Nuclear T -29.3 1 0 4 0 0 0 5

I See the Appendix for details. J Tile total percentage cost Increase may differ from the sum ot Ihm ,rtr1. i

I Costs of cooling lower construction and operation are considered with percentage cost Increases because of rouL Iding.

water controls. In the case of oil-ired systems, price increaes for desulluried oil l re

Solid waste costs are Included In air and water pollution controls. the primary cost effect.

4 Land Impacts are reduced by reclamation but are increased for solid I Radioactive emisslons from the nuclear system arc rcduced by coritrAs

waste disposal. at the powerplant.

The details of the 5alculus and pollution control devices
ar given in Appendix C, which breaks down the figures. Table
18 gives the costs per step for the energy system: generation
(table 18a), transmission (18b), distribution (18c), right of way
(18d), and for anti-pollution device or element (18e).

3. New energy systems

There are many techniques under development for exploiting
new energy resources, improving the efficiency of use of those
already developed, and for reducing the environmental impact.
Those which seem to offer the greatest promises for the short
term include tapping geothermal energy and oil shale, gasifying
coal and developing several advanced nuclear power systems. Long
term promising technologies are nuclear fusion and solar energy,
which hold promise of significantly freeing us from reliance on
earth's limited fossil and nuclear fuel resources and whose en-
vironmental impact may be substantially less than alternative
technologies.

Geothermal steam or superheated water is produced when the
earth's heat energy is transferred to surface waters. When the
pressure and temperature are adequate, the steam may be used in
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TABLE 18a

'*. Increased Generating Costs Due to Environmental Control Expendi-
tures

Cost per kw
Steam electric generation Fossils Nuclcarb

-........ dollars -----

1. Tall stack 4.00 2.00
2. S0 2 removal, minus credit 8.00 -
3. Advanced electrostatic precipitator 2.00 -
4. Wet cooling -, wer, induced draft 4.00 6.00
5. Wet cooling tower, natural draft 5.50 8.25
6. Dry cooling tower, minus credit 18.00 27.00
7. Noise suppression 0.50 -
8. Monitoring devices 0.50 0.50
9. Improved architectural design and landscaping 3.00 4.00

10. Intake and discharge structures, improved design 3.00 4.00
11. General improved design standards 2.00 8.00

(----mills/kwh ----
12. Higher-cost fuelc (0.510

10.864 -

1.125
13. Operating cost of monitoring devices 0.012 0.020
14. Increased research 0.050 0.050

NOTE: These costs apply to both new and old plants.

a 1,300 mw unit size.
bl,100 mw unit size.
C

TABLE 18b

.. Summary of hcreascd lectri' Power 'ar:stsmis~iott Costs, Rllcliig
Ittvlrv:it timcnlj Contritl Lxpesidi ttte

End of dccade
1970-1980 1980-1990 1990-2000

I. Inncitmeni cc-st, new. no allowance for
envnlonmental costs (S/kw) 68.00 53.30 45.50

2. Investment cost, welghted new and old, no
allowance for environmental costs ($/kw) 74.00 65.20 57.80

3. Fnvlonmental colt to modify old equipment
UA/kw) 10.00 10.00 10.00

4. Environmental cost component of new
equipment ($/kw) 7.80 8.00 8.53

$. Sum of lines 2, 3. and 4 91.80 83.20 76.33
6. Incremental cost (line 5 minus $80) ($/kw) 11.80 3.20 -3.67
7. Annual incremental capital charge (line 6 at
15%) (S/kw) 1.77 0.48 -0.55

9 Total incremental cost (millr/kwh) 0.331 0.090 -0.103
NOTES: These calculations apply to a system having a 1970 peak of 10,000 mw and a

net utility plant (original cost minus deprecrt~ion reserve) or $325/kw of maximum demand,
Anid cnnsisting of thc following costs: generation, $140; transmission. $80; distribution, $85;
muscelancous, $20.

These judgments and calculations of the author are based in part on the following as-
sumptions and considerations, each of which telales to the corresponding line in the table.

(I) New investment cost shown in line I declines by approximately 33 percent every 20
eats due to technological improvement (including higher voltages).
(2) Demand doubles in the first decade, increases 75 petrcit in the second decade, andIncreases 60 percent in the third decade.
(3) Modification of old plant, shown in line 3, is based on the following estimated costs:

SI.33/kw/year in fust decade
$0.55/kw/yea in second decade
$0.46/kw/year in third decade

(4) Environmentl cost of new equipment, shown in line 4, assumes the foUowing incre-
ments to new equipncnt costs:

20 percent in flst decade
35 p.rcent in second decade
50 percent in third decade

(6) Calculated as the difference from new investment cost in 1970.
(8) Based on 5,350 hours per year. Note that the figures in this line reflect the com-

bined effect of changes in pow.r costs arising from environmental factors, on the one hand,
offset to a limited extent by assumed technological improvements-hence reduced real
,oitl-in transnission, on the other.
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TABLE 18c

Summary of Increased Electric Power Distribution Costs, Reflecting
-EnVironmental Control Expenditures

End of decade
1970-1980 1980-1990 1990-2000

1. Investment cost, new, no allowance for
environmental costs ($/kw) 79.05 73.52 68.37

2. Investment cost, weighted new and old, no
allowance for environmental costs ($Ikw) 82.03 78.50 74.50

3. Environmental cost to modify old equipment
($/kw) 10.00 10.00 10.00

4. Environmental cost component of new
equipment ($1kw) 13.84 14.20 14.10

S5. Sum of lines 2, 3, and 4 105.87 102.70 98.60
6. Incremental cost (line 5 minus $85) ($kw) 20.87 17.70 13.60
7. Annudl incremental capital charge

(line 6 at 15%) ($/kw) 3.13 2.65 2.04
8. Total Incremental cost (mils/kwh) 0.585 0.495 0.381

NOTES: System characteristics are described in note to table 4a.
These judgments and calculations of the author are based in part on the following as.sumptions and considerations, each of which relates to the corresponding line in the table.
(1) New investment cost shown in line I declines by 7 percent every 10 years due to

technological improvements (including higher distribution voltages).
(2) Demand doubles in the first decade, increases 75 percent in the second decade, and

Inbeases 60 percent in the third decade.
(3) Modification of old plant, shown in line 3, Is based on the following estimated costs:

$1.33/kw/year in first decade
$0.551kw/year In second decade
$0.46/kw/year In third decade

(4) Environmental cost of new equipment, shown in line 4, assumes following Incre-
ments to new equipment costs:

35 percent in first decade
45 percent In second decade
55 percent in third decade

(6) Calculated as the difference from new Investment cost in 1970.
(8) Based on 5,350 hours per year. Note that the figures in this line reflect the com-

bined effect of changes in power costs arising from environmental factors, on the one hand,
offset to a limited extent by assumed technological Improvements-hence reduced real
costs-in distribution, on the other.

TABLE 18d
." Summary of Increased Costs of Rights-of-Way and Public Information

due to Environmental Control Expenditures
End of decade

1970-1980 1980-1990 1990-2000
Incremental costs (mills/kwh) for:

1. Rights-of-way 0.017 0.017 0.017
2. Public Information 0.020 0.020 0.020

Total 0.037 0.037 0.037
NOTES: The distinguishing characteristics of rights-of-way and public information com-

ponents of electricity costs should be noted: a rights-of-way cost can be amortized over a
period of, years, while a public information charge cannot be amortized and has to be
charged off in the year It Is made.

Data on system characteristics, capital charge, and load factor appear in Table 4a.
These judgmcnts and calculations of the author arebased In part on the following as-

sumptions and considerations, each of which relates to the corrcsponding line in the table.
(1) The calculation for the first decadal Interval is based on a total system rights-of-way

cost of $9 million per year, which reduces to an average of $0.60/kw/year or 0.017 mills/kwh.
ThC estimates for the succeeding two decades were computed so as to equalize costs with
the first decade.

(2) Based on a system public information cost during the first decade of $1.5 million
per year, which reduces to $0.10/kw/year or 0.020 mills/kwh. Succeeding decades esti-
mated as in line 1.
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TABLE 18e

Summary of Total Increases in the Cost of Electric Power, Reflecting
Environmental Control Expenditures

(mills/kwh)

End of decade

1970-1980 1980-1990 1990-2000

1. Generation:
Fossil fueled 0.791 1.249 1.547
Nuclear fueled 0.218 0.419 0.461

2. Transmission 0.331 0.090 -0.103
3. Distribution 0.585 0.495 0.381
4. Miscellaneous (rights-of-way and public

information) 0.037 0.037 0.037
Subtotal 1.962 2.290 2.323

5. Factor of Ignorance (25 percent) 0.491 0.573 0.581
Total of above 2.453 2.863 2.904
Total (rounded) 2.50 2.90 3.00

turbines for conversion of electricity. Exploitable sites have
been developed in Japan, Italy, Iceland, New Zealand, and other
places, but generally this energy resource is not economic. Few
surveys of geothermical resources have been made so that it is
impossible to assess the real potential of this new source. But
it is probable that the environmental impact would be signifi-
cant, since noxious gases are discharged with the water, which
too is very loaded in salts: the temperature not being very
high, the system would not be very efficient, and a large amount
of waste heat would be discharged. Exploitation of thermal
energy of the terrestrial magna is a longer term possibility
which feasibility is still unpredictable.

Oil shale containing more than 25 gallons of petroleum per
ton of shale do exist in many parts of the world in huge amounts,
and the technological framework considered applicable to commer-
cial oil shale applications using surface mining techniques, is
accurately developed. The problem is that very large surfaces of
land would be disrupted, and large amounts of solid resigial gen-
erated, with significant discharges of hydrogen sulfide. Large
amounts of water would be needed for shale oil upgrading.

In the nuclear area, there are too, potential developments,
and in particular the Liquid Metal Fast Breeder Reactor (LMFBR)
which is given top priority in research, and may become available
for commercial application in the late 1980's. The specific fea-
ture of these reactors is that they produce more nuclear fuel
than they consume, and are able to use 60% of the total energy of
Uranium as opposed to 2% for the actual reactors, thus drastical-
ly diminishing the fuel needs. They will produce less waste
heat, less radioactivity in the air, no (or almost no) Uranium
mining and enrichment, but they will oblige the shipment, hand-
ling and management of fission products of much greater radioac-
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tivity, produced in ever increasing quintities, remaining highly
dangerous practically forever (plutonium). Despite the potential
problems, the LMFBR holds promise as a relatively clean source of
energy with a fuel supply that would last for centuries.

A longer term possibility is the controlled thermo nuclear
fusion: under extreme condition the nuclei of deuterium can fuse
to make a heavier element releasing enormous quantitites of ener-
gy which can then be converted in an almost infinite source of
energy, since deuterium can be extracted at low cost from the
sea. But the temperature needed for fusion is more than 100 mil-
lion degrees, and the fusion has to be contained somehow in a
magnetic field which would be used to convert the energy into
electricity directly too. The technological and economic prob-
lems are great, a demonstration fusion power system might be
built before the end of the century. The translation in an eco-
nomical system would require many more billions of dollars and
years of effort.

It has been quite long since it is known how to power an en-
gine by solar energy or heat water. But it remains to show that
the solar heat collecting devices are economic, and the geograph-
ical location is always a crucial factor. Solar cell converting
solar energy directly into electricity need to be ameliorated to
have better efficiency and be built at relatively low cost.
Owing to the highly unfavorable economics of the solar cell pro-
duced electricity, it is quite unlikely that solar energy will
become anything else than a support energy for individual or very
local purposes for many years.

CONCLUSION

The attainment of a sensible trade-off between energy growth
and the environment is seriously hampered at present at the ener-
gy stage of analysis and decision making by ignorance. By lack
of knowledge of the effects of various discharges in land, air
and water, by the relative unavailability of economic methodolo-
gies to determine the value society puts on incremental improve-
ments or worsening of environmental parameters due to different
levels of pollution or to determine how regulations to curb pol-
lution would affect prices, employment or location of different
industries. We might take decisions which may creat& irrevers-
ible environmental damages or sacrifice acceptable development
due to unreasonable or unnecessary environmental regulations.

But the problem is not only one for technicians, scientists,
economists or administrators. It is ultimately a question of
finding out what the people want and if what they want is feas-
ible within technological, economic, and administrative limits.
And the ultimate answer can only be found in the political arena.

Finally, we can recall the UN Stockholm Conference on the
human environmet (1972) which declared that "it is essential to
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consider multiple choices in the planning and management of any
energy economy" and adopted the following recommendation: "each
nation should set up a national energy board to corodinate energy
developments and utilization policies, staffed with highly quali-
fied personnel, icnluding some in the discipline relating to theadverse environmental effects of energy" that would already be,
if implemented, a serious reason for hoping once again the genius
of man will make him find his way to much higher degrees of human
development.
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L~APENIX A

Annual Environmental Impacts of Uncontrolled Coal.Fired Electricity Systems Associated With afl,bOO-Megawatt Powerplant
With a Load Factor of 0.75

Impction Pfocf slng Transport I Conversion Tns. Ttal
mission Deep Surfaco

La d I A c re s ' , 1 2 0 4 , 1 0 1 1 6 t , Z 2 1 8 , 6 9 6 8 1 7 , 1 8 8 2 , 3 7 3 .1
Tons o2,601 o 14,820 Io 3,8tM 0 11813 0 7Water 

7•,327 417,18

Btu.a 0 0 0 0 "3.05X013 0 3.08Xl0n 80,Xl0U
Air Tons "3NA " NA '44,714 1126,270 i b32l217 0 883,201 883,201Solid waste Tons 197,141 "272,000 "44,002 0 10,800 0 02.033 8t ,68,892

Deaths "1.67 *0.308 "0.0238 22.80 "0.012 NA 4.00 2.64
Oecupatlonso INjures 18 1"8 1. "2.6 u23.4 "1.88 NA 112.8health _ 1.8_A_12341.2

Workdayslost I'f12,088 "499 "109.8 "2,840 312.9 NA 15, 20 3,001
NA-Not available. 

S Based on estimated land ight-of.way of4 million acres. U.S. Depart.meat otthe literlor nd U.S. Department of Agriculture. 1970. Envirro,.IImpacts of coal transport are based on coal transport exclusively by mental tinrfor Elctri. Tranmiton System . 1 7as 0 ington, D.C.:rall for an average distance of 300 mile,. See Table A-I. note 11. Annual ment riti Oftic T is acete s in , b .C.3coal transport for a 1,0(0-MWe powerplant Is 0.10 percent of the total 1970 Government i i lng Offce, p. lec This acroaie is multiplied by .0030:national ton.mlleage. Transporttion Association of America. July 10"2 the share of total 1070 U.S. electricity production represented by a 000Tns n rtfation Ftos and rendss, Ninth Edition. Walington, D.C • 115O plant. Federal Power Commsion. 1072. Annuol Report-97j.
..... 8. 

" Washington l. C . Government Printing Office p I1
TAA. p.8. Sa ex 8Compnrson o( aggregated flgures here is deceptive, because they'AU and mpacts a e prsed as a time average of the amounit of land mot fai
in use over 30 years. Fixe land use is therefore taken as Its full amount; cosistosat e rde min area

edan cnist m~l !ai /or deep finjg and siltatlous for surface mining.average variable use is 15 times the annual Incremental damage. Disaggregated figures, In tons, are:'Annual incremental land Impact is 608 acres, Including 607 acres Del r ceafected by subsidence slid Isti than 1 acre for storage of solid wastes. Suit SurfaceThe ubs lnce rate Is 0.1 acre per 50 tons produced. fnelson, Jerome K. Suiftric acid........................ 129 160and Richard J. Frankel. April 1072."Residuals Management In the Dissolved Iron............ ........... 532 42Coal.-Energy Industry., Manuscript to be published by Resources for Silt .................................. 0 35,612the Future, Inc. Washington, D.C.: R.F.F..p. I1-2a. The land disturbedstorage of underground mining wastes Is based on a land Use rate o These figures are based on an Increnent of 20000 tons of sulfuric acid!zv waof waste per acre of waste bank. McNay, Lewis N. 19171. Coal ado600ollso isle rnfo -ea' .ca rdcinwt
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Bureau of igie. Washington, D.C.: Government Printing Office, pp. 1,  
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Relaed to Surface Aining. Serial No. 9.-10. Washlington, D.C.: Govern- 0. Sltaton as estimated at30 tons per acre per 0 1car for 1 yearsnient Printin Ofc 2..at 

n asetmtda3.tosprarpe eror1yas
'FiedlanJus Oise0 rnd anul U.S.. Department of tie Interlor, Geological Survey. 1970. Influencg ofacFredlanes Incremental land use is 5.4 acres. Strip Mining on the Hydrologic Enrironment of Parts of Bearer ce

For fixed land use, ioi aumed that one rocessing plant is required for Ialia, Kentucky -, 19-6. Professional Paper 427-C,Washington, D.C.:every nillion tons of raw coal processed. BNasd eo data In U.S. Depart. Government Printing Office, p. C2. Calculation based on 308 acres perment of the Dnterenr, Bureau of brines. 1071. Minerals Yearbook-OP. million tons of surface-mlned coal. See note 4.Washington, D.C.: Governu ent Printing Office, p. 347. Each processing _0°The discharge of blackwater solids front current plants is used as theplant is assumed to occupy 40 acres. See notes 3 and 18 for a dcussou of basis for the "uncontrolled" plant because settling ponds are commonthe acreage affected b so wastes. practice; discharges would be about 280 times greater were there noS Total ralroad trac-in 19M0 was35,o00 miles. U.S. Bureau of the Cen. control measures. Calculated from ai estimate of 1068 nationwide dis.sus. 171. Statistical Abstract of the Unied St a es: 1971. Washin ton, D.C.: charges of 100,000 tons. Delson and Frankel, o cit., p. 11-9. The fraction(lovem ent Printing OfIe, p. 5.. A right-of.way of 50 feet is assuned. of coal mllied in 1918 that is used In a l 0-t%1 l le plaInt is based on FigureTotal land utilized Is thei plied, by .0010. See note I, A-I andinerals Yearboo-1969, op. cit., p. 300. Siltation from procesingI thcenlulnt ,s0 for an storae plants wi fly ash controls Is 1,050 waste bailk is taken to be 42 tons per acre per year for 15 years, base
acres, nlu i ent0 for a.' storage and 40 for, coal storee,, . Executive oil data it Influences o Strip lising on the Hydrologic Enrironment ofi o t e President, Office of Science and Technology, Energ, Polcy arts of, Beaver Creek lsip, Kentucky, 1955-60. op. cit., p. C1. There iStaff, 108.Considertmon t Affecing Stam Power "Plant Sit'. deian some acid drainage, but It Is believed to be mrn.A smaller. See slote 5 forWinto D.C.: Government Printing Offce, pp. 11, 14. Land re. acreage data..... n _ ts€or a n uncontrolled 1,000-111'e owerdc lant are siilar except It Although reliable data are not available, the following preliminaryc d ash storage acreegesnare reduced by factors of 3 and 15, re . estimates were derived fron Aynsley, Eric, alid Meryl . Jackon.
pectively see note 10 for the level of ash control. stay 1071. "Industrial Waste Studies: Steam Generating Plants."
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~j9. APPENDIX-A

Unpuhished draft prepared for the U.S. Environmental Protection the average for 1060, from Prinelotta, Frank T'. Cortrol of Sulfur Oxide

Agency, Water QuaUty Office, Research Triangle Park, N.C., p. 67, Pollutioni from Power Plants." Paper prepared for tile American Public

Note that suspended solids from ash are assumed to be controlled to Power Association Engineering and 0p rations Workshop, March 14,

over 99 percent, and dissolved solids from ash ponds are not included. 1972
, Re!earch Trlar gfi;ar9ri. NC.: U.S. Environniental Protection

Water disnarges, in tons, are: Agency, Control Systems Division. Air emissions from the powerplat,
dichrgsIn tons, are:

Suspended solids: Ash....................................... 14
Suspended olids: Other ......... ................ 411 Particulates............................... 203,.2

Non'legraabie organifs.........................58 Sulfur oxides.............................. 124.50
ond organs ....................................... I Carbon monoxide ............................... ,210

Bc. ........................................................
38

Aid ............................................... . 68 Hydrocarbons .................................. . 31

Alka .. .................................... Nitrogen oxides ....................... ...........

Chlnne.... ............ ..................... 22 Aldehydes ....................................... 6

PhosphAtes ................................................... 25
Boron ........................................................ 205 Total..................................................3 2,217

Chrowsates ................................................... 2 e
-- An insignificant amount (equivalent to aptro. mately 2.2 cries) of

Total ....................................................... 813 radioactivity Is emitted annually from a t,000-MWe coal-fired plant, This
figure was derived from Martin, James E., E larvard Ernest D.. aird

Based upon a werpla efficiency" of 38 percent, 62 percent of tle eDonaid T. Oakley. 10M. "Comparison o .Rad.oactivIty from. Fossil

British thermal units Input Is rejected heat. Of this, one-sixth is rejected Fuel ard Nuclear Powr inrts. Washington, ).C.: U.S. Department
with the stack gases. Delon ad Frankel, op. cit, p, 11-13. _ of ealth, Education, and Welfare.

i Burning underground or surface coal seams have undetermined air IT About 90 percent of the overburden front surface mIning is redeposited

enl mions. 1.,tr pollution data front fuels needed to power minuig eluIp. on the site. Tils portio is excluded from the total. Nationwide estimates

ment are not available (new mining equipment often runs on electrcity for solid wastes from 1066 coal production are 12.8 million tons for deep

rather than fossil fuels). nidng and 210 million tons of overburden wastes from surface mining.
II Jr em ssions consist of coal dust front dry processing and from U.S. Department of the Interior. 1070. "Environmental Effects of Under-

thermal drying of some wet processed coal. Emisslonsfrom cunentplants ground Mining and Mineral Processing." Unpublished report. Washing-

are used as the basis for an "uncoutrolled" plant because cyclone dust ton, D.C.: DO.1., pp. 124, 126. Production figures for 1066 are from

rollectors are common practicean d pay for themselves hit coal reclaimed. .llinerals Yesrbook-1969, op. cit., pp. 30,, 371.
Drlson and Frankel, op. Cit., p. [V-40. Calculated front estimate of I'8 " Of the extracted coal, 65.9 percent Is processed, and 23 percent of

emissions of 1 million tons, al most entirely from thermal drying, Ibid., that, or 459,"57 tons, is waste. ibid., p. 347. Of thIs, 401 tons is blackwater
p. 11-0., times fraction of coal used in that year by a 1,00-31We power. solids and 4,714 is airborne, leaving 451,00J2 tons as solid waste. See notes

plant. 10 and It.
A significant quantIty of air pollution occurs front the uncontrolled 11 In note 16 It was estimated that 10 percent of the coal burned, 254.000

burir of coal waste banks. These are estimated below but are not Ili. tons, Is ash, 203,200 tons of which Is emitted to the air as fly ash. The

cluded ni the total because It is assumed that new processing plants would remainder Is olwild dte a

not have this problem. Nationwide emissions In 168 are estimrted Ili N1The following 1970'death and Injury cis were provided to the

U.S. Department of lealth, Education, and Welfare, National Air Council by Mary McNair U.S. Department of tire interior, ureau of

Pc!ution Control Administration. 1970. Voatioiniride lnrventory of etir Mines. 011cc of Technical Support, based upon Moyer, Forrest T., ed.

Pf.flhrtant Emissions J968. \Vasitington, D.C.: Government Printing 1071. lnJury Experence and Illorkilme In the .tllnera lIndustrics, 1909-I7O.

':flce. These emissions ire multiplied by the fraction of 190 coal produc- ,asington D.C U.S. Departinent of the Interior, Bureau of lines.

lion represented by a 1 MWe plant. .11inurals Yearbookl-tli9, op. cit., For deep mines, there were 0.65 fatalities and 25.07 nonfatal injuries per

p. 300. Air pollution front burning waste banks related to a 1, 000.MIe ntllon tois mined ard 55 workdays lost per injury. For surface mine,

electrical plant, in tons, are: there were 0.12 fatalities, 5.40 nonfatal injuries, arid 3G workdays lost perCarbon.....................................0,5"
Carbon~~~~~~~~ ~ ~ ~ ~ ~ 'ooll.................. 650 11 lie death rate for processing operation .s Is 0.0147 per million Wis

Particulates ......................... ...... 2,180 and the In ury rate is 1,584 per wirhion tons. Each Itjury averages 78.0
Sulfur oxides ................................. 3,270 workdays lost Ibid. p. ?J. Coal production sttitis from atinierals
11ydrocairbons ................................ , 0 Yeba-Isd op. Cit., 1i. 30..
Nitrogen oxides ................... .. ...... ...... 1,(Y00 2Nainlriod death and injury statistics ire front U.S. Bureau of

- - the( Ceenss 1971. Stalls ticatraf.b t althe United Statrs: 1971. Washington,
Total .............................................. .1, 170 D.C.: Governmoln t I'rittirg Oillie; ,i, .10.. It PInqsurned tflat the averao

injury leads to a tos of ll1 workdays. It hould lie noted that most rail-

:5 Air emissions (570 tons) based on railroad consumption of diese roau ulcnatlis occur tit grade crosligs. An, additional najor component of

fuel at the rate of 1 fallon per 2-A3 toil-riles assuing 1360AJ liritlsil deaths is trespassers. 'ersonl cominunication witl tho National Safety

thermal units per galion, Rice. R. A. "Systemn Energy as a Factor it Conill, Also see Tabtle A-I, note-., I

Considering Future Transportation." A paper presented at the Arnericrla IJ Ol 4tead. Ieonerd M. "17th Aunual Steans Station Cost Survey." :

Society of Mechanical Engineers witer annual meeting, Novenlier 2,J. Electrical iWord. November 1 1971. p. 40 based onl 0.113 men per MNWe.

December 3, 1970. Also assumiug a 300-mile average movement of coal by Injury data are front National Safety Coilocli. 1071. Accident Fads-1a71
rdI and all coal for the 1,000-M11e powerplant nt by ral,. Uncortroliled Editi,,n. Chicago: N.S.C., p. 35. One.-half i :,, Cnnmbined ,deatis aid per.
emlssiorrsare basedon data front U.S. Ervironnerital Protection Agency, rlenet injuries tire anoirned to ie futnd Injuries. Permnnct total La-
Onilce of Air Programs. 1072. Compilation of Air Pollutant Emission billes are considered to represent 6,000 workdays lost, and ouler

Factors. Washington, D.C.: Government Printing Office, p. 3-7. Specific disabilities are estimated as 100 days lost. .

emissions, In tons, itclude: 24 P1'eurnoCordos s workdays last are attributed solely to comp.lleate i

pnn'ieumoconloli cases as deteridned by roentgenograplic flltgs in

Carbon mronoxide .............. ......................... 135 M0I field examinutions. These cases are assumed to cost 6,000 work tys

Particulates .................................................. 48 each, Iased upon the average rnunler of years cact m1iner lied worked,

Sulfur oxides ................................................. 125 vrevalence dat nro converted into estimated incidence rates. Jairihart,

Hydrocaroi s ...................................... 06 W.S., Doyle, If. N., Enterline; P. E., lHerchel. A., and M. A. Kendrick.

Nitrogen oxde ........................................... 145 1,. Pneuinoconlosls In App laian Jituiiois C6al,.iner. Section
Adehydes............... ................................... IV. "Prevalence of Respiratory ymtos i wo Applacianl Com-

Orcarncacis.~. 13 mrritis." incinnati: U.S. iioep)irtmnilt of Hlealthr, Edtucation, aird... Organic nefdi ....... ......... ...... ... ....................... 13 mul it es." I inai U.. Polaimns OI Iatll :u~lto~~ ,

Total------------------------------------ - lre, Publc health Service, Iureau of Occulationa t ari
........................... .570 Iealth. In ilsruna before tre Subcomrnitte on Labr othe Comitecol

W.abor and Public ielfare, United States Senate, Nincty-Second Congress,
In addition, 25,700 tois of coal is blown away during transport. See Fitand S.econd ssialno,on S.1,, S.Wash, jn.9gt.on172. Wuslilnt ,
Table A-I, note 6, . ).C.: M Goverirncnt Printing Office, pp. 482,480. lirCuirrce rates are 3.47

E.o... or. ae r AiPll t.o Simple cases per 1,000 man-years; 1.60 corirlicatled cases per 1.000 .slH-

F Em sin factors are iromp Compilatio of yie Pollutant 1.:masrin yeas; and 2.14 suspect cases per 1,001.) .nlan-years. Productivity per

Factors, op, Cit.. p. 1-3. Tile)- rpply i i n en ral" i ulverdzed-fted lurnaice workday data are frorn .Mlnerals 'rarlook-,. o). cit., p. 332. These

of over ID) tll ur Biritist thernri units per iour withrout control erriI." data tire based on coal shipnments, reflecting cleaning losses, ard are
* ?nent. Ast cortlent Is estimated at 10 percent. Sinih, W. S., and C. W. modified according to Tale A-I. Twl-urndred wtotkdays per nr.ar!)r

.iier. J-.0, .limilphleri nk,/uiulaonla m Cra Cobnlatel--..In ll11, retlnalmed, anid t3i -yearsare needed to supiily coal forra Jl -" d
:60 Guide, Cificihati: U.S. Departleit of liealth, Education, aud Wel- powerplarit. 'rhe irunlher itf workdays lost as a resUlt of coinlilieatell
ar .. Public Hleall Service, p. N. ulfur content is taken as 2.85 percent, ircurtocorrloSIs Is estimuited at 8,01U.
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-----.,-.. . . .. . . .. . .A

Annual Environmental Impacts of Uncontrolled Oil-Fired Electricity Systems Associated With a 1,000-Megawatt Power-
plant With a Load Factor of 0.75

Extraction Transport TotalImpact _In Process- Conver- Trans
Onshore Offshore Onshore Offshore Import Onshore Offshore Import

Land Acres 11,572 3164 '76 1.856 1i16 110 6250 117,183 20,742 17,840 17,448

e Tons fl ''102 "4,631 11435 '1527 t 1,711 12813 0 5,900 6,073 2,524
r, Water Tos - i __12 _ 4, _l

Btu's 0 0 0 0 0 0 P& 05XI0u 0 8.05XI0U 3. 0SXIOI" 3.05XI05
Air - - +.

Tons 0 0 1187,524 1"1,507 "11,507 11,26 169,321 0 158,352 158,352 70,6475oQd waste - -
Tons 0 0 0 0 0 0" 0 0 0 0 0

Occupa- Deaths 170.21 1r0.21 110.08 "110.05 110.05 "0.05 "0.010 NA 0.35 0.35 0.08findsl
health Injuries 1121 "121 IS.6 14.5 1$4.5 "4.5 "1.15 NA 82.3 32.3 5.7

Workdays "2,135 12,135 "735 "82 "802 "502 0127.2 NA 3,609 3,800 689
lost 

3, 0

NA-Not available. I One other vvater Impact that does occur but Is not Included on the
I One thousand seventy-two onshore wells ere required to sul a summary table Is pollution of waters by salls and suspended solids byplant, based on averae well production for the United t the release of the brine to marine environments. Brine discharge toO- e plant, be nwater bodies based on the above, 4,8 ndillon barrels.U.S. Department of the Interior, Bureau of Mines. December. 1071. ,0 Calculated from "achievablo" effluent emission factors for toppin.lineral Industry Surveys: Crude Petroleum, Petroleum Products, and and cracking plants divided by "achievable" reduction factors. US.Natural.Goa.Lfquids:1870 (Final Summary). Pittsburgh: D.O'I., B.O.m., Environnental Protection Agency. 1972. "The Industrial Waste StudiosTable 3. Land area required for drilling rig and attendant equipment Program: Summary litiport In the Petroleum Refinery Industry,"and supplies is estimated at I acre per well. hnterechnology Corpora- 8.I.C, Z11. Research Trangle Park, N.C., pp. 5, 6. Refinery waterlon arrento Va emissions, In tons, are:tie hundreA sixty-four offshore wells are required to supply a 1 e000. m n ns, are:,M e plant, based on average well production of Gulf Coast offlisore Ammona (as N).............. .................. 82wells US. Deprtnient of the Interior, Bureau of Land Management. DS ............................... .. .. . .. .. .. ......  3901972. Final Environ mental Statement-Proposed 197 Outer Continental Chromates ................................................. ,3

Shelf Oil and Gas General Lease Sale, OffsAore Eastern Louisiana. Wash. COD ................................................. , 36
ington, D.C,: D.O.l.,,pp. 63,132. Sea surfaearea required for equipment. Oil .......................................................... 167
considered a land Impact, Is estimated as In tote 1. Phenols .................................................... 873 Land required for production facilities, administration, maintenance, Sulfides ..................................................... 62storee, and Surrounding "green belt," for a refinery of 51.78 million Suspended solids ......------------------- 455barreta per year capacity, Is estimated at approximately 400 acres. Arthur Dissolved solids .......--------------------- 2, 34.2,1D. Little, In'!,. Vambridge, Mass. 11 Water pollution results from oil discharges. Soo Table A-4, note 6.Land ianpt for pipeUne transport Is based oi 19G9 figures for total Conversion to tols front Petroleum Fads and Figurea-971 Editfon, op.U.S. crude oil trunkline nmleage t3 830) times the fraction of the total cit., p. &8. For prerefinery transport, oil loss is from barges fnr do nestlcnumber of wells In the U.S. needcd for a i,000-DMWo plant. American oil (435 tons) and front tankers for Imported oil (1,711 tons).'Petroleum Institute. 1971. Petroleum Facts and Flgures-71 Ediftieo 1 See Table A-2, note 11.Washington, D.C.: A.P.1., p. 215; and notes I and 2. A 62.5-foot right-of, I See Table A-2, note 12.way Is assumed, averaged from data In Petroleum Extension Service anld If See Table A-i, note 6, for hypothetical refinery. Given the outputPipeUne Contractors Association. 106. .t Primer of Pipe Line Construe- indicated in Figure A-2, we calculate input (assumed to le entirely crudelion. Austin: Texas Education Agency. oil) and total production. We calculate heat input front residual fuel oil'Terminal storage facilities of approximately 30 days' supply are and from natural and petroleum gas from Mineral Industry Surreys:necessary due to Irregularities inherent in tanker shipmeuts. For a Cud, Petroleum, Petroleum Products, and Aatural-Oae.Jflqutds: 1970terminal handling 2100 million barrels per year, an estimated 2,000 (Final Summary), op. cit., Table 19. We calculate the refr-imu capacityacres Is requited. Arthur D. Little. Inc., Cambridge, Mss. storage capacity, and storage throughput from U.S. EnvironntalI Because of buffer zones, the land required for a 1 000-MWe plant is Protection Agency. 1972. The Econom8es of CleanAir. Washington, D.C.:
given as la) to n acres In Executive Office of the Presldent, Olce o E.P.A., p. 4-108: o me,d eene and Technology, FEney Policy Staff. !I.16. Considerations Affect- Input (crude oll) ......... 166.5 milllion barrels per year.
In, &cam Power Plant Site edeton. Washilngton, D.C.: ocvernm eat Output:
PrintillUffice, p. i. D Total.............. 161.3 million barrels per year.SSee Table A-2 note 8. R esldual fuel oil - .39 million barrels per year.I Quantity of oil enitted to waters from onshore oil production is the Refinery capacity ........ I).7 million bnrrels per year.oil rele.sed by the Incomplete separation of brine ald oil at the wellhead. Fuel oil buned........1.64 million barrels per year.Based on production of 2.7 barrels of brine per barrel of crude oil and Gas burned ............... 80.9 billion cubic feet per year.16 percent of the brine disposed of In water bodies. National P'etroleum Storage capacity .......... 8.20 million barrels.CoulctL 1972,Enriranrnental Conserration: The Oiland Gas lndustries.Vol- Storage throughput ....... 71.8 million barrels per year.ume Two. Washington, D.C.: N.PI.C., P. 147. Also based ot 0,005 percent The fraction attributable to residual fuel oil production Is 6.85 percent.ollcontet lit the brine,which Is the Federal regulation appvilg to offshore Additional assumptions are that the fluid catalytic cracking process idrilling. Final Enrironmental Statement-Propoted 187* OCS Lease Sale, used (representative of new refineries); that one-tihed of the crude
o.ect. Converslon to tolls from Petroleaum Fas and Figurea-1971 i-t;. undergoes vacuum distillation; that storage Is 03 percent as finishedI A, p. cit., p, 88 Outt.r Contiental Shelf data, calculated/ron st -. products, 7 percent us crude; that hydrocarbon evaporation for crude andwater and necident data ln Final Ent Ironmentanl Statenent- ropouted. '/ residual products Is statistically similar; and that no floating roof storageOCSJease'dle, op. cit,, pp. 133,134, are used to estimate accidental sp i4 is used. lAe Economics of Clean Air, op. cit., pp. 4-105, 4-1i0.
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F'orl these data, and from emtssion factors in U.S. Environmental H Air emissions, assuming 1.5 percentsulfurln the fuel, are calculated
P'o: c*.ton Agency. 1972. Compilation of.4ir Pollutant Emission Factor*. from Compilation of Air Pollutant Emission Factors, op. CtU., P. 1-7.
Wanirgton, D.C * Government Printing Office, pp. 1-7, 9-8, 9-4, we Powerplant air emissions, In tons, are:
- ,!cIte air emnssions. Refinery air emissions, In tons, are: Particulates ... . 578

Sourot Partcu. so, HC CO Bog.......................... ............... 4,4M8
taus CO ....................................... S................. 8

Process hear HC ........................................................ 295
Residual oil ............ 47 M a 0 NOn ........................................... 2D,705
(;as................... 5 at rn 81 Aldehydes.......................................... 197

.aarl crckn ...... 31 .M 115 7,
1alyti ................ 2 " 14 71 0 t Based on an Injury rate for oil extraction developed from data Li

' il w dw. '......... 0 0 9 40 W atts O w endolyn l. 1972. D isabling W o kk4 jur rfmce a Ls Oi
Vacumdlsc~alo 0 0 26(AUl Ad irils) and the National Gas Induutry, 1 udif D ribut ion

Storage .............. ... u0, AItvites) In the Unied Stake, 1970. Washington, D.C.: U.S, Depart.
Tota ................ 419 3,290 11,027 71,290 ment of the Interior Bureau of Mines; and on number of man-hours

Source NO, Aide- Arona Total worked in cit extrction, which was developed from U.S. Bureau of the
Census. 1971i. Statistical Abstrad of the Unted States: 1971. Washington,

ProTs hot: A des (8 N) D.C.: Government Printing Office, pp. 219, 496, Rates of fatal Iuries
Residual oil ............ 161 2 a 7m (1 death per 100 nonfatal inijurles) and workdays lost due to nonfatal
Ga .................... 619 0 M I7nBure days lost per In ury) are from -U,8 Deportment of LAbor,

p. .renneIT ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~ umt ofn pr (dmsi) up reI mdt edesleble ~ n or tatistis. 1r l I l.njury R t. Indu.Ary-I.') ash-.n

Catalytc cracking ......... 323 99 281 75,.193 i .. ... 8 I~r oe yIdsr-99 ah
. lon ors............os 0 0 1 b Based on total man-houra woeked, derived from U.S. Bureau of theVacuum disllat0 0 0 2. Census. 190. Sboltni, Abutrcd U the United Staten: 1970. Washington,
Storage. ........... 0 0 0 7224 D.C . o nt P tin wo , pp. o2 M ;and on injuryteTotal................ .10S 109 281 V, 824 D..Goen ntPnig0c, .22,66yre

statistics In Injury Rates by I.datr 1960, . elt., p. 10.
: , Table Aos 4. nte 12. for assumptions and fuel consumption. For It Based on 19u occupational he w.h dat n; FLsh, George. 1970. Dis-

p-?efinery traport (domestic), pumps are assumed to be diesel engines abling li'ork-lin Ury Experience of the Oil industry (All Activities) and the
V~ths emissdon foetors strmilar to those for heavy-duty trucks and buses. Na~urat Gas. Industry (Excluding Diutributiton Activites) in (te United
CJ-4PIbalion of Air Pollutant Emifstion Factors, op. cit., p. 3-7. For powt- States, 1969. Washington, D.C.: U.S. Department of the Interior, Bureau
*Tanry tran.sport, barges (domestic oil have diesel motors, whereas of Mlines, g 8; on the total work hours of marine transport In the oil
:s:.kers iliiporu) are steamships. Emission fac tors In tons pr gallon Industry erived from National Petroleum Council. 19M9. People In the
0! fuel consumed are derived from "underway,' columns In Tables M- Unifted K~ates Oil and Gas Industrifes, Washington, D.C.: N.P.C., p. 5;
a:d 3-7, Ibid., p. 3-11. Air emissions for oil transport, In tons, are: and on the share of all oil needed to fuel a 1,000-b3We powerplant for

I year, derived from data In Figure A-2 and In US. Department of the
Domestic Import Interior, Office of Oil and Ga. 1970. 1968 Patroleum Supply and Demand

--Pt Tota In the Free World. Washington, D.C.: D.O.I. On first estimate, Imports
Pre- Poat. Toal Post- and domestic production are not separated. "

re4nerv relnery re4nery 30 See Table A-2, note 23, using 0.00 men per MWe.

Particulates ...... 7 3n 334 4
SO, .............. 14 246 260 885
CO ............... 116 197 313 .17
HC ............... 19 146 lbS 17
NO.............. 191 231 422 386
Aldehydes 2 I 1 13 4

Total ........... 349 1,158 1,807 1,326

i
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APPENDIX B

Coal.Fired Electricity System for a 1,000-Megawatt Powerplant Operating Annually at a 0.75 Load Factor

e34.1% 1.03 x 101 tonsResource El:
Reservoir 5%0.8%

5.32 x 10 tonsI

3.03 x 11Y tons " Cleaning

t1.88 x 10 tons

R-Resource ot 0% 
.0

Reservoir R: 12%
3.79 x 10' tons d rM: 11%

-El:O.19/
90Dry

Cleaning
0.12 x 10' tons

3 8% 4

1.5.4 x 10 tons

El:
0.9%

End Use , H 1.2 % Transmission ,38% Powerplant ,99% Transport I

5.99 x 10" KW1H 6.57 x 10' KWH -- 2.54 x 10' tons -- 2.57 x 10' tons

El -Energy input

R-Resource los.t
V, -- Nonresource materiai discarded R: 1[.0%
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APPENDIX B

Residual Fuel Oil.Fired Electricity System for a 1,000.Megawatt Powerplant Operating Annually at a 0.75 Load Factor

El: 0.5% El: 0.23%

R: 0.1% R 0.00% .38 x 10' bbl.

R: 0.01% ER: 0.06%

Resource .% O ans O 8% Pre-Refinery 9 % El: 1.%

IReservoir E xtracton Transport -

34.703 x 10r bbl. 110.42 x10' bbl.l 10.41 x10' 0 bbl.|9.7/ 939otRfnr~~msias~t 0:bl

EI: Ener5y% 0. 0np

6.57 Reore40x i 10 0% Pr-Rfier 99.99 89%.13

9.389 x 10
' bbl.

RRReource lost R 0

M=-Nonre9otrcT material discarded
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Nuclear-Powered Electricity System for a 1,O00-Megawatt Powerplant Operating Annually at a 0.75 Load Factor

El: 2.76 x 10' KWH LI: z.V3 x -u- Mwn

I. I Processing

Eh 0.234 x 10 KWH. El:2.53x10"KWtf El: 2.1 x 10' KWH El: 2.91 x 10 KWH

Resource Mill :Convers',-nn U Enrichment
Reservoir 1.427 tons 1.356 tons 1.650 tons

1.427 tons 1.l-235 U-235 U-235
U-235

R: 5.0% R 0.2% R: 30.1%

Extraction

R: 5.0% R:.0% El: O.4x I(' KWH

Note: Because the nuclear energy
system Is more complex than
other energy systems, the reader
is advised to consult the notes to Reprocessing Fabrication
Table A-10 for interpretation of R: 37.8% - 0.300 tons 1.154 tons
this chart. U-235 U-235

R: 1.,0%

EI- Energy input
R-Resource :ost Conversion



Annual Environmental Impacts of Controlled Coal.Flred Electricity Systems Associated With a 1,000.Megawatt Powerplant
With a Load Factor of 0.751

(Costs in thousands of dollars or mills per kilowatt-hour]

Etraction ". Trans- Total

Impact Processing Transport Converson mission

Deep Surface Deep Surface

Acres 39,120 '934 485 2,213 1941 17,188 29,637 21.461

Percent change 0 -94.3 -47.2 0 +35.2 0 +0.88 -37.4
Land

Coats
Annual total 0 1,88 10.8 0 0 0 10.8 1,878.8
Mills per kilowatt- hour 0 .28 .002 0 0 0 .002 .282

Tons S0 12.W0- 1227 0 '68 0 282 3,064

Percent change -100 -9.2 -04.1 0 -93.2 0 -96.2 -92.4

Costs
Annual total 460 0 8.99 0 NA 0 468.99 5,90
Mills per kilowatt-hour .07 0 .001 0 NA 0 .071 .001

Water -
Btu's 0 0 0 0 so 0 0 0
Percent chango 0 0 0 0 -100 0 -100 -100

Costs
Investment 0 0 0 0 10,000 0 10, 000 10,000
Annual total 0 0 0 0 2,153.8 0 2,153.5 2,153.5
Mills per kilowatt.hour 0 0 0 0 .328 0 .33 .33

Tons NA 0 is y8 26,270 "45,176 0 71, 10i 71,501

Percent change NA 0 -8.7 0 -87.2 0 -81.3 -81.3
Air _ __

costs
Investment NA 0 NA 0 4%,000 " 0 40,000 40,000
Annual total NA 0 14 0 11,826 0 11,840 11,810
Mills per kilowatt-hour NA 0 .002 0 1.80 0 1.80 1.80

Tons " 101,316 12,762,32S 7'462,373 0 11991,000 0 1,58.000 4.210,000
solid
Waitea Percent choria +1.3 +0.01 +1.3 0 +1,057 0 +180 +20.1

NA-Not avallahlo. taken as 10 percent. Electricity costs based on midmal controls, in mills
I Costs of coal-fIred powerplants are estimated at $180 per kilowatt. per kilowatt-hour, ae:

baed on unpuhllshed updated data for Federal Power Commil.mlor. Powerplant ................................................ 4.03IM08 and 1901. 11droltedrir Powr F raluation and its Supplement No. t. Cool..................................................... 3.14Washington, ).2.: Oovertunent 'rntlng Office. The 14.8 percent an- Coal storage .................................................. 08
nuallation r.te was developed tmini lldraolecfric Power Etaluaton, Operation aind mainteonce ........ ................. 30
BuppnAnent No. 1,p. 3; and oardof overnors of the Federal Reserve
Slytem. "Bond and Stock Yields." Federal Reerre Buhllin. April 1973. Total ...................................................... 7.60
Vol. 5' No. 4, p. A 11. Fuel is estimated at 60.35 per million British
thermal units b..ald on data in Federal power Commission, Bureau of Incremental electricity costs with controls. In mills per kIlowatt-hour
Power. February 1973. .1ontahlo Report of Ct and Qualift of Fuels fur are:Deep Surface
uerm. leric Plant. Washington, D.C.: F.P.(., p. 2. Operation anr

malntenan costs ane estimated at 0,31J mills per kilowatt.hour, based Total costs ofcontrols ......................... 2.13 2.41on data in "17th Steam Station Cost Survey." Litlerical World, Novern. Total costs with controls ...................... 0.79 10.07ber 1, 1971, p. 48. Coal storage Is set at 3 months, with the cost of collal Per..cnt Increase with controls ................. 27.8 31.5
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AENIX C~
Annual Environmental Impacts of Controlled Oil-Fired Electricity S'/stems Associated With a 1,000-Megawatt PowerplantWith a Load Factor of 0.75
W(Costs in thousands of dollars or mills per kilowatt-hour)

Extractlon Transport TotalProces-., Conver- Tram-Impact IngSin missionOnshore Offshore Onshore Offsore Import Onshore Offshore Import

Acres 1,572 164 '76 1,656 168 10 8260 17,188 20,762 17,856 17,453
Land - _ - ___-

Percent change 0 0 nIl 0 0 0 +4 0 0 0 0

Tons ill 102 *3,063 43.W 527 1820 45 0 3,664 3,747 678

Percent change 0 0 -4-8 0 0 -60.6 -93.2 0 -38.8 -38.3 -77.2

Costs
Investment 0 0 r1,100 0 0 0 NA 0 1,100. 1,100 0
Annual operation

and maltenance 0 0 110 0 0 0 NA 0 110 I10 0
Mills per kilowatt-

hour 0 0 .026 0 0 0 NA 0 0.026 0.026 0
Water

Btu's 0 0 0 0 0 0 '0 0 0 0 0
Percent change 0 0 0 0 0 0 -100 0 -100 -100 -100

Costs.
Investment 0 0 0 0 0 0 10,000 0 10,000 10,000 10,000Annu%1 total 0 0 0 0 0 0 2,408 0 r2,408 2,408 2,408Mills per kilowatt- 0 0 0 0 0 0 1.377 0 .377 .377 .377

hour

Tons 0 0 '3,210 1,507 1,807 1,320 10 38,362 0 43,079 43,079 39,688

Percent change 0 0 -96.3 0 0 0 -4-1.7 0 -72.8 -72.8 -43.8

Air Costs
Investment 0 0 11,415 0 0 0 0 0 1,415 1,415 0
Annual operation

and maintenance a 0 229 0 0 0 14,242 0 15,471 15,471 14,242
Mills per kilowatt-
hour 0 0 .067 0 0 0 2,168 0 2,355 2,355 2,168

Tons 0 0 12213 0 0 0 0 0 213 213 0Solid - 213 . 213 0waste Percent change 0 0 + 0 0 0 0 0 + + 0

NA-Not avallable., based on data In "17th Steam Station Cost Survey." Eleclrial World.
I Costs of ail-fired powerplants are estimated at $150 per kilowatt November 1, 1971, p. 40. Fuel storage Is set at 1 month, with the cost ofbasedion unpuhlisheJd, ated data tar Federal Power Comiulssiou. capital taken as 10 percent, Electricity costs bssed on mdnm ma controls,196 and 196. It droeteerie Power Laluation and its Supplemetd XVo. i mills per ilowatt-hour, are:Washington, D.C.: Government 1'ritinp Offie. See Table A-3, note 1 lowerplt ........................................- - -3.38(or 14.8 percent anuuallzation rate. Fuel Is estimated at 50.45 per million Fuel ........................................... 4.01Britls, thermal units i)based nn data [i Federal Power Coaunission. Fuel storage ........... ............................. 0Itureaut uf Power. Febmaury 1173. Montly Report of Cost and Quu/lly of Operation and maintenance .................................. 21Fetsjfor Strai.-lecric Pint. Wastilngton, D.C.: •P.C., p.3. OperationaWl iM[ntenance costs are estimated at 0.21 mills per kilowatt-hour, Total ..... .................................... 7.67

The incremental electricity costs with controls, in mills per kilowatt- f See Table A-3, note 9. Costs are computed using $0.6S per millionhour, are: British thermal units for residual fuel.Onshore Offshore 1hports I Carbon monoxide boilers 'eliuinate CO and V5 percent of the IIC
Water discharges .............. .03 .03 0 from limo ctj 'tic crackig stape. U.S. Environmental 'rntectivnHeat discharges ............... .38 .38.- .33 Agency. 1072. 'he ECoo0ntra Of Cl14MI Air. Washlington, D.C.: E.P.A.,Air emissions ................. 236 2.36 2.17 pp. I-106, 1M. Sulfur recovery plants andtall gas cleaning can reduceFuel storage ................. . 02 .02 .02 SO, tram the cracking stage y 9IY.5 percent. Ibid., p. 4-106 Electrostaticprecipitaturs can reduce particulates from the catalytic rracking stue,Total costs of controls ....... 2. 79 2.79 5r ly 67 percent. Ibid., p. 4-107. Floating roots on storage tul:s can reduceTotal costs with controls .... 10.46 10.46 10.21 emissions by 89 percent. Ibid., p. 4-103. Illowdown elisolas can bePercent Inease with reued I . percent Mtl controls. U.S. Environmental Protectiot

controls ....... ........... X4 30.4 33.5 Agency, 'J14%, of A ir Programs. February 1972. Comlplation of .4 IrPolutani intuston Factors. WashIngton, 1).C,: Government PrintingI Virtually no land is needed for added solid wastes disposal Olflce, p. 9-3. Emissions from vacuum jets call be eliminated by conltrls.3See Table A-3, note 5 for tle acreage needed for cooling towers. lbd., p. 9-4. The pireh cie of O.6 percent sulfur fuel oil Is assumed, tlus4 See Table A-i, note 1O. reducing SOK from fuel oil colbustion by 60 percent.A The load-on-tap system Is about F-0 percent effective in reducing oIl 10 l sed on the use of 0.6 percent sulfur residual fuel Costing $0.69dIscharges front tallkers. Porricelill, Joseph D., Keith, Virgil F., and per olliO tisl thermal units. Based on data in Monthly Report oflIchardl ,. Storch. "Tankers anid tihe Ecology." Transactions. Vol. Eol and QualitV of Fuels for Steam-.Electric Plant. op. cit., p. 3.79. 1971 pp. 2,4,7. Tho LOTsy-' pays for Itself. 11 Costs/based on data In The EConomic, of Clean Alr, op.Cit., p. 4-110.* See ab)Ie A-3, note 8. If Electrostatic llreelltltors call reduice pasrticulate en(ilis train.?Costs of control were estinated by lterTechnology Corporation., 0tqlytc cracking by 6 percent. The Economics of Clean Air, op. cit,Warrenton, Va. p. -107. Seel Table A-, note If.
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APPENDIX C

Annual Environmental Impacts of a Controlled Light Water Reactor Nuclear Electricity System Associated with a 1-000-
Megawatt Powerplant With a Load Factor of 0.75'

(Costa in thousands of dollars or mills per kilowatt-hour

Impact Extraction Processing Transport Conversion Transmlslon Total

Acres 785 9.12 0 2 84 17, W88 1814

Land____ _

Percent chnp 0 0 0 +4.7 0 .1

Tons 20,400 42.9 0 855 0 20,48

Percent change 0 0 0 -9& 2 0 -3.6

4 . Curies 1,9 2,848 0 332 0 2,682

Percent change 0 0 0 0 0 0

let0's so '0 0 40 0 0

Percent change -100 -100 0 -100 0 -100

Cost
Investment 0 0 0 14.00 0 14,000

Annual total 0 0 0 2,800 0 2,600

211ls per kilowatt-hour 0 0 0 .39 .0 .39

Tons Il 5,192 nil 0 0 6,192

Percent change 0 0 0 0 0 0

Curies 69,9 3.49X101 0 1 1.40XI0. 0 3. b0Xi0

Air "
Percent change 0 0 0 -99 0 -29.3

Costs
Investmen. 0 0 0 4,000 0 4,000

Annual total 0 0 0 514 0 614

111113 per kilowatt-hour 0 0 0 .03 0 .093

Tons 2.62X106 88 0 0 0 2.82XI0

Solid or stored
waste Percent change 0 0 0 0 0 0

Curies 1,125 1.4XI04 0 81, 00 0 1.4XI0
a

Percent change. 0 0 0 0 0 0

S"Note that the AtomIc Energy Commission is developing cost I Bee Tab.. A-3, note 5 Because nuclear units have over 60 percen

and effectiveness data on reducing systemwide radioactive emissions. greater thermal discharge than fossil-fired powerplants, 14 acres is added

Using data from Fedpral Power Commission. 1969. Hdrotdicdric for cooling towers, with the costs Included In water control.
Potrer Eraluation Supplement No. I. Washington, D.C.: Oovernment ' See Table A-3. note 8.
Printing Office, pp. 10-12, inflated by 15 percent to cover cost rises since C See Table A-3, note 9, for an analysis of cooling tower costs. The

1%9, the construction cost of nuclear powerplants Is estimated at $300 per Council estimates the capital cost at $14 er kilowatt, based on over 80

kilowatt. Updated fror ibid. The annualization rate is based oi T. le percent greater thcrmal discharge of nuclear units but some c.onomios

A-3 note 1 with 0.55 mills per kilowatt-hour added for insurance, Id., ofscale. Detated annual cooling tower costs are:
p. 3. Modifications, based on Hydroeledric Poteer Evaluaion and its Annual cost of investment .... ........... 2,072,000
suptlement No. 1, op. el., are made to change the load factor to 0.75. Operation and maintenance... ................... .328,500
In thIs way. operation and maintenance costs are determined to be Additional fuel ......... ...................... 15,000
12W000 per year,' or 0.44 mills per kilowatt-hour, and fuel costs are ......... _

1.79 mills per kilowatt-hour. Cooling towers are based on a 14.8 percent Total annual cost Increase ......................... 2,559,50 0
anntallratlon rate. On this basis, the nuclear system with limited con- Cost Increase (mills per kilowatt-hour) .............. 0.3
trots produces power at a cost of 9.24 mills per kilowatt-hour prior to
trnswmIssIon. The controlled systems produce power at 9,.72 mills per I lteducing powerplant radiation emissions by 99 percent is estimated

C -,,/ . kilowatt hour, an Increase of 5.19 percent. to cost $4 million.
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Preface

The satisfactory disposal of industrial effluents is a major
problem causing growing concern to public health authorities.
Direct discharge of wastes into water courses may deplete dis-
solved oxygen, destroy aquatic life, and make the stream unfit
for community water supply and other beneficial uses. On the
other hand, the discharge of some industrial effluents into muni-
cipal sewers may have damaging effects on sewers or overload the
sewage treatment works. Public health authorities are also aware
of possible long-term physiological effects of some new organic
chemicals which are found in industrial effluents, many of which
are not removed by conventional treatment processes. Highly
persistent detergents, pesticides and other toxic wastes have be-
come serious problems in developed countries and will in time
present a similar threat to developing countries.

In the developing countries the situation is particularly
serious in view of the scarcity of qualified professional person-
nel (sanitary engineers, chemists and biologists), analytical
laboratories, and finances for planning and operating industrial-
wastes control programmes. It is important to consider the pro-
blem not only as it is at present, but also in the light of
expected population.i increase, and of urban and industrial growth.
Early government action is required "or determining the extent of
the problem and forplanning and imp.Lementing efficient measures
for the control of industrial wastes discharges.

This is ont of a series of documents prepared by the World
Health Organization covering the most prevalent industries in
developing countries. The objective of these guidelines is to
assist the responsible staff of health agencies and of other
reclatory authorities to carry out surveys, interpret laboratory
findings, advise industries on inplant remedial measures and dis-
posal of wastes, and make recommendations concerning acceptance
of wastes into municipal sewers. The first docliuent in this
series described the problem in general terms, and advised on how
to carry out furveys and institute programmes of industrial
wastes control. The guidelines dealing with wastes from speci-
fic industries cover a description of the manufacturing process,
with flowchart, the quantity and characteristics of wastes in-
cluding health hazards, reclamation and recycling practices,
methods of treating and disposing of wastes, suggestions for
surveying and appraising existing facilities, and selected refer-
ences to the literature.

It is planned to revise and update the documents from time
to time by including information on new processes and procedures
with special reference to experience in developing countries.
Information and suggestions in this connection will be welcomed
by the Organization.

iDocument WHO/WD/70.6.
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1. Introduction

Most of the world supply of sugar is obtained from two typesof raw naterial sources - sugar cane and sugar beets. The caneis a giant grass which grows 10-20 feet (3.5-7.0 m) high and 1-3in (2.5-7.5 cm) in diameter, averaging about 15 percent fibre and85 per cent water and soluble solids, including sugar (sucrose)
equivalent to 10-12 per cent of the cane weight.

Sugar cane is cultivated throughou the world in 56 coun-tries located within a belt between 30 North and South lati-
tudes. Some of the important sugar-producing regions are inBrazil, China, Colombia, Cuba, Dominican Republic, Hawaii, India,Mexico, Nicaragua, Peru, the Philippines, Puerto Rico, the UnitedStates of America and the Virgin Islands, (Jenser, 1965; Keller &Huckabay, 1960). World production of cane-sugar in 1962 wasestimated (Guzman, 1962) at 30 million tons annually, mdnufac-
tured in about 6000 factories varying in size over a range of1-20 000 tons of cane processed per day. Obviously, such facili-ties also will vary widely in processing techniques and efficien-
cies.

Although the exact periods for harvesting differ among theregions, this seasonal operation generally lasts three to sixmonths. Milling of the cane to produce raw sugar must be accom-plished during the harvesting season, as promptly as possible toavoid serious loss in quality and quantity of sugar. Subsequent
refining of raw sugar to produce various market products may beaccomplished on a year-around basis, though storage of raw sugar
for processing later and, perhaps, elsewhere.

2. Manufacturing process

A simplified flow sheet for production of raw sugar fromcane is shown in Fig. 1, but one must recognize that the proces-ses vary considerably depending upon location, size and age ofmill, and local resources, labour and customs. Washing of thecane before grinding may not be necessary where it is harvested
manually with reasonable care to exclude dirt and impurities.
Recent treDds in many areas have been twoards mechanical harvest-ing, because of increasing labour costs. Data from Louisiana andHawaii indicate increases in extraneous material from less thanfive percent with manual harvesting to five to 50 per cent afteradoption of mechanical harvesting (keller, 1959). Also, mechani-cal handling results in more damage to the cane and consequently
an increased loss of sugar to the wash-water used to clean the
cane at the mill before cutting and griding.

Water which has been used for condensing vapours from eva-porators usually is re-used for cane washing, where practiced,
thereby conserving water and taking advantage of heat awilablein the flow. Effluent from this operation represents it majorwaste-water flow from the plant and wil, be referred to a3 "cane
wash-water".
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Sugar juice is extracted from the cane by cutting it into
short lengths and crushing between roller mills in series. Some
juice from this process is returned to inlet of the grinding op-
eration to improve effectiveness of water use, a process re-
ferred to as maceration.

Fibrous residue from grinding and screening of particles
from the sugar juice is called "bagasse" and normally amounts to
about 30 per cent by weight of the cane processed. This usually
is burned in the boiler plant for generation of steam and pro-
vides enough fuel for operation of the factory. An alternate use
for bagasse is as a raw material for production of fibreboard or
paper.

The screened juice is treated with lime to a pH above 8.0,
to prevent inversion of the sucrose,0 and enters heaters where the
temperature is raised to about 215 F (102 C). Thence it flows
into tanks called "clarifiers", where some insoluble compounds
settle as a sludge and others rise to form a scum. Both under-
flow and overflow pass to vacuum filters, from which juice is
returned to the process, and filter cake is disposed of on land.

Clarified juice from the center of the unit is withdrawn for
concentration in multiple-effect evaporators, producing a syrup
containing 60-70 per cent solids. Water content is further
reduced and crystallization accomplished in single-effect vacuum
pans, causing formation of a dense mixture of crystals and syrup
called "massecuite". This is centrifuged for separation of the
crystals as "raw sugar". The remaining "molasses" is returned to
the vacuum pans for further crystallization and ultimately the
spent molasses is removed from the process for use in alcoholic
fermentation, hog-feeding, or for other purposes.

Most raw water entering the plant is used for condensing
vapours in the barometric condensers. Some also may be used in
the boiler plant, although that often operates on condensate
instead. Condenser waters subsequently are used for washing
incoming cane and excess flow is discharged as waste water.

Major sources of water pollutants from the process include:
(1) cane wash-water, (2) floor washings and boiler blowdown, (3)
soda and acid wastes, and (4) excess condenser waters.

3. Quantity and characteristics of wastes

Waste-water flows and characteristics vary widely depending
upon local conditions and methods of plant operation. Generally,
where sources of fresh water are abundant water consumption is
high, but in water-short areas factories practice extensive
re-use, reducing water-supply requirements and volumes of waste-
water discharges. An extreme example of successful operation
with very limited water resources has been reported for a factory
in the West Indies faced with a total supply of only about one
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FIG. 1. CANE-SUGAR PR(KESS

CAN%
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Adapted from Biaggi, 1968; Guzman, 1962; Jensen, 1965; Keller, 1959; KeLler &
Huckabay, 1960; Stone, 1951.
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million gallons available at the beginning of each season (Kel-
ler, 1959). About 60 per cent by weight of cane entering the
process may be recovered by condensation of water evaporated from
the juices. Conservation of this water makes it possible to op-
erate the plant for extended periods with condensers maintained
on a closed circuit through using a cooling tower or pond.

A survey of 103 cane-sugar factories in North India (Bhas-
karan et al. 1963) indicated an average production of 290 UK gel
(1320 1) of waste water per ton of cane, with a five-day BOD cf
570 mg/l (1.4 lb BOD/ton of cane). A subsequent publication
(Bhaskaran & Chakrabarty, 1966) reports that waste waters from
manufacture of cane sugar in India vary widely because of differ-
ences in processes used in the mills, but are reported to have
BOD values ranging from 300-2000 mg/l. Table 1 shows character-
istics reported in that paper for specific cane-sugar wastes
which were studied in pilot planL investigations.

Table 2 shows quantities of wastes reported for raw cane-
sugar production in Puerto Rico. Table 3 summarizes sugar balan-
ces reported for 17 mills in Puerto Rico, and pollutional char-
acteristics of cooling and condenser waters from those mills are
presented in Table 4. Average effluent BOD was 97 mg/l in a flow
of 10.8 mgd. This yields a "population equivalent" for a 4200
ton/day plant of 52 000, an average BOD loading of 2.2 lb (1 kg)
per ton of cane and flow of 2500 gal (9500 1) per ton of cane.
These data were interpreted by the author (Biaggi, 1968) as
"clear evidence" that too much sugar was being lost through en-
trainment into cooling and condenser waters.

Table 5 summarizes waste-water characteristics from raw
sugar production in Louisiana, United States of America, based on
a mill handling 2400 tons of cane per day without re-use of con-
denser water. BOD load of plant effluent was calculated to be
5.3 lb (2.4 kg) of BOD per ton of cane processed, 64 per cent of
which was in the cane wash-water, leaving 1.9 lb (.86 kg) BOD per
ton of cane Jin other flows, principally condenser waters.

3.1 Cane wash-water

As indicated earlier, this step is a major source of pollu-
tants, but may not be necessary in intallations processing cane
harvested manually with care to exclude dirt and extraneous
matter. Where mechanical harvesting is employed, cane washing is
necessary and very large volumes of water are used. Rates of
flow for such plants in Louisiana have been reported at 500-5000,
averaging 1000 gal/min (63 l/s).

As shown in Table 5, the cane wash-water contains high con-
centrations of suspended solids (typically over 2000 mg/l). Much
of the suspended material is colloidal or finely divided and may
be stabilized by organic compounds acting as protective colloids.
This makes the liquid very difficult to clarify through conven-
tional coagulation with ordinary chemicals.
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Because of damage which the cane suffers during mechani('alharvesting, the cane wash-water may contain substantial concen-trations of sugar, leading to BOD values of 300-1000 mg/i. Fromthe point of view of total BOD contribution, this flow consti-tutes a most serious source, as reflected in data of Table 5showing 64 per cent of the plant total to be in the cane wash-
water.

3.2 Floor washings and boiler blowdown

Occasional spills, leaks in piping and general carelessnessin operation require frequent floor washings. Boilers for pro-duction of steam may be operated on raw water or condenserwaters. BLowdown may contain substantial concentrations of var-ious chemicals used to treat the boiler water and organics usedfor treatment or introduced with the condenser water.

Flow rates of combined wastes from floor washing and boilerblowdown may vary radically in strength from time to time andplant to plant, depending on the nature of facilities and careexerted in their operation. Floor washings may contribute majorloadings when the plant is cleaned thoroughly and equipmentemptied for weekend shutdowns. Data in Table 5 indicate that,nevertheless these wastes represent a relatively small portion oftotal BOD discharged from the manufacturing operation.

3.3 Soda and acid wastes

At intervals ranging from weekly to as long as three weeksit is necessary to clean heating surfaces throughout the plant toremove accumulations of scale. This is accomplished usually byrinsing the equipment with water, boiling for several hours withcaustic soda, rinsing again, boiling with inhibited dilute hydro-chloric acid and giving final rinses to remove acid residues.

Cleaning solutions and rinse waters contribute additionalpollutional materials in rather small flow but may have veryobjectionable characteristics, principally because of inorganic
constituents rather than BOD. Wastes from this operation usuallyare accumulated in an impoundment and released at low rates of
flow over extended periods of time.

3.4 Condenser waters

As indicated in Tables 4 and 5, condenser waters represent amajor source of pollution from the manufacturing process, secondonly to cane wash-water. Where cane is not washed, condenserwaters represent the bulk of organic pollution from the process.The BOD load can be attributed principally to carryover of sugarinto the condensate of evaporators through excessive foaming, orimproper control of the evaporators and entrainment of liquid in
the vapours.
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Characteristics of condenser wat8 rs may vary from virtually
pure water at temperatures of 35-50 C to so'lutions containing
sufficient organics to produce BOD as high as 300-600 mg/l. Be-
cause of the variable nature of condensate and its dependence
upon operating care, this represents a strategic location for
applying in-plant controls to reduce pollutional loads, as will
be discussed subsequently.

3.5 Other sources of waste

Generally, highly concentrated wastes from the plant are not
allowed to enter the liquid waste-water system but occasionally
this may occur. One such waste is bagasse, usually used as a
fuel in the boiler plant or recovered as raw material for manu-
facture of paper products.

Filter cake amounts to three to four per cent of the weight
of cane processed and has a high BOD (8000-25 000 mg/i), total
solids (40 000-100 000 mg/i) and 0.21 per cent sucrose (Biaggi,
1968). For convenience in some older plants, the cake has been
slurried and discharged to streams or lagoons. This is not con-
sidered desirable practice from the point of view of water pollu-
tion control and it is highly preferable that it be discarded to
the land as a fertilizer.

Spent molasses from the process has an exceedingly high BOD
(400 000-900 000 mg/i) and should not be discharged to receiving
streams (Biaggi, 1968; Stone, 1951). Normally, it is recovered
and may be used for conversion into alcohol or fed directly to
cattle.

4. Reclamation and recycling

Pollutional materials from suqar-cane processing plants may
be summarized as (a) extraneous substances adhering to cane upon
arrival at the mill, (b) cane residues separated from the sugar,
(c) chemicals used in cleaning equipment, and (d) sugar lost dur-
ing proecessing. It should be evident that lost sugar is unde-
sirable for two reasons - the waste of valuable food material,
and creation of water pollution problems.

Sugar balances for Puerto Rican factories in Table 3 indi-
cate total sugar losses averaging 2.468 per cent by weight of
cane processed (22.5 per cent of sugar entering the mill) and
variations in those losses of 1.66-3.08 per cent of cane weight.
When viewed from the aspect of water pollution, this indicates a
ratio of sugar loss between the worst and best mills of about
2:1. An even greater range in pollutional discharges from vari-
ous mills is indicated by the ib/BOD/ton of cane reported in
Table 4. All of the data suggest possibilities for reduction of
water pollution problems from canesugar mills through application
of in-plant controls.
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As indicated earJi'er, some of the highly concentrated wastes
from manufacturing operation include bagasse, filter cake, and
spent molasses. Proper controls should be included to ensure
that these materials do not escape with waste-water flow under
any circumstances.

Improved housekeeping, operating techniques and plant main-
tenance can have a significant effect on discharges of pollution-
al materials in floor washings and other cleanup waste waters.
Because they are highly variable in character these flows usually
are impounded and released after storage for sufficient time to
eattain stabilization. Reduction of spills to minimize necessity
for washing and institution of reasonable controls on volumes of
wash-waters used foz that purpose can reduce volume of the flow
substantially, making it easier and more economical to impound
the waste water for extensive periods. Where cane washing is
employed, floor washings frequently are combined with cane wash-
waters for treatment and disposal.

For economic reasons and the reduction of water pollution,
recovery of alkali from cleaning heat-exchange equipment fre-
quently is practiced. This can be accomplished by adding new
alkali to the spent solution anid settling for removal of sus-
pended material. Careful design and operation to ensure thorough
draining of equipment is desirable because it minimizes quanti-
ties of alkali discharged in rinse-waters. These waste waters
usually are retained in separate basins for discharge over a
fiarly long period of time to minimize pollutional impact.

As indicated earlier, the cane wash-water represents a major
source of pollution from this type of factory and quantities of
pollutants discharged depend upon cane-harvesting methods em-
ployed. Any steps which reasonably could be taken to leave dirt
and trash in the fields instead of deliveiing them to the mill
with the cane would have a favourable impact on characteristics
of cane wash-water discahrges. Also, pollutional characteristics
of this flow may be improved substantially by taking steps to
minimize damage to the cane which can cause increased loss of
sugar during washing. In those instances where economics still
permit manual cane harvesting, it frequently is unnecessary to
wash the cane, as already indicated earlier. Thus, avoiding
mechanical harvesting and continuing careful manual harvesting
where economically feasible, could offer one approach for mini-
mizing pollution from cane sugar mills. In regions where manual
harvesting now is practiced, the possibility for changing to
mechanical methods should be viewed with caution, and where both
techniques are employed it might be reasonable for mills to scale
payments for cane depending upon cleanliness. After all, cleaner
cane can offer reduced pollution control problems, thereby yield-
ing lower operating costs.

Volumes of waste waters from cane washing may be reduced
substantially through adoption of counter-current washing tech-
niques, which may include settling of water re-used in the pro-
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cess (Keller, 1959). However, this may not have significant
effect on organic loads which depend upon impurities and sugar
removed from cane during washing, not on volume of flow. Never-
theless, reduction in volume can have a beneficial effect where
impoundment or other treatment of the waste waters may require
construction of detention basins.

Sugar losses in condenser cooling waters represent a major
source of pollution and are amenable to control through careful
design and operation, as reflected by the observation (Keller,
1959) that BOD values reported for condenser waters in Louisiana
plants range from 2-600 mg/l. In two instances (Keller & Hucka-
bay, 1960) installation of efficient entrainment separators re-
duced BOD in condenser waters from several thousand to 20-30
mg/l, resulting in product savings of about $2500 per day. In
Puerto Rico, Guzman (1962) reported BOD discharges of 14 lb per
ton (6.36 kg) of cane processed in one factory, reflecting ex-
cessive loss of sugar through entrainment. Replacement of old
separators by modern ones reduced BOD of cooling and condenser
waters to 2.8 lb. per ton (1.27 kg) of cane. Further investiga-
tion indicated that multiple-effect evaporators and vacuum pans
were being operated at axcessively high levels of syrup, causing
sugar loss through entrainment. Marks placed on sides of the
units to indicate maximum syrup levels reduced effluent BOD to 30
mg/l, totalling only 0.86 lb per ton (0.39 kg) of cane processed.

Guzman (1962) also indicates that recirculation of cooling
and condenser waters reduced volumes of these flows and produced
higher concentrations of organic pollutants than in once-through
systems. He indicates that the total organic load generally is
reduced somewhat where this practice i. followed.

Sugar losses in condenser waters should be evaluated fre-
quently by analysing condensates for sugar (Jensen, 1965; Keller,
1959). Also, separators should be examined weekly to ensure good
mechanical condition and open lines. With good control and main-
tenance of equipment, disposal of condenser waters should not
create problems. Where problems arise, much or all of the solu-
tion may lie in reducing sources of contamination within the
plant, instead of resorting to treatment of excess condensate.

It is worthwhile to emphasize the importance of distinguish-
ing carefully between flow reductions and changes in organic
loadings attending reclamation and recycling operations. Accu-
rate evaluations require consideration of both aspects of the
question because very different unit water flows may be used for
the same purpose under different circumstances. As indicated
earlier, quantities of water used often reflect availability more
than process needs. Thus, it is virtually impossible to evaluate
pollutional loads, or the impact of reclamation and recycling,
through considering BOD concentrations only.

Stone (1951) indicates that intelligently-designed and oper-
ated cane-sugar mills ideally should not have water pollution
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problems because wastes from production of sugar can and shouldbe employed for fuel, fertilizer, byproducts, or irrigation water
and that "sugar cane waste pollution is the result of poor plant
engineering and/or bad mill operation".

5. Treatment and disposal of wastes

About one-half of the total solids in case wash-water (Table5) may be removed by plain sedimentation. However, the largeamounts of organic materials in the flow, some of which may serveas protective colloids, create difficulties with coagulation andchemical oxidation (Keller, 1959; Keller & Huckabay, 1960).

Although several studies have been conducted to evaluatetreatment systems for waste waters from cane sugar processing,
most of those actually in operation employ some type of lagooning(Jensen, 1965). Studies in Louisiana have indicated that amulti-basin system appears promising and suggest division ofavailable space into three basins. The first should have adetention of two to three days and incorporate aeration to de-crease the BOD to, perhaps, 100 mgi±. Effluent from that unitpasses successively through two more lagoons for further reduc-tion before discharge at a concentration of 50-60 mg/l BOD(Keller, 1959). Pre-settling is considered important to preventaccumulations of settleable solids on bottoms of the basins,
which could retard stabilization substantially by reducing basin
volumes and increasing organic loading.

Puerto Rican engineers have observed (Guzman, 1962) thathigh concentrations of carbohydrates make it difficult to treatconcentrated wastes because their degradation may produce suffi-cient volatile acids to overcome the buffer capacity of the wastewater and reduce pH enough to inhibit growth of micro-organisms.
This problem can be reduced by enhancing buffer capacity throughaddition of enough lime or other inexpensive alkali to neutralize
the acids produced.

Bottle digester experiments were conducted to evaluatefeasibility of anaerobic decomposition (Guzman, 1962). In eightdays at a temperature of 29 C, BOD was reluced by 78 ger cent atan average loading of 0.020 lb BOD/day ft (0.32 kg/m ). It wasconcluded that the many difficulties encountered with convention-
al treatment made it desirable to consider other approaches, suchas anaerobic decomposition in lagoons - a simple process requir-ing no equipment, but utilizing more land. Several basins wereconstructed adjacent to a sugar factory and a waste-water suiveyperformed to minimize flow rates in order to reduce land i:equire-ments. Production of volatile acids initially reduced pH to 4.3in the first lagoon, but after two or three days detention decom-position proceeded at a rapid rate in the second basin. Even-tually, stabilization rates decrease when BOD reaches 100 mg/l orless. The author concurs with results reported in Louisiana
(Keller, 1959) to the effect that stabilization proceeds faster
if space available for lagooning is divided into several basins.
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In India, Bhaskaran et al (1963) report that waste waters
from sugar-cane factories can be treated by oxidation ponds to an
effluent BOD of 20-95 mg/i. Subsequently, studies are described
(Bhaskaran & Chakrabarty, 1966) leading to a conclusion that
trickling filters are not effective for treating the waste be-
cause of nitrogen deficiency. Pilot plant studies conducted over
extensive periods showed the waste water to be amenable to treat-
ment by anaerobic digestion, followed by aerobic oxidation ponds.
This type of approach produced over-all efficiencies approximat-
ing 90 per cent BOD removal. Anaerobic digestion can produce BOD
reductions of 60-70 per cent in seven days in open, unhea~ed
basins, or in two days in a closed digestor maintained at 37 C.

6. Survey and Appraisal

Evaluation of pollution problems in a sugar factory should
include careful attention to in-plant controls for minimizing
waste discharges through good housekeeping, efficient process
operation, and equipment maintenance. Frequent or even contin-
uous sampling is preferred over intermittent (Keller, 1959) be-
cause faulty equipment or entrainment may occur erratically and
grab samples may not indicate true extent of losses.

Samples of condenser or other waters may be checked for
traces of sugar by using an alcoholic solution of alpha-naphthol,
but sometimes this analytical technique is not reliable because
of other organic substances in the water. Frequently, the per-
manganate oxygen consumed test has been used for this purpose,
but is not specific for sugar.

A more quantitative method is based on use of ammonium-phos-
phomolybdate for sugar analysis. This technique produces a blue
colour in the presence of sugar, the colour intensity being re-
lated dfiectly to concentration of sugar. Colour standards for
this ai,,lUytical technique must be prepared frequently to ensure
accurate results.
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TABLE 1. CHARACTERISTICS OF CANE-SUGAR WASTES,

AS REPa1TED IN INDIAN STUDIES

Characteristic Range uf values

pH 4.6 - 7.1

Total solids (mg/l) 868-3500

Suspended solids (mg/i) 220-800

Volatile solids (mg/l) 400-2196

5-day, 20"C BOD (mg/1) 303-1966

COD (dichromate method) (mg/l) 607-4380

Total nitrogen, mg/l 10-40

From Bhaskaran & Chakrabarty (1966) p. 1161.

TABLE 2. QUANTITIES OF CANE-SUGAR WASTES

REPORTED FOR PUERTO RICO

Waste lb (kg)/ton of cane Gal (1)/ton of sugar

Bagasse fibre 240 (109)

Filter cake 60 ( 27)

Condenser waters 30 000 (113 550)a
Concentrated wastes- Unknown

-Floor washings, soda and acid wastes, tank washings, spills. Adapted

from Biaggi (1968) p. 1427.

TABLE 3. SUMMARY OF SUGAR BALANCES
FOR 17 PULRTO RICO FACTORIES

(EXPRESSED AS PER CENT. OF CANE WEIGHT)

Source Minimum Average Maximum

Total sucrose 9.274 10.948 (100) 12.797

Sucrose recovered 7.199 8.479 (77.45) 10.040
Losses in:

Bagasse 0.719 1.01 (9.23) 1.336

Molasses 0.817 1.122 (10.25) 1.337

Filter cake 0.095 0.212 (1.94) 0.483

Miscbllaneous 0.077 0.123 (1.13) 0.525

Total losses 1.663 2.468 (22.55) 3.081

Figures in parentheses represent averages expressed as per

cent. of total sucrose.

Adapted from Biaggi (1968) p. 1429.
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TABLE 4. POLLUTIONAL CIARACTERISTICS OF

CONDENSER WATERS IN PUERTO RICO

Cane Flow Solids, mg/l 5-day, 20'C BOD

processed mgd Total Suspended 1g/1 lbs/day lbs/ton

tons da of cane

4 000 17.0 180 56 70 9 900 2.47

1 500 2.0 190 13 72 1 200 0.80

4 000 15.8 250 0 130 17 100 1.28
2 400 7.2 260 43 69 4 100 1.73

5 400 5.7 310 96 32 1 500 0.28

7 000 31.7 - - 90 23 800 3.41

1 800 12.9 200 20 79 8 500 4.72
3 600 Recirculated 690 84 - - -

5 000 12.9 525 45 59 6 400 1.27

3 400 12.0 190 20 90 9 000 2.65

6 000 Recirculated 366 20 - - -

3 000 10.0 280 43 185 15 400 5.14

1 800 7.2 995 20 147 8 800 4.91

4 200 12.5 - - 90 9 400 2.23

700 4.3 700 100 183 6 600 9.38
3 750 8.0 - - 75 5 000 1.33

1 450 4.4 770 230 - - -

4 214 10.8 421 56 97 9 050

4 000 10.0 335 43 84.5 8 750

Note: Average BOD of water entering mills for cooling purposes was

8.06 mg/l (range = 0.9 to >25).

Adapted from Biaggi (1968) p. 1430.

TABLE 5. VOLUME AND CHARACTER OF WASTES FROM

CANE-SUGAR PRODUCTION IN LOUISIANA

(BASED ON 2400 TONS/bAY CANE)

Flow / 5-day BOD BOD icad kg/d Solids, mg/l
Waste water gal/min mg/l ib/day Total Suspended Settle

Cane wash- 1 000 63 680 8 157 3 703.28 2 900 2 104 17

water 500-5000) (31.5-315) (300-1000)

Floor wash- 100 6.3 378 453 205.66 - -

ings and

boiler blow-

down

Soda and acid 10 0.63 - -

wastes

Condensen, 5 000 315 69 4 138 1 878.65

waters (2-600)

Totals (rounded 6 100 384 12 750 5 788

BOD/ton of cane 5.31

Principal pollutants are NaOH, NaCI, IHC1.

Assumes once-through operation. Temperature = l1O-130"F (43.3 - 54.5"C).

Adapted from Keller (1959) p. 8.

V-110



REFERENCES

Bhaskaran, T. R. et al. (1961) Treatment and disposal of sugar
factory effluents, New Delhi Indian Council of Medical Re-search (Special report series No. 39) Sug. Ind. Abstr.,
1963, 25, 57

Bhaskaran, T. R. & Chakrabarty, R. M. (1966) Pilot plant for
treatment of cane-sugar waste, J. Wat. Pollut. Control Fed.,
38, 1160-1169

Biaggi, N. (1968) The sugar industry in Puerto Rico and its rela-tion to the industrial waste problem, J. Wat. Pollut. Con-
trol Fed., 40, 1423-1433

Guzman, R. M. (1962) Control of cane sugar wastes in Puerto Rico,
J. Wat. Pollut. Control Fed., 34, 1213-1218

Jensen, L. T. (1965) Sugar. In: Gurnham, C. F. ed. Industrial
wastewater contro, New York, Academic Press, pp. 133-145

Keller, A. G. (1959) An industrial waste guide to the cane
industry, Washingt-6n', D.C., Govt. Printing OfT-e (U.S.Pub-
licH-ealth Service Publication No. 691)

Keller, A. G. & Huckabay, H. K. (1960) Pollution abatement in thesugar industry of Louisiana, J. Wat. Pollut. Control Fed.,
32, 755-760

Stone, R. (1951) Sugar cane process wastes, Sewage Ind. Wastes,
23, 1025-1028

V-l.



SELECT BIBLIOGRAPHY

Anon (1952) Cane sugar bagasse offers new source for newsprint,
Chem. Engrg News, 30, 2708

Biglane, K. E. (1958) Some current waste treatment practices in
Louisiana industry. In: Procee ls of the 13th Industria
Waste Conference, Purdue University, Lafayette, Indiana, pp.
12-260

Chakrabarty, R. N. (1964) Cane sugar wastes and their disposal,
Environ. Hlth (Nagpur), 6, 265-273

Chakrabarty, R. N. et al. (1963) Treatment of cane sugar wastes
in stabilization ponds. In: Proceedings of Symposium on
Waste Treatment b Oxidation Ponds, Nagpur, October 1963,
Nagpur, Central Public Health Engineering Research Institu-te

Duvall, A. R. (1967) Hawaii's hydroseparator systems transform
cane-cleaner effluent, Sug. Azuc., 62, No. 10, 31-33, Wat.
Pollut. Abstr., 1968, 41, Abstr. No.-2354

Edeline, F. & Leclerc, E. (1957) Study on some installations for
the sedimentation of waste waters from sugar refineries,
Trib. CEBEDEAU, 36, 135, Wat. Pollut. Abstr., 1959, 32,
XE-E. No. 519

Gibbons, M. M. (1960) The treatment of cane sugar mill wastes,
Revista del Colegio de Ingenieros de Puerto Rico, 10, 123

Godchaux, W. (1954) Sugar refinery waste problems. In: Proceed-
__s3d nna VWater S *

i3rd Annua e smposlum on Water Pollution, Loui-
siana State University Engineering Experiment Station, Bul-
letin No. 43

Isacks, A. J. (1946) Nature and disposal of cane sugar factory
wastes in Louisiana. In: Water Conference. Stream Control
Commiss'-on, Baton Rouge, Louisi na, pp. 37-39

Keller, A. G. (iq53) Water usage and conservation in the Louisi-
ana sugar industry. In: Proceedings 2nd AnnuaF SyosiuTm.
on Water Conservation and Industrial Developmen , Louisiana
State University, Engineering Experiment Station, Bulletin
No. 38

Lafleur, R. A. (1961) The sugar factory pollution abatement in
Louisiana - The cas-e-history ofa drainage basin. In: Pro-
ceedings of---e-16th Industrial Waste Conference, Purdue
University, Lafayette, Indiana, pp. 212-216

Wheeler, J. E. (1955) Water pollution and the sugar industry.
In: Proceedings 4tHnnual Water Sy-mposium, Louisiana State
University Engineerlng Expeiment Station, Bulletin No. 51

v- 1 ~.2



Wheeler, J. E. & Keller, A. G. (1956) Pollution abatement in the
Louisiana sugar industry. In: Proceedings t Annual Wae-r
Symposium, Louis1ana State University Engineering Experiment
Station, Bulletin No. 55, pp. 31-45

Wheeler, J. E. & Keller, A. G. (1956) Water pollution and the
sugar industry. Sug. J. (April) pp. 29-23

Yarbrough, M. V. (1946) Water quality and quantity requirements
for cane sugar manufacture in Louisiana. In: Water Confer-
ence, Stream Control Co-mmss-on, Baton Rouge, L'ouisiana, pp.
29-36

V-113



GUIDELINES FOR THE CONTROL OF INDUSTRIAL WASTES

5. PULP AND PAPER MANUFACTURING WASTES

by

James C. Lamba

CONTENTS

Page

PREFACE ...................................................... V-115

1. INTRODUCTION ........................................... V-116

2. MANUFACTURING PROCESSES ............................... V-116

2.1 Generalized flow sheet ........................... V-116
2.2 Wood preparation ................................. V-117
2.3 Pulping processes ................................. V-117
2.4 Bleaching ......................................... V-118
2.5 Paper manufacture ................................. V-I.8

3. QUANTITY AND CHARACTERISTICS OF WASTE WATERS .......... V-119

4. RECLAMATION AND RECYCLING ............................. V-120

5. TREATMENT AND DISPOSAL OF WASTE WATERS ................ V-121

6. SURVEY AND APPRAISAL ................................... V-123

REFERENCES .................................................. V-131

SELECT BIBLIOGRAPHY ......................................... V-131

a Professor of Sanitary Engineering, University of North Carolina,
Chapel Hill, NC., United States of America.

V-114



Preface

The satisfactory disposal of industrial effluents is a major
problem causing growing concern to public health authorities.
Direct discharge of wastes into water courses may deplete dis-
solved oxygen, destroy aquatic life, and make the stream unfit
for community water supply and other beneficial uses. On the
other hand, the discharge of some industrial effluents into muni-
cipal sewers may have damaging effects on sewers or overload the
sewage treatment works. Public health authorities are also aware
of possible long-term physiological effects of some new organic
chemicals which are found in industrial effluents, many of which
are not removed by conventional treatment processes. Highly
persistent detergents, pesticides and other toxic wastes have be-
come serious problems in developed countrie~s and will in time
present a similar threat to developing countries.

In the developing countries the situation is particularly
serious in view of the scarcity of qualified professional person-
nel (sanitary engineers, chemists and biologists), analytical
laboratories, and finances for planning and operating industrial-
wastes control programmes. It is important to consider the pro-
blem not only as it is at present, but also in the light of
expected population increase, and of urban and industrial growth.
Early government action is required for determining the extent of
the problem and forplanming and implementing efficient measures
for the control of industrial wastes discharges.

This is one of a series of documents prepared by the World
Health Organization covering the most prevalent industries in
developing countries. The objective of these guidelines is to
assist the responsible staff of health agencies and of other
regulatory authorities to carry out surveys, interpret laboratory
findings, advise industries on inplant remedial measures and dis-
posal of wastes, and make recommendations concerning acceptance
of wastes into municipal sewers. The first document in this
series described the problem in general terms, and advised on how
to carry out urveys and institute programmes of industrial
wastes control. The guidelines dealing with wastes from speci-
fic industries cover a description of the manufacturing process,
with flowchart, the quantity and characteristics of wastes in-
cluding health hazards, reclamation and recycling practices,
methods of treating and disposing of wastes, suggestions for
surveying and appraising existing facilities, and selected refer-
ences to the literature.

It is planned to revise and update the documents from time
to time by including information on new processes and procedures
with spe._cial reference to experience in developing countries.
Information and suggestions in this connection will be welcomed
by the Organization.

iDocument WHO/WD/70.6.
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1. INTRODUCTION

Pulp and paper manufacturing is one of the largest indus-tries in the world and has exhibited rapid and steady growth.Increased need for the wide variety of materials produced by thisindustry and continued development of many new products and usesfor them promise extensive further growth over many years into
the future.

Products supplied by the pulp and paper industry have beenclassified into four major categories: fine papers, coarsepapers, tissues, and specialties (Gehm, ic65). The fine papersinclude writing materials, papers used in maLy types of qualitypublications, and white papers in general. Coarse papers com-prise newsprint, wrapping papers, boards used to manufacture con-tainers and many types of building products. Tissues consist ofspecial wrapping papers, utility tissues and glassine. The spe-cialty products encompass a wide variety of materials, including:electrical insulation, cigarette papers, photographic stock,cards and papers used for printing money.

Manufacture of the wide variety of items produced by thisindustry involves an extensive array of processes, each of whichhas been developed to permit economical manufacture of one ormore products meeting certain specific performance and appearancecriteria. As expected, the application of many types of manufac-turing processes to a variety of raw materials to poduce substan-tially different end products leads to great diversity in charac-teristics and effects of waste-water discharges from those opera-tions. In general, however, water usages are high in pulp andpaper industries because water is a basic raw material used formany purposes including transportation of raw and intermediatematerials, preparation of chemical solvents and additives, andremoval of undesirable constituents and by-products.

Accordingly, water pollution problems in the pulp and paperindustry are varied and frequently reach major proportions. Pol-lution problems and methods for their solution long have been thesubject of extensive investigations by many segments of the pulpand paper industry and other interested organizations.

2. MANUFACTURING PROCESSES

2.1 Generalized flow sheet

Pulp and paper manufacturing operations conveniently can bedivided into steps related to the (1) production of pulp fromwood or other raw materials, (2) further treatment of the pulp,and (3) manufacture of the paper product. Raw materials mostcommonly used for pulping include wood, flax, cotton, rag, straw,hemp, esparto, jute, bagasse, and waste paper.
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Some mills may execute only part of the operations involved
in manufacturing a finished product. For example, some special-
ize in conversion of various types of raw materials to pulp,
which subsequently may be shipped elsewhere for production of the
final paper in other mills. Many manufacturing processes could
be used for each step of the operation depending upon the nature
of the raw materials and specifications for the product. Because
of the number of variables involved and limited scope of Lhis
paper, it is not feasible to review all or even most combinations
here. Fig. 1 presents a generalized flow sheet for a typical in-
tegrated mill in which all of the basic operations are executed,
as practiced at many locations today. The major steps outlined
for preparation of paper, beginning with wood as the raw mater-
ial, consist of: (1) wood preparation, (2) the pulping process,
(3) bleaching of the pulp and (4) manufacture of the paper pro-
duct.

2.2 Wood preparation

Wood preparation includes steps involved in the transporta-
tion and preparation of wood for pulping. This often is based on
moving wood by water carriage in flumes, washing and debarking.
Water used in these operations may accumulate extensive concen-
trations of bark particles, wood slivers and silt, as well as
solids dissolved in the water by leaching sap and other materials
from the wood.

Usually most of the bark is separated as a solid waste and
may be disposed of through dumping, incineration, composting or
recovery for manufacture of by-products.

If the wood is to be pulped through chemical action, it is
chipped to produce uniformly-sized particles small enough to
facilitate chemical digestion. This step may be unnecessary in
the groundwood pulp process where the wood is mechanically
ground.

2.3 Pulping processes

The several types of pulp most commonly produced include
groundwood (mechanical pulp), chemi-groundwood, kraft (sulfate),
sulfite, neutral sulfite and semi-chemical pulp.

In mechanical pulping, pieces of the log are pressed against
revolving grindstones in the presence of water. This type of
operation is used to manufacture newsprint, low-grade sanitary
tissue and paperboard. In the chemi-groundwood process, the log
is cooked before grinding, producing a pulp which drains more
rapidly and has greater strength than groundwood pulp.

Kraft pulping uses an alkaline sulfate solution to dissolve
lignin and other constituents of the wood which bind thE cellu-
lose fibres together. This action releases the fibres foi use in
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manufacture of the paper product. The technique offers the ad-vantage of producing a higher quality pulp which often is usedfor making brown wrapping paper and similar materials.

The acid sulfite process is based on digestion of wood chipsin an aqueous solution of calcium bisulfite and sulfur dioxide.
In new mills, more stringent pollution control regulations have
led to selection of magnesium, ammonium, or sodium bisulfite in-stead of calcium bisulfite because of the possibility for pro-ducing a waste liquor more amenable to chemical recovery.

The semi-chemical process uses relatively mild chemical
treatment to soften the chips, which subsequently are separatedmechanically. This approach produces a higher yield of pulp.

After cooking, contents of the digestor are released into ablow tank for separation of vapours and spent liquor from the
stock. The crude pulp from this operation is screened and washed
to separate coarse from fine fibres and to remove dirt, residualchemicals, and foreign matter. The purified pulp then is thick-
ened, often by use of vacuum filters, before bleaching.

2.4 Bleachinq

Bleaching is necessary where it is desired to brighten thepulp, the specific type of bleaching operation depending oncharacter of the pulp and desired end-product. Chemicals mostoften employed for bleaching are oxidizing agents, including
chlorine, chlorine dioxide, hypochlorites, peroxides, and hydro-
sulfites. Often the bleaching operation may involve severalstages with water used for washing and leaching of extractable
materials after each step.

2.5 Paper manufacture

In stock preparation, the pulp is prepared for forming intoa sheet of paper, often with addition of chemicals to produce a
product of desired characteristics and finish. Operations inthis phase may include beating and refining, mixing, addition offillers, sizing, wet-strength resins and colouring materials.

The pulp is converted into a sheet on the paper machine byformation of a wet web, removal of water by pressing, and removal
of additional water by heat. Frequently, this is accomplished byflowing the slurry of fibres in water on to a moving 4-denier
wire screen to form the wet sheet, excess water being removed by
passage through the wire. The wire and sheet then pass through aseries of press rolls for removal of additional water and thesheet travels through steel smoothing rolls. Finally, the sheet
is carried through a series of dry rollers heated by steam.

Finishing and converting operations prepare the paper forshipment and may include improvement of the surface finish, re-winding, cutting into sheets, or other similar operations. Most
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of these are basically dry in character and little liquid waste
originates here, except for clean-up and occasional spills.

3. QUANTITY AND CHARACTERISTICS OF WASTE WATERS

Pulping blowdown liquor represents a major source of pollu-
tional materials from pulp and paper mills. These waste waters
generally are high in BOD nad in colour caused by lignin deriva-
tives, and other decomposition products of wood, formed and re-
leased during the cooking process. The flows generally are rela-
tively small in volume but highly concentrated in chemical con-
stituents, providing a high proportion of all pollutants in the
plant effluent. Accordingly, major impact on character of the
overall plant effluent can be realized through recovery or sepa-
rate disposal of the blowdown liquors. Wastes from bleaching
operations also contain very high concentrations of BOD and
dissolved constituents. Waste waters from the paper machine gen-
erally are more dilute and contain fibres and fillers. Using
savealls, most of this water can be recycled within the machine
and excess flow used to dilute stock or to satisfy other needs in
the mill.

Table 1 summarizes the current range of effluent flows which
may be expected in the United States of America from manufacture
of various types of pulp and paper products (Gehm, 1965). The
quantitites of waste water discharged differ radically among the
several manufacturing processes and also may vary widely from
plant to plant of the same type. These variations often are a
function of age of the plants, newer ones usually using less
water per ton of product because of growing pressures for water
conservation and pollution control.

Table 2 summarizes suspended solids and BOD loadings for
various types of pulp and paper manufacturing plants (Gehm,
1965). The same author points out that BOD in effluents from
pulping operations, without considering recovery, vary inversely
with pulp yield of the process. Accordingly, mechanical pulping
plants which yield pulp representing a high propoltion of wood
used have relatively low discharge BOD per ton of pulp. Chemical
pulping processes produce substantially lower yield but higher
quality pulp and may discharge two to three times as much BOD per
ton of product.

Table 3 presents a more detailed listing of waste water
discharges and pollutional loadings from various types of pulp
and paper operations, as reported in an extensive waste water
profile for pulp and paper industry in the United States of Amer-
ica (Anon., 1967). Table 4 has been calculated from average
values for integrated pulp and parer mills in Table 3 to illus-
trate the magnitude of waste water flows and pollutants in this
flows as revealed by that survey. Total flows, loadings, and
population equivalents were calculated for a 300-ton per day mill
and show the major potential impacts of such facilities. It
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should be noted that the impact actually could be *.i1ch larger bya mill practicing less than normal care in water conservation and
inplant pollution control efforts.

4. RECLAMATION AND RECYCLING

Waste reduction practices in the pulp and paper industry are
of major importance in influencing quantities and characteristics
of waste water discharged. Techniques which have bene employed
successfully include water re-use, chemical recovery, fibre andsolids recovery and many types of manufacturing process improve-
ments. Table 5 shows the extent to which various process modi-
fications could reduce waste water discharges from processes
often found in "older" types of mills. In each instance, thepotential estimated reduction in waste water is given relative to
conditions which could be expected under "before" conditions as
indicated in each section of the Table (Anon., 1967). The poten-
tial impact of water re-use or other inplant modifications isshown to be drastic in many instances and the importance of this
approach to pollution control in the pulp and paper industry
should be evident.

It is estimated that about 80-90% reduction in waste loads
and 70% reduction in waste water flow from wood preparation
processes could be attained through water re-use. Adoption of
the "long log" preparation method could reduce waste loadings as
much as 95% and flows up to 85%.

Re-use of water in pulping processes can reduce waste water
loads significantly and recovery of cooking liquors can result in
reductions of 60-90%. Waste reductions of 20-60% from the pulp
screening process may be obtained currently by partial water
re-use, but complete elimination of this flow could be attained
in the future with additional inplant --ecycle.

Recirculation in multi--tage bleaching operation reduceswaste water loads by 30-80%. Fibre recovery and white waterre-use in paper machine operations can reduce waste loads by
20-60% and flows by 60-80%.

By-product recovery from certain spent liquors in the pulp
and paper industry has been succe3sful for turpentine and tall
oil. Some small mills manufacture other by-proiucts including
lignin sulfonates, acetic acid, formic acid, yeast and alcohols
(Anon., 1967; Gehm, 1965). About 10 mills in the United Statesof America produce by-products, accounting for 10-15% of the
liquor produced, but the market for these materials is limited
and several of the products can be produced more economically
from other materials. Two papers provide excellent information
on this subject (Anon., 2963; Wiley & Holderby, 1960). Other
by-products which have been investigated or actually produced for
market from pulp and paper wastes including roofing felts, heat-
ing insulation, and cheap paper manufactured from bark. Spent
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sulfite liquor has been utilized in production of emulsions for
insecticides, scaling inhibitors, tanning agents, fertilizers,
flotation agents, well-drilling lubricants, additives for storage
batteries, reinforcing agents for rubber, and road binders.

In spite of major activity in this area, the production and
sale of by-products from pulp and paper waste water flows does
not appear to be attractive and the general trend is towards in-
stallation of recovery systems and substitution of pulping pro-
cesses offering better possibilities for chemical recovery.

5. TREATMENT AND DISPOSAL OF WASTE WATERS

The treatment systems most commonly applied to pulp and
paper waste waters are similar in principle to those used for
many other types of wastes including municipal sewage, care being
exerted to develop and use design parameters appropriate to the
specific waste water in question. Table 6 summarizes levels of
performance which may be expected in pulp and paper waste water
treatment systems incorporating various types of elements. Pri-
mary treatment consists of sedimentation or flotation for removal
of suspended matter and may attain 50-95% removal of suspended
solids and 10-50% removal of BOD. Secondary treatment is based
on biological processes to remove biodegradable materials and,
depending upon type and design, can attain 30-95% BOD removal.

Suspended solids in pulp and paper mill wastes include
fibres, clays, other filling and coating materials and debris.
Usually, most of these materials are removed from machine waters
by some type of saveall and returned to the system for re-use.
Where further treatment is necessary, the most common approach is
sedimentation in mechanically cleaned clarifiers similar to those
used for many other types of industrial and municipal waste
waters. Some mills use multiple earthen basins, arranged to per-
mit intermittent excavation of solids, but sometimes odour pro-
blems have resulted. Where higher removals of suspended solids
are required, coagulants such as alum, activated silica, and
polyelectrolytes may be used to improve performance to 90% re-
moval or higher. Clarifier commonly are designed for overflow
rates o; 600-1000 US gal/ft of surface area per day (25 000-40
000 1/m /day).

Activated sludge systems can attain very high BOD removals
when properly designed and operated. Where land is moderate in
cost many pulp and paper mills have adopted aerated lagoons,
which are similar in principle to activated sludge but have no
return sludge or final settling facilities, with much longer
aeration periods - usually 3-10 days. Where land is cheap,
stabilization basins offer additional advantages because the long
detention periods minimize process upsets, and operating costs
are minimal because the system requires little attention. Design
of oxidation pond for pulp and paper wastes is similar to munici-
pal sewage treatment practice, with units 3-5 ft (0.90-1.50 m)
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deep loaded at about 50 pounds of BOD per acre per day (23
kg/ha/day).

Although trickling filters have been applied to a few pulp
and paper mill waste waters, presence of fibres occasionally has
caused plugging of stone media (Anon., 1967; Gehm, 1965; Wald-
meyer, 1957). Systems with plastic media have been used success-
fully in several installations as roughing filters for partial
removal of BOD, sometimes before further treatment or discharge
into municipal systems. This approach also offers the advantage
of waste cooling before further treatment, which occasionally is
desirable.

Properly designed irrigation systems can be used success-
fully for treatment and disposal of these waste waters. Appli-
cation rates vary from 10,000, to 100,000 gal per acre per day
(93 500-935,000 I/ha/day) and loadings should be less than 200 lb
of BOD per acre (225 kg/ha) per day. Land requirements for this
approach are high (40-50 acres per m.g.d. of effluent) (4.3-5.3
ha per 1000 m /day) offering serious economic disadvantages in
many areas. Also the potential for groundwater contamination
must be recognized, especially when highly coloured pulping
liquors are applied to the soil. The potential for disposing of
waste waters by this technique usually is maximum during drought
periods, when stream assimilative acpacities are minimum and
demand for irrigation water is maximum. On the other hand, this
approach may offer disadvantages in hilly terrain or in freezing
climates.

Sludges withdrawn from the primary clarifier and biological
treatment system usually must be thickened before disposal.
Techniques which have been employed include gravity thickening of
mixed primary and secondary sludges, air flotation, centrifuga-
tion and vacuum filtration. Ultimate sludge disposal has been
accomplished by land filling and lagooning with other waste
materials such as bark, grit, ashes and other debris. Where high
land costs and regulations have justified more expensive approa-
ches, incineration has been employed. Techniques which have been
considered for separate disposal of strong wastes include recov-
ery of chemicals and deep well disposal.

Other treatment systems which have been investigated exten-
sively for possible future application to pulp and paper waste
waters include filtration for removal of BOD and COD, chlorina-
tion or ozonation for removal of bacteria, activated carbon ab-
sorption, mass lime treatment for colour removal, and separation
of inorganics by electrodialysis, reverse osmosis and ion ex-
change. These approaches have not yet been employed to a signi-
ficant extent in practice, except for experimental purposes.
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6. SURVEY AND APPRAISAL

The importance of inplant operations and controls in solving
pulp and paper waste water problems has been indicated earlier.
Serious consideration should be given to recovery of chemicals
and separate collection, treatment and disposal of concentrated
cooking liquors. In many instances, this approach may include
modifying of the cooking process to use chemicals more amenable
to subsequent recovery.

Survey of waste water pollution problems in pulp and paper
mills should include careful evaluation of water use and re-use
patterns in the installation. Major reductions in waste water
discharges and pollution loads often can be attained through
economical inplant modifications. Now it is common practice to
provide savealls for recovery of fibres and other raw materials
within the manufacturing process and opportunities for reduction
in waste water discharges by this technique should be given care-
ful consideration.

Great care should be exercised in sampling waste water
streams to ensure accurate flow metering and collection of sam-
ples truly representative of the discharges. Blowdown from cook-
ing processes usually are intermittent and without careful eval-
uation could lead to grossly erroneous conclusions about overall
characteristics of the mill effluent. Discharges from paper
machines are less variable but offer difficulties with respect to
continuous sampling because of suspended solids content.

Analytical measurements should be conducted in accordance
with proven procedures. Suspended solids and BOD determinations
usually do not offer special difficulties. Determination of
dissolved oxygen in mill effluents and in streams receiving such
discharges may suffer from interferences by waste water consti-
tuents. One approach which has been proposed to circumvent this
type of problem is the use of membrane-covered oxygen electrodes.

Usually, use of the dichromate COD test to predict BOD
values in raw and treated waste waters has proven rather unsatis-
factory. However, some mills have found reasonable correlation
between certain non-standard COD tests and BOD. In particular,
some employ a version of a permanganate COD test in preference to
the dichromate method.
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TABLE 1. EFFLUENT FLOWS FROM MANUFIC.2URE OF PULP AND PAPER PRODUCTS

(Gehm, 1965) p. 359

Process US gal per ton*

Pulp manufacture
Kraft and soda pulps 15000 - 35 000
Sulfite pulp 40000 - 60000
Semi-chemical pulp 30000 - 40000
Groundwood pulp 4 000 - 10000
Deinked pulp 20 000 - 35 000

Pulp bleaching
Kraft and soda pulp 15 000 - Co 000
Sulfite pulp' 30 000 - 50 000
Neutral sulfite pulp 40 000 - 60 000

Paper manufacture
White papers 20 000 - 40 000
Tissues 8 000 - 35 000
Kraft papers 2 000 - 10 000
Paperboard 2 000 - 15 000
Specialty papers 20 000 - 100 000

US gal per ton = 4.17 litres per metric ton.
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TABLE 2. EFFLUENT LOADS FROM PULP AND PAPER MILLS

(Gehm, 1965) p. 363

lb per ton of product*
Ef fluent

Suspended solids 5-day ROD

Kraft and soda pulp 20 - 30 25 - 50
Groundwood pulp 40 - 80 15 - 25
Sulfite pulp (no liquor recovery) 20 - 40 400 - 600
Neutral sulfite semi-chemical pulp 100 - 180 250 - 450
Textile fibre pulps 300 - 500 200 - 300
Straw pulp 400 - 500 400 - 500
Bleaching 6 - 35 12 - 200
Deinked pulp 500 - 800 100 - 130
Fine papers

Tissue 50 - 100 15 - 30
Bond, mimeo, and printing 50 - 100 20 - 10
Glassine 10 - 15 15 - 25

Coarse papers
Boxboard 50 - 70 20 - 40
Corrugating board 50 - 70 25 - 60
Kraft wrapping 15 - 25 5 - 15
Newsprint 20 - 60 10 - 20

Specialty papers
Fibre 200 - 300 140 - 170
Asbestos 300 - 400 20 - 40
Roofing felt 50 - 100 40 - 60
Insulating board 50 - 100 150 - 250

1 lb per ton = 0.50 kg per metric ton.
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WASTEVAIRy LAD1NS AND FLWS FUN TYPICAL PULP AND PAPER OPERAV105

Vesaled. is .b...t prduct a- Watewater
Quantittee a

Proeses Total 3olids nB

A. Weed Pr pe atlaO 1.9-40 0,1*".0 13 2-10 3 .5-1.0 1100-10.00 3,400

B.Pulpihg
Groundimeed--
Sufte (Kraft)

slow Tor (0.7) .. (21.0) 21 (1.3) 1 (12) (1.000) 1.000

Dirty Ceedenaato 0-0.5 0. 1 ,6~-11 7 4.5-9.0 a 9.3410 .950-1,900 1,20.0

[vaportor Ejector 0.06-0.2 0.1 1-3. 2 1.6-4.5 3 9-10 290440 300

Cousteielrng Waste 2.2-5.7 5 441-240 101 8.0-10.5 9 9-11.0 400-9,600 2,500

* Gross brip (1.0) 1 (22) .22 (1.0) 1 (12) (200) 200

floor Deali 0.5-10 6 11.0-11.5 11 0.3-1.7 1 11.6-12 340-530 400

Sub-lotal 17 23 9.5-12.0 5,600

hultito
Sulo Tewa 0,42-1.9 1 36-348 247 29-194 116 2.2-2.9 1,840-1.950 1,900

Condensate 0.05-0.2 0.1 18-87 47 41-71 66 2.3-3.1 750-1,700 10100

Uncollected Liquor 0.3-43 21 50-515 105 5041 53 2.2-2.6 2.000-10,000 7,500

Acid IPLat Wastes (5) 3 (10) 10' -- (1.2) (300) 300

saller Ilandowe (2) 2 (22) Z (0.03) 0.05 (100) 100

Sub-otal 411 235 1.2-2.9 10,900

Somicuheiaal
slw Ter (2) 2 (3) I (1) 1 1,000) 1.000

Coedolasto (0.1) 0.1 (2) 2 (3) 3 (2,000) 2.000

Rcevery system (9) 9 (150) 110 (3) i (2,000) 2,000

Ucellected IUquor (11) U1 (40) 4 (18) 1 (2,000) 2.000

Sub-tatl ,(22) 22 30 2.5-4.0. 7.000

Delaklas
All e"rcel - 11-25 - 9,700-36,0 -

C. Pulp scresmiusOrdvoed . - -

Sulfate (Kraft) -. 0 4 6-43 42 10-,1 14 9-10 900-9,600 3,400

Sulfite 1.7014 I 27 22-10.7 a 5.4-5.7 1,700-14,300 6.000

Semiche"lc e -

DeLiktal -

- . Pulp 111ebias & Thickaale
Groandweed (so V elol) 9-14 11 $1-107 73 22-43 33 5.0-6.25 4,500-10,00 7,500

Sulfate (Krtat) 10-36 15 94-IN 142 10-33 25 1.-9.4 3,000-11,000 7,000

Sulfite 6.-9.0 a 48-1037 131 7.4-34.0 11 2.4-3.9 1,800-15,000 7,500
Seawcbeou.ial 0.-4.0 3 42-141 93 10-42 24 7.0-7.9 2,400-7,500 5.400
Delakieg . ... ""

E. 1loock8UG
- Grounduged - - 4,000

Sulfate (Kraft) 14-124 60 216-294 240 8-80 30 12,000-32.000 19.000

Sulfite 4-44 13 131-41U 220 17-44 25 2..1-. 9,000-30,000 15,000
Senich tal - - - - - --... .
Denkiag - 6 - 123 - 12 - -- 3.500

F. Paper naki
"n

4

anoral 10-164 4 31-391 119 3-0 16 4.3-4.9 5,700-40.000 13.000
Proucte Related:

Nenprit 20-4 . 40 - - 10-20 15 -- 37.000 --

U1,4',,a ttd Gromadwood .. . ... .. .. ......

.caled Pri tine Paper ... ... .........
tjmvuatqd Book Paper -- N -- 111 - I -- S,000-ZRtO 14,0

wie Paper 41-100 73 - 1) 15 1-40 20 -- 9,000-I.Iio . II.O(tA)

l,.Or,e Paper 10-30 li -- 10-25 iS 2.000-29.0m0 0.000

Paper 200-400 300 -- 140-170 153 -- 20.000-100.000 --

Sanitary & Tieom
Paper 50-100 so 20 15-30 22 -- 8.000-37.000 14,000

C. Total Hill Effluent
(Integrated Pulp & lper

Mille)
Ioached Sulfate I

Paper 50-200 170 200-1300 81O 30-220 120 - 19,000-54,000 4s,000
Iieahed Sultits 16

Paper 40-100 100 WO-1700 1140 235-430 330 -- 40000-70,000 15,000

I single pierr0 of data are entered under the "ltante" column with patethosis.
I Tho mean values shown are sot truly taetistical averagle they are considered to be probable average valu

e s based on the

- -il.hie data. .

" .inklng priweie I ludee pulping, screenin, waaling, and thickening.

m atelvra Irom papersekind Include those Ir,= etu.k preparation, paper Iothime, and fininhing and converting operations.

3" plb r tnn - 0.50 g per metr
i 

ten

*I URl oal gor tont 4.1? litre per metric, toen V 127



TABLE 4. ILLUSTRATIVE FLOWS AND LOADINGS FROM HYPOTHETICAL 300 TON/DAY

INTEGRATED PULP AND PAPER MILLS, BASED ON DATA "G" TABLE 3

Bleached BleachedCharacteristic sulfate sulfite

and paper and paper

Flows:
Average, m.g.d. 14 17
Range, m.g.d. 12 - 16 12 - 21

ROD:
Average, lb/day 36 000 99 000
Range, lb/day 9 000 - 66 000 70 000 - !29 000
Average, mg/l 320 720

Suspended solids:
Average, lb/day 51 000 30 000
Range, lb/day 15 000 - 60 000 12 000 - 3C 000
Average, mg/1 435 210

Population equivalent* 216 000 594 000

Based on 1/6 lb (0.075 kg) BOD 5 per day per capita.
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IPO=]ITAL WTS1 UM C7I0I1 91VIClNCill Of VAAJOU3 MlOCISS NMIFICATIOPS '

suspended Dissolved Total Wilts Water

.Sslded sold ol 800 Water
Processes and Alternatiwe Subproceese lelidi Solid. • Slid. O00 Volim .

A. Wood Preparation'(No Water Reusae) 0 -0 0
With Water Roue. -- 93 72
Long Ll reprato . - - - 99 8 6

-. Pulping

M..;...echanical fAIPInR0 3
Growdwood
RIficing Mechanical Pulp 01 , "1

Slulfate ( reft) Pulping (latch, no ...s) 3 0 S 0 0
-.- latch Procesc With Water aueee 37 47 " 50 72

Coetinuous Procaesins t K9 42 47 . 77

Sulfite Pulpima (Ca lass, no Louse) 00 0 0 0

Calcitu lame with Water l ra.. 24 34 33 35 29

Soluble Usaes with Liquor Rmcovery 71 84 37 so 57

lamichamsicel Pulping (MIS5C latch Process) 0 0 0 0

MISC Kraft Batch Procss with Water Lauee 53 38 -29 30 32

Deinkiing (Cooking and Wahing Without Reusae) - 0

. Nlp Screening
Sulfate (Kraft) Pulp (Screening Without Reue) 0 0 0 0 0

Scroeing with Partial Water Raue "" is 8 23 22 62

S.raonig sand Cleaning With Water tau" (100) (100) (100) (100) (100)
4" r-

Sufite (Screening Without Reuse) 0 • 0 30 0

creeIng with Parkial Wate . ua " 43 23e 3 34

Screaming and Cleaning With Water Louse (100) 100) (100) (100) (100)

. Pulp Washig and Thickening

Mcham cal Pulp (Thickening and Cleaning With Decker)

Thickenlng with Vacuum Filtration 3 32 .0 30 35

Thickening sad Cleaning With V. F. $7 77 73 79 61

Sulfate (Kraft) Pulp (Diffuser Washing with Decker TIAckesing) 0 .. S' S 0 0

Vacuum Filter Washing and Thickening . 17 21 20 40 72

aNltietais V.F. Washing and Thickening 17 73 72 81 t0

Sulfite Pulp (I)Lffusar Washing With Decker Thickleing) 0 S 0 0 0

Vacuum Filter Washing and Thickening 72 so 32, 52 62

Multistage V.P. Washing end Thickening 79 75 is 71 90

. Ileaching
Sulfate (Kraft) Pulp (ileaching Without leae) - - 0 - 0

Bleaching With Low Degree of Water Raues - - 40 - 56

Bleaching With High Degree of Water ause - - 9. - 74

Sulfite Pulp (Bleaching Without Reuse) 0 0 0 0 0 0

ileaching With' Low Degree of Water Rouse 0 31 34 37 67

Bleaching With High Degree of Water Rewa. 30 I0 30 72 84

. Paper M eking (Without White Wtea Recovery) 0 2 0 0
With White Water Recovery s 0 5 o 7
With Unprovad Whtite Water Recovery .5 0 5 0 7
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TABLE 6. WASTE REMOVAL EFFICIENCIES OF VARIOUS PROCESSES

APPLIED TO TYPICAL PULP AND PAPER WASTE WATERS

(From: Anon., 1967)

Per cent. of gross waste load removed
Removal method

solids BOD 5  COD 1  Colour2 '1

Primary treatment

Sedimentation basin 50 - 90 10 - 40 10 - 30 -

.Gravity clarifier 3  
60 - 90 10 - 40 10 - 30 0 - 10

Dissolved air flotation 70 - 95 20 - 50 10 - 40 -

Secondary treatment

Oxidation pond 0 - 90 30 - 50 - 0 -10

Trickling filter - 30 - 70 20 - 50 0 - 15

Aerated lagoon - 40 - 85 30 - 60 0 - 10
Activated sludge - 75 - 95 30 - 70 10 - 30

Irrigation - 60 - 95 - -

Sedimentation basin4  60 - 95 - - -4
Secondary clarifier 70 - 98 --

1 Estimated.

2 "True" colour (dissolved).

3 With or without chemical addition and/or flocculation.,

4 As used to remove biological solids in secondary treatment.
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Preface

The satisfactory disposal of industrial effluents is a major
problem causing growing concern to public health authorities.
Direct discharge of wastes into water courses may deplete dis-

solved oxygen, destroy aquatic life, and make the stream unfit

for community water supply and other beneficial uses. On the

other hand, the discharge of some industrial effluents into muni-

cipal sewers may have damaging effects on sewers or overload the

sewage treatment works. Public health authorities are also aware

of possible long-term physiological effects of some new organic
chemicals which are found in industrial effluents, many of which
are not removed by conventional treatment processes. Highly
persistent detergents, pesticides and other toxic wastes have be-

come serious problems in developed countries and will in time

present a similar threat to developing countries.

In the developing countries the situation is particularly
serious in view of the scarcity of qualified professional person-
nel (sanitary engineers, chemists and biologists), analytical
laboratories, and finances for planning and operating industrial-
wastes control progranunes. It is important to consider the pro-

blem not only as it is at present, but also in the light of

expected population increase, and of urban and industrial growth.
Early government action is required for determining the extent of

the problem and for planning and implementing efficient measures
for the control of industrial wastes discharges.

This is one of a series of documents prepared by the World
Health Organization covering the most prevalent industries in

developing countries. The objective of these guidelines is to

assist the responsible staff of health agencies and of other
regulatory authorities to carry out surveys, interpret laboratory
findings, advise industries on inplant remedial measures and dis-

posal of wastes, and make recommendations concerning acceptance
of wastes into municipal sewers. The first document in this

series described the problem in general terms, and advised on how
to carry out furveys and institute programmes of industrial
wastes control. The guidelines dealing with wastes from speci-
fic industries cover a description of the manufacturing process,
with flowchart, the quantity and characteristics of wastes in-
cluding health hazards, reclamation and recycling practices,
methods of treating and disposing of wastes, suggestions for
surveying and apprai'-ing existing facilities, and selected refer-
ences to the literature.

It is planned to revise and update the documents from time
to time by including information on new processes and procedures
with special reference to experience in developing countries.
Information and suggestions in this connection will be welcomed
by the Organization.

1Document WHO/WD/70.6.
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1. INTRODUCTION

Many uses of metal products require finishing to enhance
appearance and protect against corrosion. The total number of
metal finishing facilities in the world is unknown, but one au-
thor (Foulke, 1965) has estimated that there are 15 000-02 000 in
the United States of America, alone. These range in size from
thousands of small shops to very large facilities which may be
associated with manufacturing concerns requiring the finished
metal components or end-products.

Activities in the metal finishing industry have been divided
into three categories: (a) cleaning and conversion coatings, (b)
organic coatings, and (c) plating and anodizing (Foulke, 1965).
A universal requirement in this industry is an adequate supply of
water of appropriate quality, the most important use of which is
rinsing after cleaning, plating, or other operations. The water
may accumulate substantial quantities of metals or other chemi-
cals from cleaning and plating baths and many of the constituents
could have serious environmental impact, if discharged without
proper controls.

None of the waste waters discharged from metal finishing
operat:.ons present problems which cannot be solved through recog-
nized in-plant control techniques or existing treatment proces-
ses, 7ecause ample technology has been developed for this purpose
over the past several years. Nevertheless, it should be recog-
nized that a special problem exists in this industry because a
high proportion of metal finishing shops are small. This situa-
tion often renders impractical capital costs in small installa-
tions or lack of practical methods for their day-to-day operation
(Battelle Memorial Institute, 1968). Accordingly, many small
plants discharge waste waters with little or no treatment direct-
ly into receiving waters or, more frequently, into municipal
sewerage systems. Often small flows may be diluted sufficiently
by other waste waters or the receiving stream to eliminate ser-
ious problems. On the other hand, large metal finishing instal-
lations, or smaller facilities in areas where many are located,
may require extensive waste water controls.

2. QUANTITY AND CHARACTERISTICS OF WASTE WATERS

Most of the flow from a metal finishing plant consists of
rinse waters from plating, cleaning, or other surface finishing
operations. Rinses are used between processing steps to reduce
contamination of solutions and to remove residual chemicals from
the metal upon completion of the finishing operation. It has
been estimated that 1-25 US gallons (about 4-100 litres) of rinse
water is used daily for each gallon of plating solution (Foulke,
1963). However, the flows vary widely from plant to plant, be-
cause of different processes and practices, covering a range ex-
tending from as low as 25% of the plating solution to as much as
50 times that volume.
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In addition to wide flow variations, there may be radical
differences in chemical losses because of the range of practices
employed in metal finishing plants. Waste waters may have pH as
low as 1.0 and up to almost 14 and may contain may types of toxic
metals, depending upon processes employed, including: chromium,
copper, zinc, cadmium, nickel, iron, bariu, precious metals, and
others. Also they may contain high concentrations of cyanides,
cyanates, oils, ketones, solvents, sludges, phosphates, carbo-
nates, silicates, and other potential pollutants. One author
illustrates the wide ranges of waste water character by giving
"typical" rinse water analysis from general plating operations
as, perhaps, 2-76 mg/l hexavalent chromium, 0.5-32 mg/l copper,
0.1-2 mg/l nickel, and 12-68 mg/l zinc. Tables 1-4 contain data
selected from articles by two authors (Foulke, 1963; Lowe, 1970)
giving "typical" concentrations in effluents from metal finishing
plants.

The highly variable flows and concentrations of constituents
in waste waters from metal finishing shops suggest strongly the
impossibility of accurate generalizations about quantities and
characteristics of waste waters from these type of operations.
Thus, in the metal plating industry it is especially important to
survey each facility carefully before attempting to arrive at
final judgment concerning magnitude of problems caused by the
facility and methods best suited for thier solution.

Most attention in control of metal plating wastes is direc-
ted towards rinse waters because of their large volumes. How-
ever, it must not be overlooked that serious pollution sometimes
results from periodic or accidental dumping of concentrated plat-
ing or cleaning solutions. Spills or leaks of concentrated
baths, waste waters from clean-up operations, sludges, filter
cakes, and ion exchange rcqenerants may cause serious difficul-
ties if handled in haphazard fashion. Normally these wastes
should not be discharged directly into the disposal system but
should be hauled away or treated batch-wise, using procedures
adapted from techniques used for treating rinse waters.

Concern for control of most metal finishing waste waters is
based on the presence of acids, alkalies, heavy metals and cya-
nides. Generally, BOD-causing constituents are present only in
relatively small quantities and are not of major interest.

3. POLLUTIONAL IMPACT OF WASTE WATERS

Waste waters from metal finishing operations may have seri-
ous direct effects on the environment through action of corrosive
or toxic constituents which can interfere directly with aquatic
life, o. other beneficial uses of watercourses. Although dis-
charges from these facilities seldom, if ever, create oxygen-
demand problems directly, many constituents of metal finishing
waste waters may interfere seriously with performance of biologi-
cal systems used to treat municipal and industrial waste waters.
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Thus, thei. discharge into municipal systems could lead indi-rectly to oxygen-demand problems downstream even without signifi-
cant addition of BOD-causing materials.

Discharge of acid waste waters in quantity sufficient todepress pH significantly may have serious corrosive effects onconcrete, steel and cast iron pipes and other structures in mu-nicipal sewerage systems, treatment plants, and downstream facil-
ities.

Platirg wastes containing cyanides may create serious healthhazards to sewer workers under certain conditions. Experimentshave demonstrated that in sewage containing 50 mg/i cyanide, thepresence of acid conditions could lead to release of lethal con-centrations of the gas into the sewerage system. Investigators
have suggested that cyanide concentrations in sewers should bemaintained below 10-20 mg/i (Battelle Memorial Institute, 1968).

RFI.ease of volatile solvents from these waste waters intosewerage systems may create serious health hazards to workersbecause of excessive concentration of toxic constituents in theatmosphere. Sometimes solvents may lead to serious explosionhazards within sewerage systems or at treatment plants receiving
the waste-water flows.

Adverse effects on biological processes used for treatingmunicipal sewage may be serious. In particular, heavy metals andcyanides can interfere with biological processes, including acti-vated sludge, trickling filters, oxidation ponds, and sludgedigestion. Aerobic organisms may become acclimatized to lowconcentrations of cyanides and can even decompose them under cer-tain circumstances, but slug discharges of cyanides have beenobserved to cause serious disruptions of aerobic and anaerobic(sludge digestion) processes. Considering the health implica-tions of cyanicles and to avoid possibility of interference withtreatment processes, many municipalities limit cyanide concentra-tions to low lvels, usually approximating 1-2 mg/l (Battelle
Memorial Institute, 1968).

Metallic waste-water constituents can exert toxic effects onbacteria and other organisms in biological treatment processes.Many heavy metals may precipitate and accumulate in the plant tolevels several times those in incoming waste water, leading tovery high concent ations in aerobic systems and in sludges dis-charged to anaerbo4 digesters. Accordingly, in reviewing obser-vations on heavy metals in biological treatment processes, it isnecessary to distinguish carefully between allowable concentra-tions in incomin; sewage and those which actually may be attained
in the treatment process.

Partly because of this situation, evaluation of concentra-tions at which various heavy metals become objectionable inbiological treatment plants has been the subject of extensivecontroversy. Until only a few years ago, it generally was con-
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sidered that toxic thresholds in sewage for chromium, copper,
cadmium, zinc, nickel and several other metals ranged from less
than 1 mg/i to, perhaps, 5 mg/i. More recent work indicates that
toxic thresholds of most metals in aerobic processes are substan-
tially higher and today many individuals suggest that allowable
concentration in waste waters undergoing biological treatment may
be increased safely to, perhaps, 5-10 times the levels previously
considered to be acceptable. Specific data summarizing toxic
effects of metals on various treatment processes may be found in
many references (Baily et al. 1970; Battelle Memorial Institute,
1968; Jackson & Brown, 1970; McKee & Wolfe, 1963; US Department
of Health, Education, and Welfare, 1965).

Adverse effects of cyanides and metals in receiving streams
usually are manifested through toxicity to fish and many other
types of aquatic life. Lethal concentrations of many constitu-
ents of metal finishing waste waters to fish are summarized in
numerous publications (Battelle Memorial Institute, 1968; Jackson
& Brown, 1970; McKee & Wolf, 1963; US National Technical Advisory
Committee on Water Quality Criteria, 1968). Table 5 summarizes
concentrations which have been reported to be fatal to fish, but
it must be noted that values reported by different investigators
vary widely both above and below those in Table 5 (Pickering &
Henderson, 1966). Allowable concentrations in a receiving stream
in which it is desired to protect fish life obviously must be
below the lethal concentration. Standards published by various
agencies usually permit metals in streams not exceeding 1/10 to
1/100 of the LD - that concentration which kills half of the
test fish during 5 he bioassay test.

An effect of toxicants on fish life which has been ignored
all too often is impact which the material may have on fish-food
organisms. These adverse effects may be related simply to des-
truction of fish food, thereby having an obvious harmful effect
on productivity. An alternate type of impact may be found in
accumulation of metals in organisms comprising the food chain,
ultimately leading to destruction of fish through toxicity of its
food supply, as contrasted with direct toxic effects from consti-
tuents dissolved in the water.

Waste waters from metal plating operations CVso may be im-
portant because of adverse effects on other beneficial uses of
the watercourse. For example, many incidents have been reported
where plating waste waters caused death of livestock using the
receiving stream for watering. Also, some constituents of waste
waters may exert serious adverse effects on agricultural utility
of the water because of toxicity to the crop being grown or ac-
cumulation of objectionable materials in harvested produce.
Also, biological accumulation may cause objectionable concentra-
tions of metallic constituents in fish taken from streams receiv-
ing metal finishing wastes, making them unsafe for human consump-
tion.
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An exceedingly important potential impact of metal finishingwaste waters may be found in instances where the receiving streamis used subsequently as a public water supply. The importanthealth effects of cyanides and numerous metals on persons consum-ing water has been well documented. This is illustrated by exis-tence of recommended or required limitations on concentrations ofthose constituents in potable water standards of the World HealthOrganization (1970, 1971), the US Department of Health, Educa-tion, and Welfare (1962), and of many other countries. Some ofthe requirements are summarized in Table 6.

4. IN-PLANT CONTROLS

In the metal finishing idustry, as in few others, costs fortreating and disposing of waste waters may be influenced radi-cally by relatively simple in-plant controls applied to the pro-cessing operations. These measures are directed towards reducingthe volume of flow and losses of objectionable constituents and,if pursued with sufficient diligence, ultimately could result invirtual elimination of major waste-water flows and pollution
problems.

Much of the pollutional load from metal finishing plantsresults from drag-out of plating solutions from processing bathsinto rinse tanks and any approach which reduces drag-out willreduce discharges of potential pollutants. Some steps commonlyincorporated into processing operations to reduce drag-out in-clude provision of facilities for increasing time in which thetreated objects can drain before passing into the next bath orrinse, installation of dripboards or tanks, air jetting, tumb-ling, or vibrating the pieces to facilitate removal of liquid.All of these help reduce losses of processing chemicals, whichrepresent the bulk of pollutants discharged from plating facili-
ties.

Recovery of chemicals sometimes may be practiced success-fully, but this requires very sharp reductions in water usage toalow concentration of rinses to volumes small enough to permittheir return to the plating bath. Several techniques reported togive major reductions in rinse water requirements include: in-stallation of multiple rinse tanks through which the work passesin series, adoption of counter-current rinsing techniques toreduce water consumption even further, increased care in controlof water flows through rinse tanks, use of sprays for rinsing,
adoption of improved techniques for supporting work parts, andgood maintenance of racks and tanks to reduce opportunities fordrag-out, drips and leaks (Battelle Memorial Institute, 1968;
Chalmers, 1970; Foulke, 1963).

Another step which has been reported as helpful in reducingwaste-water discharges and facilitating treatment of waste watersis to provide tanks for impounding possible spills. Occasion-
ally, segregation of waste waters may be accomplished into a
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non-toxic flow which can be discharged without treatment and
other flows requiring treatment. Also, sometimes it is desirable
to segregate wastes requiring different types of treatment into
separate collection systems, each leading to treatment units most
appropriate for that flow.

Many waste-disposal problems in even the smallest shop could
be reduced radically through adopting many of the measures which
have been outlined (Battelle Memorial Institute, 1968). However,
space requirements and costs of installing equipment to accom-
plish all of these steps may preclude their use in many small
metal finishing shops and their operation may be too complex and
expensive to be justifiable based on potential savings.

5. METHODS OF TREATMENT AND DISPOSAL

Metal finishing waste waters may contain several materials
with potential for causing pollution problems, but space limita-
tions here do not allow detailed discussion of the many types of
constituents and appropriate treatment processes. Accordingly,
waste-water treatment will be reviewed briefly only for two of
the most common categories of potential pollutants - (1) pro-
cesses useful for removal of metallic constituents, and (2) those
often used for destruction of cyanides.

5.1 Treatment for metals removal

Most of the metallic constituents in metal plating waste
waters may be removed by precipitation at pH 8-10 with lime,
followed by settling. An exception is hexavalent chromium, which
occurs in waste waters from chromium plating as chromic acid or
chromates. Chromium rinse waters and concentrated baths have to
be kept separate for treatment because hexavalent chromium does
not precipitate readily, it first is reduced to chromic acid
(trivalent chromium), which precipiates at pH 8-9. Reducing
agents commonly used for this operation include sulfur dioxide,
sodium bisulfite, metabisulfite, and ferrous sulfate. In large
plating facilities, the approach most often followed involves
reduction of chromium with sulfur dioxide at a pH of 2.0-3.0;

SO2 + H20 > H2SO 3

2CrO3 + 3H2SO3  ) Cr2 (SO4 )3 + 3H20.

This reaction usually requires about 1 lb (0.45 kg) of sulfur
dioxide for each pound of chromic acid (Cr03 ). Sulfur dioxide
may be purchased or waste flue gas in boiler plants may be used
by installing scrubbers to absorb the sulfur dioxide into the
chromium waste water. If reduction of the chromium is not com-
plete, sodium bisulfite or some other reducing agent may be added
to complete the reactions. Sodium bisulfite or sodium metabisul-
fite could be used to accomplish all of the reduct on with simi-
lar effects.
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Ferrous sulfate may be used but usually is practical only ifa plentiful supply of waste ferrous sulfate is available nearby.Even so, use of this material frequently is questionable becauseof very large volumes of sludge generated when the iron precipi-tates, in addition to sludge produced by precipitation of chrom-ium after the pH is raised with lime.

After reduction has been completed, the acidic solution isneutralized to a pH of 8-0 through addition of lime, sodium hy-droxide, or alkaline waste waters such as treated cyanide wastes.Hydroxides of most heavy metals precipitate and may be removed bysettling and dewatering for separate disposal. Effluent fromthis type of process usually will contain relatively low concen-trations of metals, but sometimes may require additional treat-ment, such as filtration, for removing the last traces of precip-
itate before discharge.

Several other methods have been proposed for removing chrom-ium from waste waters (Battelle Memorial Institute, 1968, 1971).One of these is based on precipitation of hexavalent chromiumwith barium salts but this requires addition of a highly toxicchemical which must be controlled rigorously. Further, sludgesproduced in the process may cause serious disposal problems be-cause of potential toxicity. Dialysis and reverse osmosis havebeen proposed for purifying chromium and cyanide rinse waters.Also, electrolytic reduction of hexavalent chromium, using scrap
metal, has been suggested.

Ion exchange has been used to recover chromium from dilutedmetal plating rinse waters, concentrated rinses from counter-current operations, and to regenerate plating baths. This mayinvolve use of cation exchangers to remove iron and trivalentchromium from contaminated baths, cation exchangers to recoverchromic acid from rinse water and removal of chromium using bothcation and anion exchangers to remove trivalent and hexavalentforms. Sometimes evaporation may be used to concentrate solutions in such recovery schemes.

5.2 Treatment of cyanide waste waters

Of the many approaches proposed for treating cyanide-containing waste waters, that most commonly used today involvesdestruction of the cyanide by alkaline chlorination to produce
nitrogen gas and carbonate:

2 aCN + 5 Cl2 + 12 NaOH> N2 + 2 Na2Co3 + 10 NaCl +

6 H20.

The reactions actually occur in two steps, with the cyanide firstoxidized to cyanate which is much less toxic. That reaction issubstantially complete within a few minutes and theoreticallyrequires 2.7 lb (1.23 kg) of chlorine and 3.1 lb (1.41 kg) ofsodium hyrodxide for each pound of cyanide (CN) destroyed. The

V-143



second reaction completes destruction of the cyanide and may
require 1-24 hours, with theoretical chemical requirements of 6.8
lb (3.09 kg) of chlori.i. and 7.3 lb (3.31 kg) of sodium hydroxide
for each pound of cyanide. In practice, about 8 lb (3.63 kg) of
chlorine usually is required per pound of cyanide.

Although either step may be carried out on batch or continu-
ous-flow systems, the most common approach involves use of multi-
ple tanks for batch treatment. This offers the advantage of
permitting testin of plant effluent to ensure satisfactory treat-
ment before discharge, without necessary for relying on the
sophisticated automatic control equipment required for safe oper-
ation in a continuous-flow installation. Because the process is
carried out under alkaline conditions, most heavy metals accom-
panying the cyanide precipitate, producing sludge which may
require separate dewatering and disposal.

It is important to note that caution must be applied in
operating this process because it is necessary to handle chlo-
rine, a relatively dangerous chemical, to treat cyanide, another
dangerous chemical. it is of critical importance that proper
alkalinity be maintained in the solution to prevent formation and
evolution of highly poisonous cyanogen chloride (Battelle Memo-
rial Institute, 1968).

The same type of reaction, exactly, may be accomplished
using hypochlorites instead of chlorine. This approach is rela-
tively simple because it may be based on adding hypochlorite
directly to the rinse water, often without requirements for addi-
tional alkalis. With any of the chemicals, however, good agita-
tion is necessary to insure proper mixing and complete reaction.
Use of hypochlorite is suggested, especially, for treatment of
waste waters from small metal finishing facilities.

Ozone also may be used to oxidize cyanide to cyanate. Eco-
nomic studies indicate that this approach is more expensive than
chlorination, but future changes in cost of equipment and power
for producing ozone could alter that situation. In a few facili-
ties, cyanide has been removed from waste water by acidifying and
stripping the volatile cyanide gas. This must be done only with
greatest caution because hydrogen cyanide is extremely toxic.
The approach requires dilution with large volumes of air and
discharge through a high stack, or absorption in caustic solu-
tion.

Another approach which has been suggested for treating cya-
nide waste waters is based on conversion of cyanide to ferrocya-
nide by adding ferrous sulfat- or pickling liquor. Where waste
ferrous sulfate is available, this technique could be relatively
inexpensive, but produces large quantities of sludge and strongly
coloured effluent. There is some evidence that ferrocyanides may
decompose under the influence of sunlight in receiving streams to
release cyanide to the water. This method has not been accepted
in the United States of America, but is used in Europe.
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Other oxidizing agents which have been suggested for des-truction of cyanides include potassium permanganate and hydrogen
peroxide. Also cyanides may be complexed through adding nickel
salts to form very stable nickle-cyanide compounds. It has been
found that cyanides may be destroyed biologically in trickling
filter and activated sludge plants, provided the organisms areproperly acclimatized and cyanide concentrations do not reach
toxic thresholds. Reverse osmosis and dialysis are being con-sidered today for purifying cyanide rinse waters. Laboratory andpilot work have indicated that ion exchange can be used to treat
cyanie rinse waters but that the process may be subject ot "poi-soning" of the resin through irreversible absorption of complex
metal cyanides. Also, passage through cation exchange units,producing an acid effluent, could lead to production of hydrogen
cyanide within the equipment.

6. SURVEYS AND EVALUATIONS

It has been pointed out earlier that the flows, constitu-
ents, and concentrations of metal finishing waste waters may vary
radically depending upon many factors related to the type ofestablishment, its operating efficiency, and size. Accordingly,
each facility must be studied independently if potential problems
which could be caused by that installation are to be evaluated
accurately.

Evaluation of waste-water discharges from a metal finishingplant will require careful flow metering, interpretation of pro-
duction schedules to select proper times to measure flows andsample, and development of carefully designed programmes to en-
sure collection of samples which are representative of effluent
actually discharged from the installation. Usually, grab samples
will mean little unless many are collected in a carefully de-signed programme which permits the investigator to combine theresults mathematically to arrive at average and extreme values
for waste-water discharges and concentrations.

Analytical measurements most likely to be appropriate for
analyzing the samples include appropriate metals (exact typesdepending upon processing undertaken at the facility), pH and
cyanide determinations. Metals analyses, in particular, can bevery tedious using conventional wet methods. If available, a
highly desirable approach is based on using atomic absorption,
which expedites such analyses greatly and usually enhances their
accuracy. If this type of equipment is not available in waterpollution control laboratories, it would be worthwhile to inves-
tigate to determine whether it might be available in local medi-cal, food, chemical or industrial laboratories or to consider
shipping the samples elsewhere for analyses.

Composite samples of the waste water are likely to be oflittle value unless collected in a fashion to ensure that they
are weighted to flow, because great variations in flow from metal
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finishing installations often may distort results obtained from
such samples. Where baths are dumped periodically, care should
be taken to analyze them separately and to consider them individ-
ually in evaluating potential pollutional effects of the dis-
charge.

TABLE 1. TYPICAL RINSE WATER COMPOSITION
(FOULKE, 1963), p. 149

Constituent Average mg/l Range, mg/l

Cyanide (CN) 25 10-500

Chromate (Cr03 ) 50 10-500

Nickel (Ni) 20 10-200

TABLE 2. TYPICAL EFFLUENT FROM AUTOMATIC PLANT FOR
COPPER, NICKEL, AND CHROMIUM PLATING

OF ZINC-BASE DIECASTINGS (LOWE, 1970), p. 279

Constituent Concentration-mg/l

Active alkalinity as Na 20 10-20

Hydrofluoric acid (HF) 5-10

Sulfuric acid (H2so4 ) 60-70

Total cyanide as CN 30-40

Copper as Cu 20-30

Nickel as Ni 45-55

Zinc as Zn 3-8

Chromate as Cr 5-10
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TABLE 3. TYPICAL EFFLUENT FROM AN AUTOMATIC BARREL ZINC ANDCADMIUM PLATING AND PASSIVATING PLANT (LOWE, 1970), p. 280

Constituent Concentration-mg/l

Active alkalinity as Na20 70-95

Hydrochloric acid (HCl) 160-200

Nitric acid (HNO3 ) 0-10

Chromate as Cr 5-10

Zinc as Zn 20-30

Cadmium as Cd 10-15

TABLE 4. TYPICAL EFFLUENT FROM A MIXED MANUALLY-OPERATED
BARREL AND RACK PLATING PLANT (LOWE, 1970), p. 280

Constituent Concentration-mg/l

Active alkalinity as Na 20 80-100

Hydrochloric acid (HCl) 140-190

Sulfuric acid (H2so4  420-470

Nitric acid (HNO3 ) 140-190

Phosphoric acid (H3PO4 ) 200-270

Chromate as Cr 15-25

Cyanide as CN 40-50

Copper as Cu 3-8

Nickel as Ni 15-25

Zinc as Zn 5-10

Cadmium as Cd 7-12

Tin as SN 1-2

Silver as Ag 0.03-0.07

Gold as Au Trace or nil
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TABLE 5. EFFECTS OF PLATING WASTES COMPONENTS ON FISH LIFE
(BATTELLE MEMORIAL INSTITUTE, 1968; PICKERING & HENDERSON, 1966)

Levels of concentration
Component fatal to some fish, mg/l

Hexavalent chromium 5

Trivalent chromium about 5

Cyanide 0.05

Ferrocyanide 1.45

Copper 0.02

Zinc 0.3

Cadmium 0.6

Nickel 5
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TABLE 6. SOME CHEMICAL CONSTITUENTS IN DRINKING-WATER STANDARDS OF THE

WORLD HEALTH ORGANIZATION (1970, 1971) AND THE U.S. PUBLIC HEALTH SERVICE (1962)

Concentrations in milligrams per litre

WHO International (1971) WHO EUROPEAN (1970) U.S.P.H.S. (1962)
Chemical constitutent Highest Maximum Upper Approx. level Upperdesirable permissible limit of above which limit of Recommended Maximumlevel level concentration trouble may arise concentration limit allowable

Arsenic (as As) 0.05 0.05 0.01 0.05
Barium 

1.0
Cadmium 

0.01 0.01 0.01
I Chloride (as Cl) 200 600 200 250
.D Chromium (hexavalent) 

0.05 0.05
Copper (2L Cu) 0.05 1.5 3.0* 1.0
Cyanide (as CN) 0.05 0.05 0.01 0.2
Iron (total as Fe) 0.1 1.0 0.1 0.3
Lead (as Pb) 0.1 0.1 0.05
Mercury (total as Hg) 0.001
Selenium (as Se) 0.01 0.01 0.01

Silver 
0.05Sulfate (as S04) 200 400 250 250

Total Solids 500 1500 
500

Zinc (as Zn) 5.0 15 5.0 5.3
*After 16 hours' contact with new pipes; but water at pumping station should have less than 0.05 mg/l of copper.
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MANUAL OF ENVIRONMENTAL PROTECTION
INDUSTRIAL POLLUTION CONTROL

MANUAL A
GENERAL ENVIRONMENTAL PROTECTION

I. INDUSTRIAL ENVIRONMENTAL POLLUTION --

CAUSES AND RESULTS

A. Air

1. Definition of Air Pollution

The addition to the air by any natural or man-made pro-
cesses of any contaminant(s) in such quantities as to
render the air unsuitable for its classified and estab-
lished best usage. More specifically, air pollution is
the presence in the outdoor atmosphere of one or more
contaminants in quantiites, characteristics, and dura-
tion which are or may be injurious to human, plant or
animal life or to property, or which unreasonably in-
terfere with the comfortable enjoyment of life and
property.

2. Origin of Industrial Air Contaminants

a. The mining or manufacturing of products for sale.

b. The production of power, steam, or water, involv-
ing the combustion of either fossil fuel or use of
radioactive materials.

c. The burning of industrial refuse.

d. The construction or demolition of buildings.

e. The movement of materials to or on an industrial
property.

f. The treatment of liquid wastes so as to release
gaseous products.

3. Some More Common Air Contaminants

a. Ammonia -- NH3
b. Sulfur oxides -- SO x
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c. Nitrogen oxides -- Nos
d. Hydrogen sulfides -- §2S
e. Mercaptans
f. Methyl amines
g. Carbon monoxide
h. Particulate matter of carbon origin
i. Particulate matter of dust origin
j. Radioactive gases
k. Methane
1. Chlorine
m. Various organic solvents

4. Effects of Air Contaminants on the Environment

a. General effects such as odor -- closely associatedand related to taste. T result of odors is to
retard any useful development in the area and to
aggravate any existing use of the land area. Un-
pleasant odors can also be aesthetically intoler-
able.

b. General effects such as turbidity -- caused by
clouds of stream, dust and smoke, interfering with
sight, air traffic, sunlight penetration, and
aesthetics.

c. General effects of particulate matter -- caused by
burning, manufacturing or moving materials and
buildings which result in layers of dust, dirt,
grime and unburned particles on all surfaces.
Excessive cleaning costs as well as nuisances will
result.

d. Hazardous effects of toxic gases -- such as chlo-
rine, SO H S, CO, radioactive gases which can
cause or lea3 to serious illness, usually of the
respiratory system but also potentially to the
blood and circulatory and nervous systems.

e. General effects of gas -- discolor fabrics, cor-
rode metals, interfere with proper operation of
electrical equipment.

B. Water

1. Definition of Water Pollution

The addition to the water by any natural or man-made
processes of any contaminant(s) in the form of heat
radiation, or matter, in such quantities as to render
the water unsuitable for its classified and established
best usage.

V-162



2. Origin of Industrial Water Contaminants

a. The mining or manufacturing of products for sale
either as an intermediate or final product.

b. The production of power, steam or water involving
either the combustion of fossil fuel or use of
radioactive materials.

c. The production of potable water from surface or
groundwater supplies.

d. The maintenance, cleaning, or general housekeeping
of fixed surfaces of machines, buildings, etc.,
used in manufacturing products or maintaining
equipment.

e. The transportation of persons and products by
water, such as by boats and ships.

f. The leaching of contaminants from industrial
refuse.

g. The condensing and/or absorption of gaseous wastes
by water.

3. Some More Common Water Contaminants

a. Alkalinity and acidity
b. Colored matter
c. Heated liquids
d. Toxic chemicals
e. Detergents
f. Floating matter
g. Non-biodegradable organic matter
h. Organic matter
i. Suspended solids
j. Mineral salts
k. Algal nutrients
1. Foaming agents
m. Bacteria and viruses

4. Effects of Industrial Wastewater Contaminants on the
Enviro-nment

a. Produce a general effect such as causing water to
appear aesthetically undesirable or to smell;
water which appears polluted is never fully used,
resulting in a degradation of the general area.
Unsightliness gives the appearance of pollution
regardless of whether the water is actually pol-
luted, and therefore is harmful to the environ-
ment.
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b. Kill fish and other aquatic life.

c. Increase corrosion of all types of surfaces with
which the water comes into contact.

d. Lower land use and monetary values of the land
surrounding the water.

e. Encourage the growth of undesirable biological
life, often in excessive quantities.

f. Cause disease in persons who may drink the water
or who may eat life forms grown in the water.

g. Interfere with the recreational value of water for
swimming, boating, etc.

h. Render the water unsuitable for irrigation pur-

poses.

i. Make the water unsuitable for industrial use.

C. Land

1. Definition of Land Pollution

The addition of contaminant(s) to or the alteration of
existing land in such quantities and/or in such1a man-
ner as to render the land unusable for its best zoned
use or cause it to become a nuisance or hazard to the
nearby population in its present use.

2. Origin of Industrial Land Contaminants

a. The disposal of industrial solid wastes by impro-
per landfill operations.

b. The burning of industrial solid wastes on land
sites.

c. The mining of minerals.

d. The demolition of existing land-based structures
yielding residual debris.

e. The storing either temporarily or permanently of
materials which may create nuisances, either vis-
ual or sensual, (such as old autos or wastewater
sludges).

IDetermined by the municipal Government.
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f. The damming or draining of lands to obtain more or

to remove excess water.

3. Some More Common Land Contaminants

a. Packing material, such as paper, cartons, boxes,
plastics, etc.

b. Residual tires, cans, and ash materials after
burning.

c. Rubble from demolition such as lumber, bricks,
stone, concrete blocks, etc.

d. Exposed errodable soil after mining.

e. Unusable stripped soil and rock from mining oper-
ations.

f. Slag heaps from smelting operations.

g. Tailings from mined ore concentration operations.

h. Organic sludges from canneries (pulp, pits, culls,
vines, etc.).

i. Partially concentrated organic sludges from paper
and pulp mills, textile, or water-producing com-
panies.

j. Stored unusable materials such as junk cars,
parts, and oil drums.

k. Waste oils, both as sludges and as contaminated
371 fri0m garages or oil reprocessing plants.

1. Cuttings into soil by quarrying operations for
stone, gravel, or sand.

m. Waste caused by damming of flowing streams.

4. Effects of Industrial Solid Wastes on the Environment

a. Produce a general aesthetic effect of unsightli-
ness such as is caused by changing the land from a
forested area to one of denuded soil, or by stor-
ing on any type of previously used land such un-
desirable materials as junk metal, rubble and
tires. Unsightliness also results from residual
tires, cans and ash left on a barren area follow-
ing the burining of industrial waste products.

b. Produce a general aesthetic effect of bad odors
such as are caused by decomposing organic matter
from stored sludges or oil.
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c. Increase runoff and flooding which result from
stripping land of its vegetation and cover mate-
rial.

d. Kill valuable and/or rare vegetation and wildlife
by dumping of tailings, oil, rubble, etc.

e. Kill grasses and cause siltation of soil by inun-
dating the land with runoff water.

f. Kill rare birds, animals, and wildlife by draining
swamplike lands for water supply.

g. Cause fires or explosions by storing in an impro-
per manner building materials, oil, etc.

'h. Breed disease (rats, mosquitoes, flies) by storing
decomposing organic matter and liquid sludges.

.i. Contaminate groundwaters and surface waters during
rains by storing metals, organic matter and toxic
sludges on the land by ',eaching and runoff.

Soil and mineral erosion which follows certain poor
mining practices can lead to both water and air pollu-
tion and a loss of valuable soil materials. For exam-
ple, saltation of water and dust infestation of air are
typical environmental consequences of mining opera-
tions.

II. ENVIRONMENTAL CONTROL PRACTICES BY GOVERNMENTS

1. Problems of Environmental Control of Air, Water and LandContaminants

a. Pollution knows no man-made, governmentally constituted
boundaries but transgresses across city, state, and
county borders without any man-made interferences or
without regard for its origin. No method has yet been
devised within the given conventional structure of
governmental boundaries to control this type of envi-
ronmental violation. It is of great importance for
each technician and administrator alike to have a good
understanding of the various governmental bodies, in-
terests, viewpoints, and potential for the solution to
given environmental problems.

b. There is a definite need for some form of governmental
control of the environment for two major reasons:

(1) The environment belongs to no man or industry but
to all mankind and biological life, and
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(2) mankind has proven unable to control pollution
simply on a voluntary or individual basis but has
shown dependence upon larger groups represented by
some form of government for both guidance and en-
forcement.

C. The conventional forms of government can be classified
into five (5) groups as follows: local, state, re-
gional, national, and international. All of these con-
ventional forms are based upon some on-ground type of
well-defined boundary(ies). They are based also on
groups of people who are obligated to perform in accor-
dance with laws and regulations established within
those well-defined boundaries. For example, they are
served by separate governmental representatives; they
pay separate taxation for separate governmental ser-
vices; and they are obliged to respond to separate and
often quite different laws for operation. As the geo-
graphical scope of these governments broaden from local
to worldwide the customs, laws, tax.!s, and indeed peo-
ples themselves exhibit greater differences. And,
lastly, the thinking and ideas of people also differ
from government to government. Therefore, what one
government feels is gross pollution another government
might consider a normal environmental condition.

Some insight into the general nature and thinking of
each type of government is necessary in order to under-
stand the problems facing environmental control. Bet-
ter understanding will lead to earlier and easier-to-
enact governmental regulations.

2. Local Government Control

This form of government represents the one closest to a
given eivironmental problem. It is usually long-time,
well-respected inhabitants who must operate its services to
the people with a relatively shall budget. Because of the
low capital budget and great number of services it usually
provides (police, fire, roads, health, etc.), it generally
cannot afford high-caliber type of people to administer an
environmental control system. Its members may be subjected
to abnormal or unusual political and economic pressures in
making environmental decisions -- primarily because they
live, work, and socialize simultaneously in the same area
producing the contamination. Thus, this government repre-
sents the one most directly affected and with the most at
stake and, at the same time, the one with the least compe-
tence and ability to control environmental problems.

3. State or Provincial Government Control

This form of government represents a collection of local
governments usually possessing the same or similar social,
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political, and economic interests, stemming fron: a historic
origin. It comprises a larger sector of people and there-fore possesses a greater economic base from which to work.
At the same time, it may be less influenced by or concerned
with any one specific environmental problem existing within
its boundaries. However, it is not completely free frompolitical and economic pressures, especially when in comple-tion with other states. In addition, it may find itself"trapped" between the interests of its constituent localgovernments and those of its outside federal or national
gover-Ament. Also, no one local government, while admittedly
possessing a pressing envirionmental problem, may be strong
enough in the state government picture to influence it toact in its behalf. Thus this government, while generallyposses;sing the competent professional personnel to adminis-ter a-i environmental program, is often torn between influ-
ence or prejudices to local problems and the influence or
fear of domination by a larger national government.

4. Regional Government Control

This form of government generally represents a collection ofstate governments which possess some common environmental
resource interest, such as an interstate river or common aircorridor. While the goals, specific objectives, and needsof these state governments which comprise the regional
governmental body may be different, their interest in thesubject of environment is real and shared. However, getting
this body to make decisions or enact laws may be lengthy,
cumbersome, and frustrating. Each constituent must obtain
approval of decisions from its own state government which,
in itself, may be difficult and time consuming. The pooled
resources of the constituent state governments is greaterthan any one state government. Therefore, the regional
government is capable of undertaking projects of greater
magnitude from economic as well as technical points of view.

The magnitudes of the environmental problem may be very dif-
ferent from one regional governmental member to another.
Thus, unless each member is genuinely interested in environ-
mental protection and possesses great empathy for the prob-lems of others it may be difficult to get agreement by the
governmental members. Therefore, the regional government istechnically and economically more able to act in interstate
environmental problems, but is often hampered by self-
interests and inability to arrive at an early decision.

5. National Government Control

This form of government represents a cross-section of broadviewpoints on environmental protection. This type of gov-
ernmental body is concerned primarily with providing infor-
mation to smaller operating agencies and to establishing andmaintaining general standards of environmental quality de-
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sirable to all forms of biological life existing within a
nation. Each member, while being well-educated and environ-
mentally concerned, may have little interest and less incen-
tive to seek immediate solutions to isolated, distant, and
seemingly insignificant environmental problems. The "cold"
objective viewpoint, however, often does away with local
pressures and prejudices. The national government has more
access to both higher levels of technical competence and
greater amounts of financial assistance. It usually must
seek national governmental approval for utilizing these ser-
vices and monies; the decision of which can be influenced
abnormally by politics which may have little or nothing to
do with the particular environmental problem. There is
also the danger that a national governmental body may use
its greater weight and power to gain environmental dezisions
simply as a means for obtaining more power and authority
over local matters. The rationale for the latter actions
may be politically motivated and bear no resemblance, once
again, to the environmental question under consideration.

A national government is able to bring an objective view to
an environmental problem but can be either genuinely disin-
terested or politically motivated in its action. However,
it is most able to supply the manpower, money, and legisla-
tive power necessary to implement an environmental plan
within a country.

6. International Pollution Control Considerations

A joint agreement or organization established by two or more
national governments represents the most comprehensive form
of conventional environmental government structure. Matters
relating to location of boundaries of sea, air and land in
regard to contaminants, origin of contaminants, and joint
means of control of such contaminants are of major impor-
tance to international organizations. Usually a small num-
ber (often only one) of persons are selected from each
country to serve in such an organization. Members must be
both politically astute and technically highly qualified (or
obtain the consulting or advising services of ones so able).
The resulting body concerns itself with environmental prob-
lems common to the countries involved. Agreements reached
by such organizations must be ratified by each national
government. Because of international politics, only envir-
onmental matters of the most general nature are considered
by these bodies. In addition, solutions to environmental
problems are described in very general terms, leaving spe-
cific procedures and quality levels up to individual na-
tional members. This form of organization is relatively new
but appears to be gaining in favor and importance. Much
greater resources can be made available for environmental
problems of much greater magnitude jointly affecting one or
more countries. Selfish national political and economic
interests make for very slow, cautious, and usually rather
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weak decisions. Implementation of laws and regulations of
these bodies are fraught with national dangers of open con-
flict.

III. ENVIRONMENTAL CONTROL MEASUREMENTS

A. Air

There are two very general applications in monitoring air
contaminants. They are emission source testing and atmo-
spheric monitoring. In both cases the location of monitor-
ing devices, the type of equipment, the duration of samp-ling, and pollutant discrimination are of paramount impor-
tance in quantitatively appraising air quality. Further-
more, these considerations require an intimate knowledge of
the emission source(s) background pollution, meteorology and
topography of an affected area under study.

1. Source Testing/Monitoring of Air Contaminants

Source testing requires a relatively elaborate set of
measurements to establish a starting of final contami-
nant conditon. Because industrial processes involve
frequent cyclic changes, the timing of source testing
or monitoring must be planned accordingly. Process op-
erations should be carefully reviewed so that indi-
vidual polluting substances and classes of pollutants
can be identified. Fluctuations of peak loadings must
be determined and thus prediction of process peculiari-
ties, such as equipment-caused effluent and temperature
variations, are possible. All the variables of source
testing must be accounted for so that the final pollu-
tant analysis will be representative of the entire
source process.

The first step in source sampling is the determination
of the gas flow rate through a stack or the exhaust
port where pollutant monitoring will take place. The
approximate range of air velocity must be known before
isokinetic sampling procedures can be instituted. To
accomplish this, a wide variety of instruments are
used. Most commonly the standard pitot tube is used.
Other instruments used for measuring flow rates are the
rotating vane anemometer, swinging vane anemometer,
double pitot tube heated thermometer anemometer, and
the thermal anemometer. However, all of these instru-
ments have limited application, depending on the type
of source to be monitored.

Most sampling devices consist of a vacuum source, a
metering device for measuring air volumes, an inlet
tube, a collection device (usually a filter or cyclone
followed by impingers), an overflow trap, a manometer
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and thermometer. All of these essential components
must be constructed of materials which are chemically
resistant or abrasion-resistant to the composite air
volume being sampled. The types of collection devices
vary, depending on the collection efficiency needed and
the type of contaminant being sampled. The following
is a list of collection methods commonly used in aero-
sol (particulate) sampling:

Particulate Contaminant Samplers

Principle Collection Device

Filtration Fiber filters
Salicylic acid, naphthalene

packed containers
Granular filters

Controlled pore filters
High-volume samplers

Impingement Wet impingers
Cascade impactors

Dry impingers
Single-jet impactors

Sedimentation Sedimentation in stagnant air

Thermal precipitators

Centrifugal Force Cyclones

Precipitation Electrostatic precipitators
Thermal precipitators

The most common method of emission source sampling is
by taking grab samples, using a sampling train as men-
tioned earlier. Continuous sampling is usually done
only on select processes where the potential emissions
are very substantial, such as large power plants. More
recently, automatic optical smoke density meters have
been developed to collect and quantitatively analyze
particulates in a combined procedure. In short, an in-
strument, such as the bolometer, measures the extinc-
tion of a light beam across a fixed distance within the
stack of vent itself. This method has essentially re-
placed, in some US states, the use of opacity estimates
by Ringleman Charts; however, its use is still recom-
mended for developing countries. Gas sampling requires
separation of the gas or gases being sampled from other
gases present in the air stream. The temperature and
pressure conditions under which the sample is collected
must be accurately noted. The following is a list of
collection methods commonly used in gas source samp-
ling:



Gaseous Contaminant Samplers

Principle Collection Device Gas

Absorption Midget Impinger (Water) Ammonia
(Chemical)

Impinger (Water) Sulfur dioxide

Fritted Glass Scrubber Hydrogen sulfide
(Sulfanilic acid, etc.)

Adsorption Carbon Column Nitrogen
(Physical) Carbon dioxide

Hydrogen sulfide
Sulfur dioxide

Condensation or Successive Gross sample of
Cold Traps Freeze-out all the polluting

gas constituents

In summation, gases emitted from stacks are collected
by suitable absorbents, or in a freeze-out trap, or by
bubbling them through a suitable absorbing fluid. The
gases commonly analyzed include, among others, carbon
dioxide, sulfur oxides, nitrogen oxides, organic
vapors, and halogen compounds. In recent years the use
of optical systems has permitted in situ or remote
analysis by infrared absorption for particular gases,
which makes the analysis of gas compositions from emit-
ting sources practical because gas sampling procedures
are eliminated thus allowing the determination of gas
concentrations under optimum conditions.

The preceding comments indicate the numerous appraoches
to quantitatively collecting source samples of air con-
taminants. A review of the various combinations of de-
vices and techniques and their inherent limitations in
current literature is required. In this way the pro-
ject director can certify the application of the opti-
mum sampling method for a general range of problems
such as optimum reliability, minimum cost, minimization
of required personnel skills, ease of access and dura-
tion of sampling for each specific sampling environ-
ment.

2. Atmospheric Monitoring

This requires the establishment of an optimum air moni-
toring network which supplies aerometric data necessary
to support air pollution prevention, control and abate-
ment activities while consuming the minimum amount of
financial and manpower resources. The first step in
establishing an air monitoring network is to identify
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the use of the aerometric data, collection devices
available, the limitations of the sampling procedures
and equipment, what pollutants must be monitored, loca-
tion of pollutant monitors, and the duration of moni-
toring. This section will discuss the general rules
for monitoring network design because the very nature
of the air pollution problem varies widely from arEO to
area, depending upon the peculiarities of meteorology,
topography, source characteristics, and legal and ad-
ministrative situations.

The location of atmospheric monitors is determined from
the needs of the data or the specific contaminants
under scrutiny. In every case, the approximate loca-
tion of a monitoring site is decided on the basis of
meteorological considerations, a rough source inven-
tory, location accessibility, availability of space and
needs for electric power and security. Choices should
be made on site priorities for:

a. source-oriented monitoring for enforcement
purposes;

b. zone of highest pollutant concentration;
c. background studies where industrial develo..

ment is imminent;
d. areas of high population density; and
e. background studies where further development

is not imminent.

The decision as to what pollutants must be monitored
depends on the list of data needs as defined by the
source inventory. In most cases, it is necessary to
set priorities because of resource limitations, and the
following order of priorities should be considered for
pollutants which:

a. represent a definite hazard;
b. are expected to become hazardous to the

public health and welfare at some time in the
near future; and

c. have legal standards.

A monitoring network is normally continuous. However,
the monitoring duration is usually governed by the use
of the data, financial resources and statistical vali-
dation.

The types of instruments which should be employed for
air monitoring are simply variations of the devices
described in the previous section on source sampling.
The choice of instruments for the following pollutants
are:
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Pollutant Sampling Device

Total suspended particulates High volume sampler

Heavy metals Dust fall jars

Carbon dioxide Non-dispersive infrared
analyzer

Hydrocarbons Flame ionization monitors

Sulfur oxides Chemical absorption meLhods
or flame ionization monitor

Nitrogen oxides Chemical absorption method

Instruments which employ these techniques are specified
in US published standards. Wet chemical methods should
be avoided wherever and whenever possible for pollu-
tants for which standards have not been established.
Instruments which are commercially available should be
purchased on the basis of reliability rather than cost.

The following is an example of a typical atmospheric
monitoring program:

Typical Atmospheric Monitoring Program

I. Monthly Samples (All Stations)

1. Dustfall: trace substances

2. Composited daily high volume sampler filters:
trace substances and total suspended parti-
cles

3. Sulfation plates

II. Twenty-four Hour Samples (All Stations)

1. High volume sampler: suspended sulfates and
nitrates

2. Cyclone sampler: respirable particulates and
trace substances

3. Integrated gas bubbler: sulfur dioxide

III. Continuous Samples

1. Automatic data acquisition with magnetic tape
storage:
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SO 2 (coulometric method)
NO and NO (coulometric method)
Hydrocarb~ns (flame ionization)
Ozone (chemiluminescent method)

IV. Meteorological Samples

1. Hygrothermograph (temperature and relative
humidity)

2. Wind speed and direction

3. Analysis of Air Contaminants

In general, the methods of analysis for sootfall and
dustfall, suspended particulate matter, gaseous pollu-
tants and organic pollutants fall within some or all of
the following categories:

a. Chemical methods -- A sample pollutant collected
by chemical absorption is analyzed by appropriate
titrimetry.

b. Physical methods:

SpectroPhotometer -- A sample of pollutant is col-
lected by chemical absorption and an appropriate
reaction is allowed to occur which produces a so-
lution color change. This solution is then mea-
sured colorimetrically or spectrophotometrically
and compared to standards of the same solution.

Thermal Conductivity -- The concentration of gases
can be determined by measuring the thermal conduc-
tivity of the sample gas as compared to that of a
known reference gas.

Chromatographic Analysis -- Essentially all of the
polluting gases may be collected in a chromato-
graphic column. The difference in the mobility or
the diffusion rate of the component gases in the
mixture is a function of th- molecular structure
of the gas. Selection of a suitable detector from
thermal conductivity, flame ionization, and elec-
tron capture methods depends on the composition of
the gases to be analyzed.

Mass Spectrometer -- The instrumental technique is
the bombardment of atoms or molecules to be anal-
yzed with electrons, ions, or ultraviolet light,
causing ionization. The instrument then measures
the quantitative dissociation by spectra analysis.
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c. Biological methods:

Bacterial cultivations of organic contaminants and
monitoring respiration rates as a correlation of
the quantity of organic pollutant.

d. Gravimetric methods -- Weighing or counting par-
ticulates.

There are many variations to these basic methods of
analyzing fir air contaminants, depending on the spe-
cific atom or compound of interest. Consequently, the
investigator should thoroughly review the recent liter-
ature for specific test methods for specific contami-
nants. Consideration of specific methods will be given
in the specific industry manuals where appropriate con-
taminants are expected.

1. The Computation of Mass Quantities of Air Contaminants

In order to achieve international standardization and
comparability, the results of air pollution measure-
ments should be expressed in CGS units. Using this
system, the concentiation of pollutants are reported in
terms of mass per unit volume at a standard temperature
and pressure. The standard pressure of 760 mmHg and
the temperature of 0 centigrade should be employed.
Normally, the concentration of air contaminants is jx-
pressed in terms of micrograms per cubic meter ( g/m').

Computation of the results of atmospheric sampling and
analysis is considerably simplified if they are ex-
pressed in the units recommended in the following:

Alternatives or
Item Recommended Units Derived Units

Concentration of Milligrams per cubic Micrograms per
particle contami- meter cubic meter
nants (liquid or
solid) of known
composition

Concentration of Milligrams per cubic Micrograms per
suspended or air- meter cubic meter
borne particulate
matter

Concentration of Milligrams per cubic Micrograms per
gases or vapors meter cubic meter

Gas Volumes Cubic meters at stan-
dard conditions
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Volume Emission Cubic meters per
Rates second

Mass Emission Cubic meters per
Rates second

Velocity Meters per second

Air Sampling Cubic meters per Liters per minute
Rates second or cubic

centimeters per
minute

Temperature Degrees Celsiu; (°C)

Pressure Millibars (mb) or
millimeters or mercury

Visibility Kilometers

Light Transmission Percentage transmittance
(%T)

Light Reflection Percentage reflectance
(%R)

Particle Size Microns

Wavelength of Millimicrons Angstroms (A)
Light

B. Water

1. Monitoring of Industrial Wastewater Contaminants

a. The location of a monitoring station should be
selected such that the flow conditions encourage a
homogenous mixture. The velocity of flow at the
sampling point should, at all times, be sufficient
to prevent the deposition of solids, therefore
assuring the collection of a well mixed represen-
tative sample. Homogenous flow conditions norma-
lly exist after channeling all flow at a weir,
Parshall flume or hydraulic pump. A free-falling
discharge from a pipe is also an excellent samp-
ling location. A sampling point of approximately
one-third the wastewater depth from the bottom and
as near to the center of flow as possible is
recommended for monitoring flows in sewers and
channels.

b. Types of Equipment for the monitoring of indus-
trial Wastewater contaminants vary from manual to

V-177



automatic type devices. The selection of the
appropriate sampling equipment is dependent upon
the type of sample desired. Samples are of two
basic types: "grab" or composit.

A "grab," also known as a "catch," sample consists
of a portion of wastewater taken at one time in a
random fashion. "Grab" samples generally are col-
lected manually and reflect the conditions and
characteristics existing at the time when the sam-
ple was collected.

Composite or integrated samples consist of por-
tions of wastewater taken at regular intervals of
time and combined to produce one final volume of
sample. Composite samples tend to level off peaks
and indicate average conditions over the sampling
period. A common sampling time interval is every
hour during the operations period. Shorter time
intervals may be required if plant operations are
extremely variable. Samples may be composited on
the basis of time or flow. Composite samples com-
piled oil the basis of time are composed of con-
stant sample volumes collected at even time inter-
vals, regardless of the rate of flow. Samples
composited on the basis of flow will contain pro-
portional sample volumes collected with respect to
the flow rate at even time intervals. High flows
would demand a higher proportion of sample, and
vice versa. Composite samples are either col-
lected manually or automatic sampling equipment is
commercially available to collect samples on the
basis of flow or time.

The scope of this manual does not permit a com-
plete description of the many automatic sampling
devices for industrial wastewater monitoring.
More detailed information may be found in H.F.
Lund, Industrial Pollution Control Handbook.

C. Flow Measurement plays an integral part in the
monitoring of wastewater contaminants. The selec-
tion of one of the various methods for measuring
flow will depend upon the facilities available,
the degree of precision required, and the condi-
tions under which the waste is discharged. Some
of the more common methods of determining rates of
flow are the following:

Container and Stopwatch -- The time required
to obtain a known volume of wastewatez in a
container is measured and thus calculations
of volume per unit of time can be made. This
method applies well to sewers or outfalls
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where free fall occurs and where flows are
small.

Weirs -- A weir acts like a dam or obstruc-
FiiT with the water flowing over the dam or
through a notch cut in the dam. The notch is
normally rectangular or V-shaped. The crest
on the weir is defined as the level to which
the water must rise before it can go over the
weir and is either the top of the dam or the
bottom of the notch cut into the dam. The
head on the weir is the height of the water
surface in the pool upstream from the weir
above the crest. Knowing the type of weir
(rectangular or V-notched) and the head up-
stream from the weir, calculations of rate of
flow in cubic feet per second are a rela-
tively easy task with the appropriate form-
ula. The triangular or V-notch weir gives
greater heads for a given discharge than does
the rectangular notch of the same width of
water surface. This greater sensitivity of
the V-notch is useful in measuring relatively
small rates of discharge. For discharges
above 900 gallons per minute (3.35m /min)
rectangular weirs should be used. Both rec-
tangular and V-notch weirs are most commonly
constructed of steel.

Parshall Flumes -- A Parshall flume can be
built when there is the need for continuous
measurement of open channel wastewater flows
at or near the ground surface. The Parshall
flume is a permanent structure made of metal,
concrete or wood and is not recommended for
small plants. the Parshall flume consists of
a converging section, a throat and a diverg-
ing section. The floor of the converging
section is level but the floor of the throat
is included downward frm the horizontal and
the floor of the diverging section is in-
clined upward at a definite slope from the
horizontal. Because the throat width is con-
stant, the discharge can be obtained from a
single upstream measurement of depth under
free flowing conditions. Flow under sub-
merged conditions requires several measure-
ments of head at various locations for the
determination of flow rate. Maintenance of
the unit is minimal due to its inherent
ability to clean itself and and the hydraulic
head loss is also minimal. Texts and hand-
books for further discussion of Parshall
flumes along with weirs may be found in
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Chapter IX -- Water -- Metcalf and Eddy,
Wastewater Engineering, and H. F. Lund, In-
dustrial Pollution Control Handbook.

Venturi Meters -- This type of flow measuring
device is installed in closed conduits or
pipelines under pressure. It consists of a
throat carefully machined to a specific diam-
eter, a converging section which tapers from
the pipeline to the throat and a diverging
secton from the throat to the pipeline. Taps
are provided for the measuring of the pres-
sure head. The only measurements necessary
to compute the rate o-ff flow from the formulae
is the difference in the pressure head be-
tween two tap points. Considerable loss of
head is experienced through the Venturi
meter. For additional information on the
theory and operation of Venturi meters see
K. H. Mancy, Instrumental Analysis for Water
Pollution Control.

Orifice Meters -- These are often used also
to measure flows in closed pipes. They con-
tain sudden reduction in diameter of the pipe
causing a change in pressure which is equated
to the flow. These meters result in signifi-
cant head loss in the system and therefore
their use is limited.

Velocity Meters -- Also known as current
meters, are usually used to measure stream
flows but may be employed for the determina-
tion of the velocity of flow in large sewers
or open channels. They consist of a rotating
vane and cup arrangement with a sounding
component by which velocity is measured ac-
cording to the revolutions of the submerged
cups. Combining the velocity measurement
with a calculation of cross sectional area
results in the rate of flow or discharge per
unit of time.

Magnetic Flow Meters -- These consist of a
non-magnetic tuBWe ofthe same diameter of the
pipe in which the water or wastewater is
flowing and across which a magnetic field is
established. Water or wastewater flowing
through the magnetic field produces a voltage
proportional to the velocLty and is converted
by electrical and mechanical means to indi-
cate rate of flow.
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d. The duration of sampling will be governed by the
objectives of the monitoring program and the oper-
ating schedule of the industry. Samples should be
collected over the entire day's operating schedule
and continuous monitoring may be desired. An
industrial waste survey should be conducted for at
least five consecutive days and a two-week period
is often recommended. Seasonal variations in
production levels should be considered.

The quantity of sample to be collected varies with
the extent of laboratory analysis to be performed.
A sample volume between two and three liters is
normally sufficient for a fairly complete analy-
sis. The total number of samples will depend upon
the objectives of the monitoring program. The use
of a few locations and enough samples to define
the results in terms of statistical significance
is usually much more reliable than using many
stations with only a few samples from each.

e. The importance of wastewater monitoring in in-
dustries should be stressed. Wastewater flows are
measured to determine the quantity of wastewater
being discharged. The combination of flow rate
data with analytical data obtained from laboratory
analysis results in the calculation of pounds of
contaminants being discharged into the receiving
stream. The next logical step after the amount of
contaminants is known is to determine what effect
these contaminants have on the receiving body of
water and then finally establish some acceptable
level of contaminant discharge (see Chapter
VIII -- Water -- of this Manual). Analytical
techniques for the qualitative determinations of
wastewater will be discussed in the next section
and computations of mass quantities of contami-
nants will 'ollow the analytical techniques sec-
tion.

Monitoring of wastewater also allows for locating
major so'rces of wastes and permits the computa-
tion of idgets for varying operations.

2. Analysis of Industrial Wastewater Contaminants

One of the basic objectives of the monitoring of indus-
trial wastewater is to determine the loading or quan-
tity of contaminants discharged into the receiving body
of water. Two essential components for computing con-
taminant loadings are the rate of flow and the concen-
tration of contaminants in the wastewater. Some of the
more common techniques for determining rate of flow in
wastewater have been discussed in SectLon 1. Tech-
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niques and methods for the qualitative analysis of
wastewater contaminants are of four basic categories:
(a) chemical; (b) physical; (c) biological; and (d)
biochemical.

a. Analysis by chemical techniques are either by
titration, precipitation or chemical reaction.

Titration involves the measurement of a vol-
ume (volumetric analysis) of a known concen-
tration (standard solution) that is required
to interact exactly with the desired chemical
component or another substance chemically
equivalent to it. Titration proceeds to a
definitive end point, normally to either a
color change or some electrical meter res-
ponse. For example, acidity and alkalinity
are determined by titration with a standard
basic or acidic solution respectively.

Precipitation techniques are applied by con-
verting the desired chemical component to an
insoluble product. Probably the best example
of a precipitation determination is the chlo-
ride ion (Cl ) determination with silver
nitrate as the standard titrant, converting
the chloride ion to an insoluble white pre-
cipitate which is then weighed for quanti-
tative analysis.

Chemical reaction techniques vary in complex-
ities ranging from the addition of simply one
chemical reagent to the combination of many
compounds to produce the desired chemical
component. For example, the dissolved oxygen
determination calls for the addition of three
reagents followed by a titration with stan-
dardized sodium thiosulfate. The addition of
the reagents converts the oxygen to an equal
amount of iodine and then becomes appropri-
ately titrated.

b. Two types of physical methods of analytical analy-
sis of wastewatcr are filtration and adsorption.

Filtration of precipitates and solids is
accomplished by passing the wastewater
through a standard size filter mat (asbestos
or glass films are commonly used). The sus-
pended solids determination is an example of
this filtration principle by passing a known
volume of sample through a special crucible
with a filter mat placed inside the crucible.
The filter retains suspended particles and
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allows for the passage of liquid. The re-
tained particles are weighted and thus a
calculation of weight per unit volume (milli-
grams per liter) can be made.

Adsorption techniques using activated carbon
for the detection of low but significant
quantities of organic compounds are frequent-
ly used in wastewater analysis. The determi-
nation of phenols by the carbon chloroform
extract (CCE) technique calls for the passing
of a column of water through a carbon adsorp-
tion unit; the carbon is then removed, dried,
and the contaminants are extracted by washing
the unit with chloroform and collecting the
washings for weighing or further instrumental
analysis. Another adsorption technique which
is a relatively new method of analysis is
atomic adsorption spectrophotometry. A sam-
ple solution is atomized into a flame, pro-
ducing atomic vapors of the element in ques-
tion, which are measured by passing a mono-
chromatic light of the same wave length
through the vapor in the flame. Atomic
adsorption spectrophotometers are relatively
expensive instruments but are excellent for
the determinations of true quantities of
elements such as copper, iron, magnesium,
nickel and zinc in wastewaters and waters.

c. Biological methods for wastewater analysis include
culturing techniques for bacteria and also micro-
scopic analysis. The standard plate count (SPC)
determination provides an estimate of the total
number of bacteria in a wastewater or water sample
that will grow under specified conditions. The
culturing techniques essentially involve providing
a food supply and the correct conditions for
growth through the use of an agar culture medium
and then counting the bacteria formed. Micro-
scopic examinations provide information concerning
growths of minute plants and animals in the waste-
water.

d. Probably the most important biochemical method of
analysis is the biochemical oxygen demand (BOD) of
determination. This test is used for determining
the oxygen requirements for the decomposition of
organic matter in trial wastewaters under speci-
fied conditions of time (normally five days) and
temperature (normally 20*C). The BOD analysis is
a biochemical method because the analysis involves
the oxygen consumed by aerobic bacteria and by the
chemical oxidation of reduced compounds such as
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HS, NO2 , and Fe++ that can be oxidized by molec-
u2ar 02 

.

Finally, it should be noted that the analysis run
on any specific wastewater sample will depend upon
the nature of the industrial operation. Determi-
nations that may be conducted are:

pH Phenols
Alkalinity and Acidity Cyanide
Total Hardness Copper
Chloride Zinc
Sulfate Iron
Phosphate Manganese
Suspended Solids Chromium
Volatile Solids Nickel
Total Solids Lead
Settleable Solids Biochemical Oxygen

Demand (BOD)
Total Nitrogen Chemical Oxygen

Demand (COD)

For detailed procedures on these and other analy-
ses concerning waters and wastewaters, see Stan-
dard Methods for the Examination of Water and
Wastewater, 13th Edi"tion, and K. H. Mancy, Instru-
mental Analysis for Water Pollution Control

3. Computation of Mass Quantities of Wastewater Contami-
nants

One of the objectives of monitoring wastewater flows is
to measure the load of contaminants discharged per day
or per unit of production. To determine the load of
contaminants, rates of flow and concentrations of con-
taminants must be known. Methods for determining both
of these parameters have been previously discussed.

Concentrations of contaminants are expressed as parts
per million, which means kilograms of contaminants in a
million kilograms of water. Milligrams per liter are
equivalent to parts per million. Rates of flow are
expressed as cubic meters of water per day.

Computations of waste loadings are made relatively
simple by mutliplying the concentration of contaminant
times the rate of flow with the appropriate conversion
factor (i.e., 8.34 when rate of flow = MGO and concen-
tration = ppm). Some of the more common units for ex-
pressing loadings are kilograms of contaminants per day
or kilograms of contaminant per unit(s) of production.
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C. Land

1. Monitoring of Land Contaminants

Records should be maintained and the environmental im-
pact of the land disposal sites should be monitored.
The following records should be kept by the owners or
operators of the land area:

a. major operational problems, complaints or diffi-
culties;

b. quantitative and qualitative evaluation of the
environmental impact of the land disposal site
with regard to the affectiveness of gas and leach-
ate control, including results of leachate samp-
ling and analyses, gas sampling and analyses,
ground and surface water quality sampling and
analyses upstream and downstream of the site;

c. vector (a carrier that is capable of transmitting
a pathogen from one organism to another) control
efforts;

d. dust and litter control efforts;

e. quantitative measurements of the solid wastes
handled; and

f. description of solid waste materials received,
identified by source of material.

Upon completion of the site, a detailed description,
including a plan, should be recorded with the area's
land recording authority. The description should in-
clude general types and location of wastes, depth of
fill, and other information of interest to potential
landowners.

2. Analysis of Land Contaminants

Chemical, physical, and biological methods are used to
analyze the air and water effluents from solid waste
disposal land areas. These have been described already
in Parts A and B of this chapter. In addition, some
consideration should be given to an analysis of hazar-
dous materials in landfill areas. Hazardous wastes can
usually be classified into four general categories:

a. radioactive -- laboratory wastes, power generation
wastes, etc.;

b. toxic chemicals -- metals, pesticides, pharmaceu-
ticals, etc.;
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c. biological -- antibiotics, pathogens, enzymes,
etc.; and

d. miscellaneous -- flammables, explosives, irri-
tants, corrosives, etc.

and most should not be allowed to be landfilled in the
normal manner with other industrial solid waste. Be-
cause it is often difficult to classify all of the
above solid wastes as definite'y hazardous in a land-
fill operation, some type of waste rating system can be
used. The system may include evaluation of the solid
wastes effect on:

(1) human toxicity;
(2) groundwater toxicity;
(3) disease transmission potential;
(4) biodegradability; and
(5) mobility.

.3. Computation of Mass Quantities of Solid Wastes

a. Solid waste quintities are measured in terms of
both volume (m ) and weight (kg or ktons). The
volume is significant from a transportation stand-
point and also from a land-occupation consider-
ation when compacted. Volume is measured by re-
cording the number of a fixed volume hauler while
weights of solid wastes are computed by scale
readings of the hauler loaded weights minus their
empty weights.

b. Leachates are measured by collecting all drainings
from the land area, passing them through single or
multiple weirs to compute the flow and to select
samples for analyses and multiplyinq by the con-
taminant concentrations to obtain total weight (kn
or kt) of contaminants in a fixed time period.
The computations are similar to those made in in-
dustrial liquid wastewaters.

c. Land area air contaminant mass quantities are made
exactly like those determined in land areas sur-
rounding any industrial plant emitting stack
gases.
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IV. ENVIRONMENTAL CONTROL -- TECHNICAL (ENGINEERING)

Air

1. Use of Standards

Standards used can either be related to industrial pro-
duction or to the quality of the air in the atmosphere
surrounding the industry. In the former case they are
referred to as effluent standards or standards of per-
formance, whereas in the latter case they are called
ambient air quality standards. The former are more
useful for design and control whereas the latter are
preferable for environmental quality measurement and
protection. Both are useful and important to the proj-
ect engineers and administrators of environmental pro-
tection systems.

a. Effluent Standards

One method of pollution abatement is to establish
a contaminant level for each industrial manufac-
turing operation. The level of allowable contami-
nant should be based on the use of a reasonable
degree of environmental control equipment, good
process control, and manufacturing in a modern
designed plant. The omission or absence of any
one of the three above bases will place undue
hardship on the other two -- often resulting in
exceeding the allowable standard of emission. The
allowable standard of emission is related to a
unit of feed or production from a given industry
or in many cases is based upon the volume of gas
generated.

An example of star:.-.Ai; of emission1 from five
industries as estL .' ed by the Environmental
Protection Agency i.i. United States is given in
the following table (.Zale 1).

The engineer designer or administrator reviewing
environmental control procedures and standards
must recognize that this type of standard will not
necessarily protect the air from becoming pol-
luted. Nor will it give ary direct indication of
the level of contamination existing at any time in
the air. It simply provides a working tool for
satisfactory design and operation with the optimum
methods available today for these plants.

iFederal Register, December 23, 1971

V-187



Table 1

Standards of Performance for New Sources-
/

Type Industry Emission Quantity

1. Power facilities for producing steam
from fossil fuel (for plants of 250
million BTU/HR heat input or greater)

A. Particulates (.18 gram/106 cal) 0.1 lb/10 6 BTU
(Max. 2 hr. avg.)

B. SO2

Oil fired (1.44 gram/106 cal) 0.8 Ib/106 BTU
Coal fired (2.16 gram/106 cal) 1.2 lb/10- BTU

(Max. 2 hr. avg.)

C. Nitrogen Oxides

Gas fired (.36 gram/10 6 cal) 0.2 lb/10 6 BTU
Oil fired (.54 gram/10 6cal) 0.3 lb/10 6 BTU
Coal fired (1.26 gram/10 cal) 0.7 lb/10 BTU

(Max. 2 hr. avg.
as NO2 )

D. Visible Emissions Not to exceed 20% opacity, except that
for 2 min. in any 1 hr. emissions may
be as great as 40% opacity.

2. Incinerators

A. Particulates (.185 gram/m3  0.08 grains/SCF

3. Nitric Acid Plants

A. Nitrogen Oxides (1.5 gram/kg) 3.0 lb/ton acid

B. Visible Emissions 410% opacity

4. Sulfuric Acid Plants

A. so (2 gram/kg) 4 lb/ton acid
B. Acid Mist 0.15 lb/ton acid
C. Visible Emissions (.075 gram/kg) <10% opacity

5. Portland Cement Plants

A. Particulates

1. Kilns (.15 gram/kg) 0.30 lb/ton feed
2. Clinker Coolers (.05 gram/kg) 0.10 lb/ton feed

B. Visible Emissions

U Kilns 10% opacity
2. Others < 10% opacity

a/ Federal Register, December 23, 1971
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b. Ambient Air Standards

The other method of air pollution abatement is
that of limiting the final air concentration sur-
rounding an industry or existing in a community.
The limit for each type of contaminant should be
based upon the latest information available con-
cerning physical and other health effects of the
contaminant as well as the practicability of at-
taining the level desired. It provides little
clue for the designer for remedial action in the
industrial plant except when exact mixing ratios
of gas volumes of industry and diluting ataosphere
are known. The level of contaminant measured in
the atmosphere at any one time is directly related
to the method used for collecting sample and anal-
ysis. In Table 2 the six Federal Primary Stan-
dards now in effect in the United States are
given, along with the methods of sampling and
analysis. You will note that the allowable level
of concentration of each contaminant varies with
time of exposure (even though other times are not
given here for most of them). rhe shorter ex-
posure periods permit higher concentrations of
contaminant. The health effects of each level of
the most important contaminants are discussed in
Chapter VIII, Section A.2. (p. 91)

c. Significance of Standards

The use of effluent standards, while quite helpful
for enforcement purposes and for plant and equip-
ment operational checks, often provide environ-
mental quality inequities. For example, two simi-
lar steam power plants, both discharging the maxi-
mum 0.8 pounds of O. per million BTU of heat
energy (1.44 gram/10 al), would produce drastic-
ally different effects on the environment if one
was located in Los Angeles, California, and the
other in New York City. Although both are large
metropolitan areas, the former is located in a
bowl surrounded by mountains and is subjected to
numerous and almost continuous daily inversions.
This limits the vertical mixing and thus the
amount of dilution air available. The high pres-
sure atmosphere which is usually present near Los
Angeles also helps to bring in and down warm airs
which keep a 'lid" on the contaminating city gas
vapors. New York City gases, while just as con-
taminating, generally rise unimpeded and are di-
luted with ample fresh &ir. While these power
plants and needed equally in both cities, it is
obvious that local standards would be desirable to
supplement national ones in order to protect the
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Table 2

Ambient Air Quality Standards

Averaging Mdthod of Collection of

Pollutant Time Concentration Analysis

1. Photochemical Oxidants 1 hour 160 Ug/m 3  Chemiluminescent method

2. CO 1 hour 40 mg/m3  Non-dispersive infrared
spectroscopy

3. NO2  Annual avg. 100 pg/m 3  Colorimetric method
using NaOH

4. so2  Annual avg. 80 pg/m 3  Pararosaniline method

0 24 hour avg. 365 pg/m3  =

5. Suspended particulate Annual geo- 75 Ug/m 3  High volume sampling
matter metric mean

24 hour avg. 260 pg/m3  a a

6. Hydrocarbons 3 hour avg. 160 pg/m3  Flame ionization detec-
(corrected for CH4) (6-9 AM) tion using gas chroma-
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air quality in particular locations. In effect,
this is done in some cases. For example, both Los
Angeles and New York City have their own air qual-
ity control standards which suggest limits of in-
dustrial operation at certain predetermined levels
of contaminant concentration.

In cases where air crosses national governmental
border lines, it may be necessary to enact differ-
ent effluent standards in one or the other country
in order to comply with ambient air quality level
requirements of the other country. This can only
be determined by consulting the standards of the
other country, studying the meteorological condi-
tions which prevail on the border, and either
mathematically computing or physically measuring
(empirically) the resulting border-crossing con-
taminant levels in the air at various given efflu-
ent standard levels.

2. Dispersion Technigues

a. Meteorological Principles

There exists several rather elementary principles
with which the user of this Manual should be
familiar.

In order for air to be put in motion a force is
required --thus producing a wind effect. The wind
developed is a result of an equilibrium condition
between the pressure, rotation of the earth on its
axis (Coriolis), and friction forces. The pres-
sure is created by high or low pressure regions
existing in the atmosphere. In high pressure
areas, the air moves clockwise and in low pressure
areas it moves counterclockwise, both in northern
latitudes only, the reverse being true in southern
latitudes. Also in the northern hemisphere, the
rotation of the earth causes a turning of this air
flow to the right rather than along lines of equal
pressure (isobars). Resultant wind speeds are
greater as the distance from the earth's surface
increases as a consequence of freedom from the
earth's friction effect.

The motion of air will exhibit some degree of
turbulence -- although sometimes very slight --
depending upon both the character of the ground
surface and the time of the day. The ground sur-
face causes mechan-ical turbulence and the heating
of the earth at different times of the day causes
thermal turbulence. Turbulence produces eddies in
e atmosphere and eddies are very important in
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the dilution of air contaminants. Turbulence will
diffuse air contaminats rising from the earth in
both horizontal and vertical directions. Large
eddies often result in large plume motion but
little plume dispersion while the opposite may be
true for small eddies. An addy about the same
size as the plume will cause its maximum disper-
sion and thus reduce air contaminant concentration
to a minimum.

Wind roses (plots of predominant wind directions
and speeds) indicate to the reader from which
direction the predominant winds are blowing during
a given period of time and hence to which direc-
tion air contaminants will be carried initially
after emission.

Wind created at the ground surface causing mechan-
ical turbulence can be generated largely by either
(1) a mountain-valley or (2) a sea-land situation.
In both cases, wind here is caused by unequal
heatg of the surfaces and as a result a tempera-
ture differential exists between the air over each
surface, causing the cooler air to flow toward the
rising warmer air. Daytime wind directions here
are usually opposite to night time ones because of
changes in temperature and differential cooling
rates. The direction of the wind will affect
people and matter located downwind from sources of
air contamination.

Separated flows -- caused by physical structures
impeding the movement of a plume of air contami-
nants -- often result in a cavity on the downwind
side of the structure. The cavity is an area of
little air movement and often contains an in-
creased concentration of contaminants.

The temperature change which occurs with altitude
plays a great part in the movement of ground air
contaminants. As a "normal" occurrence both
pressure and temperature decrease with height
above ground level. The normal increase in tem-
perature with height (lapse rate) is -3.5'F/1000
ft or -.650 C/I00 meters. For isoentropic case
(atmosphere with a constant heat value as a func-
tion of height):

dT/dz = -5.40F/1000 ft or
dT/dz = -10C/100 meters

As the contaminated air rises and encounters lower
pressures, it expands and as it expands it does
work on the surroundings and the central air of
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the contaminants temperature reduces slightly.
However, the work process occurs fast and it can
be presumed to occur without any heat transfer or
adiabatically. A comparison of the adiabatic
lapse rates of both the contaminated rising and
existing air temperature will determine the future
vertical position and he±±ce contaminant concentra-
tion at any level. If the two adiabatic lapse
rates are exactly the same then the contaminated
air would be at the same temperature, pressure,
and density of the surroundings and exhibit no
buoyant force (tendency to rise)or gravitational
force (tendency to return downward). If the con-
taminated air arrives at an upper elevation at a
temperature lower than its surroundings but at the
same pressure, it will be heavier than its sur-
roundings (P = oRT) and it will sink to a lower
level (stable condition If, on the other hand,
it arrives at a nigher temperature, it will con-
tinue to rise to a higher level (unstable condi-
tion). A stable condition will result in an in-
version which, in effect, limits the dilution of
contaminants with more air. The height to which
mixing of air contaminants with relatively cleaner
atmosphere is effective is very significant and is
often referred to as mixing height.

b. Stack Heights

A trace of the smoke or other gaseous contaminants
emanating from an industrial plant point source is
known as a plume. The dimensions (vertical and
horizontal) of the plume dictate the relative
position and concentration of contaminants at any
time and are directly related to the vertical tem-
perature gradient. Therefore, plume conditions
for any stack depend on where the stack is situ-
ated relative to the local topography and to its
position on a world basis. In general, stacks in
warm, dry climates may result in some inversion
conditions in the early morning hours whereas in a
damp, cloudy climate inversions are less frequent.
The width of the plume will vary with the time of
observation, that is, for short periods it will
have a narrow bend diffusion, whereas the band
widens over longer periods. However, the maximum
concentration still exists at the centerline of
the plume. The general problem of the air pollu-
tion analyst is to compute the concentration of a
given contaminant at some point downwind from the
discharge. In specific calculations the following
Gaussian dispersion equation is useful:
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X(xlyrz,H) = Q exP~ 1(/y

iP (z-H)2 + exp [-1 (z+H23

where x, y and z are specific distances from the
emission in the direction of the mean wind, hori-
zontal plane perpendicular to the X axis, and
vertical distance respectively

is grams per second of contaminant
u is average wind speed in meters/second
X is pollutant concentration at point (x,y,z)

in grams/cubic meter
H is the effective stack height in meters
oyoz are standard deviations of plume concen-

tration distribution in horizontal and
vertical directions

If one wishes to find the concentration at gorund
level, then z = o and the equation simplifies to:

X(xyO) = Q exp [ 1 (Y/Y 

exp 1 (H/az)]

Where the calculation is to be calculated along
the centerline of the plume, then y = 0 and the
equation further simplifies to:

X = (x,O,O) Q exp 1 (H/6z)j

The users of this Manual should be aware of some
limitations of the use of the equation: (1) the
diffusion coefficients are probably only accurate
to values of ±50%; (2) the Coriolis effect has
been omitted from the calcuations; (3) any deposi-
tion or absorption of contaminants by physical
structures or the ground have been neglected; (4)
shifts in wind direction and velocity during the
plume dispersion time used; (5) use of diffusion
coefficients derived from short-term studies for
longer term computations leads to some error.

In the equation used to compute the contaminant
concentration at any point downwind, the value of
H used is extremely important since the height of
stack, H , is generally increased by the plume
rise, H, to give H, the effective stack height,
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which is the actual value used in the equation.
The computation of the added height of plume rise,
H, is of considerable importance and often quite
controversial.

The diffusion coefficients (oy,oz) are functions
of the atmospheric stability and downwind distance
from the source. These values are valid for con-
centrations averaged over a few minutes and apply
to open level country. The atmospheric stability
is dependent on surface wind speed and incoming
solar radiation and is designated by the letters
A - F with A being the most unstable and F the
most stable. The horizontal coefficient, oy,
varies from 35 to 200 meters at 1 km downwind dis-
tance, whereas the vertical varies from 15 to 400
meters for the same distance. Tables and graphs
are available in air pollution meteorology text-
books to assist in these calculations.

One common equation for estimating plume rise is
Holland's equation (see M. Katz, Measurements of
Air Pollutants). It often slightly underestimates
the effective stack height and therefore provides
a safety factor.

Holland's equation is:

V d Ts -T a

AH = ( 1.5 + 2.65 x 10-3p ad)
T

u

where: H is the rise of the plume above the
stack in meters

V5 is the gas exit velocity in meters/
second

d is the inside stack diameter in
meters

is the wind speed in meters/second
p is the atmospheric pressure in milli-

bars
T is the stack temperature in 'K
Ta is the atmospheric temperature in °K

Holland suggests a value of 1.15 times the H from
the equation be used for unstable conditions and a
value of .85 for stable conditions with the calcu-
lated H for neutral conditions (D stability).

The contaminant concentration equation given can
also be used by design engineers to solve for Hs
and H is computed separately.
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3. Computation of Treatment Required

Treatment required by any industry must be based upon a
comparison of what is currently being emitted from the
plant and what is an allowable emission, based upon
Table 1 (p. 27) for a specific type of plant. If no
emission standard for the industry has been adopted or
recommended the designer must compare once again the
plant's emission with the allowable air standard shown
in Table 2 (p. 28) for each contaminant. He must com-
pute the downwind ground level concentrations of con-
taminants, using the equation and methods suggested in
Part 2 of this section for every possible wind speed,
stability class and downwind distance. This may re-
quire a computer program; however, it is the only means
for determining potentially harmful concentrations
under specific atmospheric conditions. If the result-
ing contamination at ground level exceeds the allowable
limits, some form of plant process correction, stack
height increase, or treatment must be used to control
the excess contaminant.

For example, if a copper mining plant emits sufficient
SO from its roasting operation such that X, the SO
levei, downwind at ground level concentration is 498
ug/m on a daily average under given atmospheric condi-
tions, remedial action must be taken so as to reduce
this concentration to below the allowable 365 ug/m3.
Background and projected increases in SO2 must also be
considered. The designer should note that although
Table 1 (p. 27 gives no emission standards for copper
mining and smelting plants -- hence making the use of
Table 2 (p. 28) necessary -- these standards may be
available from the government office administering the
environmental protection program.

The percent removal of contaminants depends upon the
relationship between the present and allowable emis-
sion. In the above case, the percent removal must be

490 - 365 = about 25.5%. If a process change is made

to accomplish the 25% removal, an exact percentage usu-
ally cannot be predicted beforehand. It can only be
estimated and then verified empirically, following the
process modification. If the stack is increased in
height as a solution, the exact increase, H, can be
computed as shown in Part 2 (pp. 29-33) of this spction
to yield all X values downwind of - 365 ug/m . If
treatment systems such as scrubbers or oxidizers are
selected to solve the excess contaminant problem, the
designer must compare the equipment's rated efficiency
at the maximum plant output with that required. He
should select equipment which will yield a stated
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greater efficiency of removal than that required in
order to protect the industry and the environment from
unpredictable occurrences.

4. Treatment Techniques

General

It is normally desirable, from a cost standpoint, to
remove contaminants by changing a process or by height-
ening the stack where emission is occurring. In most
cases, however, the extent to which the formar can be
accomplished is limited because prior commitment of
plant capacity, equipment, and labor. In new plants
some improvements in operation can usually be made to
minimize or eliminate completely the final treatment of
emissions. These are more fully described in Part d.
(p. 39) of this section. Heightening of the stack is a
question of reviewing the structures and economics in-
volved. More description of the use of this method is
given in Part e. (p. 41) of this section. When final
treatment is needed to meet air standards, gas and/or
particulate removal devices are selected. The basic
principles upon which the design and operation of these
devices are based are presented below. However, the
reader is referred to the forthcoming industrial man-
uals, specific to each industry, for details pertaining
to their use for each particular waste air stream.

a. Gas Removal Techniques

Gases can be purified to remove contaminants by
either adsorption, absorption, or some type of
chemical process, usually catalytic conversion.
When gaseous contaminants are removed by enmeshing
on some surface the phenomenon is referred to as
adsorption. This is a physical process depending
primarily upon the amount and type of surface ex-
posed to the gaseous vapor contaminant. Since
odors are generally removed in this manner, the
reader may be familiar with activated carbon
filters used in gas masks. When gaseous contami-
nants are removed by solution in a liquid, or by
soaking up in a solid material, the process used
is referred to as chemical absorption. The gase-
ous contaminants are dissolved in an excess of
ever present liquid. The efficiency of removal
depends primarily upon the relative quantities of
liquid absorbent and gaseous contaminant and the
means of contact between the two media. The third
process is one which chemically changes the con-
taminant, usually in the presence of a catalyst,
to an innocuous material which is harmless to the
environment. Such a system is generally referred
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to as a chemical conversion or catalytic conver-
sion. Typical gaseous contaminants which could be
removed by the above three processes include SO
NO and NH as well as CO or CO when necessari.PrNbably, t1e removal of SO is mast important and
more common in the 1970Y. However, this may
change and the same general type of processes may
be used to remove the other named contaminants.

(1) Gaseous Adsorption Removal Techniques

The gas to be purified comes into contact
with the adsorbent where selective combina-
tion of solid and solute occurs on the pore
surfaces. The best known adsorbents include
activated carbon, silica or alumina gel.
fuller's earth and other clays. Usually the
adsorbent is regenerated. This can be done
by changing the equilibrium conditions and
could involve a change in temperature, in
carrier fluid, or both. Particulate matter
such as dust or soot will also be removed
from the bas by the adsorbent but it will
plug the pores on the adsorbent surface and
be a physical barrier against adsorption.
For this reason, the gas should be free of
solid particles. A typical reaction is:

Activated Carbon + NH3 -- Carbon NH3

One must realize that, if this technique is
highly successful for removing impurities
with small concentrations ii the fluid, it
becomes less economical in the percentage
range. It also leaves the operator with the
disposal of the same impurity in the carrier
fluid after regeneration.

(2) Gaseous Absorption Removal Techniques

Gases such as SO2 commonly are soluble in
alkaline solutions such as Na CO Na2 SO, or
NaOH. The absorbed SO2 can 2 th n be reAoved
in a more concentrated stream. For example,
one system uses the Wellman-Power gas process
as follows:

HO

so2 + Na2sO3 2 2 NaHSO3
For removal of CO2 one can use the reactions:
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K2 CO3 + H20 + CO2 -) 2KHCO3

CO 2 + KOH -- > KHCO 3

that remove the CO2 from the gas.

The regeneration will proceed as follows:

heat
2KHCO3 - K2 CO 3 + H2 CO3

heat
H2CO3 ----) H20 + C02

The sodium acid sulfite is quite soluble and
serves to concentrate the SO from a dilute
stream (generally only 0.3% n&ximum irL power
plant stack gases). If desired, the SO can
be liberated at a later time from the NiHSO3
by heating it. This results in a concen-
trated SO stream of about 10% suitable to
manufacture sulfuric acid. In this way, no
SO wastes contaminate the atmosphere. Other
sciubbing solutions can be utilized, depend-
ing upon the gaseous contaminant being re-
moved and the subsequent disposition of the
concentrated and fully exhausted absorbent.
The rate of gaseous flow, the quantity of
absorbent, ad thecontact surface exposed to
the gas per unit of time are all important
considerations in the-design and selection of
equipment of this absorbent type. These
processes will give a concentrated flow of
gas after regeneration. In the preceding
examples, SO can be the raw material for
sulfuric acic production, and CO one of the
raw materials for urea manufacturing.

(3) Gaseous Chemical Conversion Techniques

The conversion can be a straight chemical
reaction as in the case of removal of SO
from a flue gas by lime or magnesia. Thii
process is used extensively in the USA for
cleaning the power station stack gases. The
problem of solid waste disposal remains,
however, and is difficult to solve. Some-
times, the reaction will only proceed at
commercial rates if a catalyst is present.
This is the case in automobile catalytic cop.-
verters where the reaction of NO with
hydrocarbons on a platinum base catalyst
produces nitrogen, CO and H 0. The same
technique could be applied to a slcream of SO2
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to produce sulfuric acid. Even more so than
for adsorbents, the gas in contact with the
catalyst must be clean physically (no partic-
ulates) and chemically (no chemical poisons)
to prevent poisoning of the catalyst.

b. Particulate Removal System

It can be expected that there will be particulates
in emissions from vehicles and regional refuse
"dump" areas as well as from any industry, for
example, cement, mining, and steel mill industrial
operations. Particulate matter in the air is
generally accepted to be larger than .0002u but
smaller than 500u in diameter. Depending upon
their size, concentration, and distribution in the
air, they result in mists, smokes, dusts, etc.
Because of the great range of sizes in particu-
lates and their specific characteristics, there
are many potential types of removal systems. All
depend upon the differential size, density, and
electrostatic changes of particles and their ac-
companying air molecules. There are five major
removal systems with which the reader of this
Manual should be familiar: (1) filters; (2) sedi-
mentation; (3) centrifugal separation; (4) elec-
trostatic precipitation; and (5) wet scrubbers.

(1) Filters

These are fine-meshed media purposely de-
signed to "trap" or "screen" the particles as
they move with the air stream. A typical
type of filter is one known as a baghouse and
consists of a number of filter bags very
similar to those used in the household vacuum
cleaner. Since these filters must be oper-
ated continuously, it is necessary to shake
loose and remove the mass of particulates
which have been filtered out. This is accom-
plished by either vibration of the filters or
by scraping the filter surface periodically
and automatically by a moving surface or by
reversal of airflow. If the solids are not
removed regularly, excessive head loss will
develop with subsequent reduction in quanti-
ties of air emissions which can be treated by
the system. The baghouse is an efficient air
pollution control device and can be used for
very small particles.
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(2) Sedimentation Units

For emissions which possess a large percen-
tage of particles greater than 50-75u, simple
gravimetric units can be used for their re-
moval. Sometimes, simple settling is also
desirable when preceding other types of
treatment such as chemical conversion. This
affords protection against malfunctioning or
overloading of subsequent units designed
primarily to remove much smaller particles.
The efficiency of gravitational units de-
creases quite measurably as the size of the
particle diminishes. The diameter of the
largest size particle which can be removed
completely by this method is directly propor-
tional to the viscosity of the air, the mass
velocity of the emission, and the height of
t%2 settling chamber, and is inversely pro-
portional to the length of the settling cham-
ber, acceleration of gravity, and the parti-
cle density. Settling chambers are only
recommended when a better grade of collec-
tion, such as a cyclone, is not economically
feasible or when only very large particles
are generated.

(3) Centrifugal Separators

By designing a chamber so that peripheral
velocities of air and its particles are in-
creased, one can effect a differential sepa-
ration leading to subsequent removal of the
separated fractions. Heavier particles tend
to be thrown to one side of such a device
while lighter particles and free air mole-
cules move very rapidly in the center stream
and pass in and out of such units without
being separated. Units of this type are
commonly called cyclone separators. In order
to effect maximum particle separation in a
cyclone unit, the tangential velocity must be
accelerated which in turn calls for rela-
tively small diameter units. The use of
small diameters leads to magnified pressure
drops, the major objection for the use of
cyclones, for the high pressure drops require
excessive pumping and power costs and/or a
multitude of units to handle a given quatity
of emission. The smallest practical diameter
of cyclone appears to be about 24 cm. To
obtain efficiencies of greater than 80%, the
particle size should not be much less than
5-20u in diameter. In general, reducing the
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diameter of a cycloie by half will result in
about a tenfold increase in head loss; maxi-
mum typical head loss values are about 1.5 cm
of mercury.

(4) Electrostatic Preci2itators

When a current is made to flow by a nega-
tively charged center wire and a positively
charged wall collector, the gas near the wire
is ionized and the particles in turn become
charged. Once the particles are charged they
are drawn by the electric field surrounding
them towards the wall or collector from where
they are removed by hitting the collector or
inclining the collector downward if the
material is tc be removed in the form of a
liquid. The DC voltage applied to ionize the
particles is somewhere between 20 kV and 110
kV. For high efficiencies of removal one
must utilize low flow rates of gas, high
particulate matter velocity, and large col-
lector surface areas. These units are quite
useful where particles to be removed are
relatively small -- in the categories of
mists --- and where pressure drops are a major
concern. The pressure drop is generally in
the area of about 15% of tht of a cyclone
separator. However, decrease in efficiency
and excessive power costs can develop if
solids are not properly removed from the
collector.

(5) Wet Scrubbers

When it is desired to remove particles in the
l-5u size range, either as a pretreatment for
subsequent treatment systems or as the sole
treatment, with high efficiencies, of small
particles in gas streams, liquid scrubbing of
the gas is recommended. Although there are a
multitude of varieties of design for scrub-
bers, essentially tney all consist of a
liquid spray (usually water) in contact with
the gaseous emission so as to entrap the
particles in the liquid. The simplest forms
of a scrubber uses a downward flow of water
spray or drops contacting an upward flow of
the gas emission. Many types of surface
contacts, such as balls, rings, plates, etc.,
are used to enhance the contact and subse-
quent removal of particulates. Sometimes,
head loss systems such as venturis are used
to increase the turbulence and hence contact
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of the gaseous and liquid phases. However,
the velocity increase results in increased
power costs which must be balanced against
the increase in particulate removal expected.

c. General Achieved and Acceptable Removal Effici-
encies

Many factors must be taken into consideration when
selecting equipment for removal of particulates
and chemical gases. Economics or some measure of
cost per unit of contaminant removal is generally
the most important criterion used in arriving at
the ultimate decision. However, some parameters
which influence that criterion include: particu-
late or gaseous size distribution; required effi-
ciency; allowable pressure dtop at various emis-
sicn flows; concentration of particles or gas;
capital and operating cost of treatment systems;
chemical properties of gases in emission; final
contaminant disposition, and the ability to main-
tain the equipment operation with reliability.
The material in Table 3 was obtained from various
sources to give some direction to the reader on
equipment selection; however, each specific case
should be investigated on its own.

d. Redesign of Production System

Serious consideration should be given by project
personnel to making industrial production more
environmentally sound before installing costly
contaminant removal systems. This can be accom-
plished by changing raw materials or processes of
manufacturing or by reusing materials formerly
wasted to the stack emission.

(1) Change of Raw Material (oil for Coal, Low S
Fuels for S Fuels, etc.)

The substitution of oil or natural gas for
coal as a fuel for boilers for industrial
steam production or for power production will
serve to lessen, if not eliminate entirely,
the need for sulfur dioxide removal systems
on the waste gas stream. The change is dic-
tated by air quality criteria and local en-
vironmental meteorological conditions. How-
ever, one shaould balance the normal increase
in fuel cost against the lower cost of air
stream waste treatment required. Sometimes
it might be necessary only to change from a
high contaminant type of fuel to the same
fuel with a lower contaminant level. This
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Table 3

Removal Efficiencies

Treatment Efficiency Pressure loss Temperature Power HP/1000 cfm Costs per Used PrimarilySystem by weight in inches H20 limits of gas ft gas for

Settling chamber Good above 50u 0.2-0.5 700-1000*F limited .04-0.12 .01-.05 Fly ash, meta-
(.5-1.27 cm) only by construc- 17-.5 kw / 5.7-178.5 ¢Llurgical dust.

Hig ef ici ncytion materials ( 1 l0 m0 /min ) --3cI(371-537-C) (

0 High efficiency About 80% on 3-5 700-1000*F limited .73-1.2 .7-.15 Product recov-cyclones particles of lOu (7.62-12.7 cm) only by materials .324-5 kw 3 (250-536 € ) ery woodwork-
of construction 100 TUm/min' m3  material con-(371-537-C) Veying.

Gas cyclone Im- 90% on particles 1-5 700OF (3710C) 24-1.2 .06-.10 Boiler flypingement scrubber of lOu (2.54-12.7 cm) (106-.5 kw (214-357 € ash, cement
l-0m3/min) cl m c linker

m, coolers, air
cleaners for
engines and
turbines.

Electrostatic 80% of 15u No loss 700F (3710C) Power consumption , .05-.15 All dry dust
precipitator varies (178.5-536 ' of lOu and\3 - above



would eliminate the extra capital cost of the
changeover from one type of fuel storage,
feeding and combustion system. Once again,
it may be necessary to pay premium prices for
the higher raw quality of fuels which must be
compared to the resultant abatement costs.
In light of recent scarcities of oil and gas
this system should be carefully scrutinized
before installation.

(2) Change Process or Operation (Increase Temper-
ature of Combustion etc.)

If the possibility exists to alter manufac-
turing of a product in order to ameliorate
environmental effects, this should be attemp-
ted prior to cr in place of final treatment.
For example, an increase in te-aperature of
combustion of power plants or incinerators
will ensure more complete combustion of or-
ganic matter. In this way particulate (un-
burned) organics can usually be eliminated
from smokestack emissions. Nitrogen oxides
emitted from the open burning of refuse can
be reduced by abut 80% by burning the same
refuse in a properly designed and operated
incinerator. Also, the utilization of larger
chemical operations rather than small-batch-
type operations will resulL in greater effi-
ciencies and must less release of by-products
in the waste gases per ton of acid produced.

(3) Reuse Normal Wastes (Recirculate Stack Gases,
etc.)

Instead of discharging stack gases directly
to the atmosphere one should examine the
possibility of reusing the gases for a useful
purpose which also may make the gases less
contaminating to the environment. An example
of this can be found in the cement industry
where shale or limestone is calcined at very
high temperatures to release the C02, impuri-
ties, and all forms of bound water. The gas
emissions contain SO2 from the fuel combus-
tion as well as some unburned limestone par-
ticles (dust). When this gaseous emission is
reused to aid in the initial drying of the
mineral rock, the amount of SO2 and dust can
be reduced in the waste gas per ton of cement
produced. This is one way in which heat gen-
erated can be conserved and at the same time
air pollutants reduced. Reuse may be limited
in some cases by the product requirements.
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Most cements, for example, have an upper limit
of sulfates. The process engineer, once again,
should investigate the potential for reuse
from an economic as well as a technical
basis.

e. Heighteninq of Stack

As described in Part 2b (pp. 31-33) of this sec-
tion, the contaminant concentration at a given
ground point downwind from an emission can be
reduced considerably by heightening the discharge
above the ground. This can be accomplished by
constructing a higher smokestack. The higher
stack costs more money and may also interfere with
air vehicle traffic and render the environment
aesthetically undesirable. Again, the project
director should balance the tangible and aesthetic
costs of higher stacks against the benefits of
lower air contamination resulting from the stack
height incrcase. If lower contamination is man-
dated by law, then it becomes a question of decid-
ing between a higher stack or utilizing one or
more of the other methods previously described for
abating air contamination. Economics would play a
significant role.

B. Wastewater

1. Stream Protection Measures

In general, the quality of receiv.Ing waters can be pre-
served by either or both of two methods: (a) stream
standa-ds or (b) effluent standards. Although the
ultir: tate goal is to raise the qua*.ity of the river or
lake -:o the optinijm for its best usage, it is sometimes
easier to ac7complish this by requiring each polluter to
discharge unLy o given quantity of contaminant or a
given concentration with a stipulated total volume of
wastewater. Many state agencies ascertain the best
usage of a stream and assign certain quality standards
to that water use. Any polluter found adding contami-
nants in such quantities as to contravene these stream
standards is cited as a violater and must then abate
the pollution. A more recent trend followed by some
agencies is to establish the receiving water quality
desired and attempt to maintain this quality by con-
trolling each waste discharge to the minimum contami-
nant units per unit of production or per capita. The
latter is generally determined on an industry-wide
basis from an analysis of effective treatment pot-ntial
on an economically feasible basis. An example of the
stream standards system (a) is shown in Table 4, as
used in New York State, while an illustration of the
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Table 4

New York State Classes and Standards for Fresh Surface Waters

Water Standards
2

Minimum Coliform Toxic wastes, deleterious
dissolved bacteria substances, colored Flonting solids, settleable
oxygen median wastes, heated liquids 3 st-lids, oil, and sludge

Class and best use ml/liter no/100 ml pH odor-producing substances deposits

AA - Source of unfiltered 5.0 (trout) Not to exceed 6.5-8.5 None in sufficient amounts None attributable to sewage
public water supply and 4.0 (nontrout) 50 or at such temperatures as industrial wastes or other
any other usage to be injurious to fish wastes

life or make the waters
unsafe or unsuitable.

A - Source of filtered 5.0 (trout) Not to exceed 6.5-8.5 None which are readily visi-public water supply and 4.0 (nontrout) 5000 ble and attributable to
any other usage. sewage, industrial wastes

or other wastes.
B - Bathing and any other 5.0 (trout) Not to exceed 6.5-8.5

usages except as a 4.0 (nontrout) 2400
source of public water
supply.

C - Fishing and any other 5.0 (trout) Not applicable 6.5-6.5 None in sufficient amounts
usages except public 4.0 (nontrout) or at such temperatures as
water supply and bath- to be injurious to fish
ing life or impair the waters

for any oth.r best usage.

D - Natural drainage, agri- 3.0 Not applicable 6.0-9.5 None in sufficient amounts
culture, and industrial or at such temperatures as
water supply. to prevent fish survival

or impair the waters for
agricultural purposes or
any other best usage.

IClass B and C waters and marine waters shall be substantially free of pollutants that: unduly affect the composition of bottom fauna;
unduly affect the physical or chemical nature of the bottom; interfere with the propagation of fish. Class D and SD (marine) will be
assigned only where a higher water use class cannot be attained after all appropriate waste-treatment methods are utilized. Any
water falling below the standards of quality for a given class shall be considered unsatisfactory for the uses indicated for that
class. Waters falling below the standards of quality for Class D, or SD (marine) shall be Class E or SE (marine), respectively, and
considered to be in a nuisance condition.

2 These Standards do not apply to conditions brought about by natural causes. Waste effluents discharging into public water supply
and recreation waters must be effectively disinfected. All sewage-treatment plant effluents shall receive disinfection before dis-
charge to a watercourse and/or coastal and marine waters. The degree of treatment and disinfection shall be as required by the
state pollution control agency. The minifum average daily flow for seven consecutive days that can be expected to occur once in ten
years shall.be the minimum flow to which the standards apply.

3 Phenolic compounds cannot exceed 0.005 mg/liter; no odor-producinq substances that cause the threshold-odor number to exceed 8 are
permitted; radioactivity limits are to be approved by the appropriate state agency, with consideration of possible adverse effects in
downstream waters from discharge of radioactive wastes, and limits in a particular watershed are to be resolved when necessary after
consultation between states involved.



effluent standards system (b) as used by Pennsylvania

is shown in Table 5.

a. Stream Standards

The main advantaqe of the stream standard system
is the prevention of excessive pollution regard-
less of the type of industry or other factors,
such as the location of industries and municipali-
ties. It also allows the public to establish
goals for present ad future water quality. Load-
ing is limited to what the stream can assimilate,
and this may impose a hardship on an industrial
plant located at a critical position on the
stream. On thu otaer hand, pollution abatement
should be as carefully considered in decisiolis
concerning the location of the plant (see Chapters
VI and VII) as those on labor transnortation,
market and other conditions.

b. Effluent Standards

The effluent standard system is easier to control.
No detailed stream analyses are needed to deter-
mine the exact amount of waste treatment required.
On the other hand, unless the effluent standards
are upgraded this system does not provide any
effective protection for an overloaded stream.
Stancards for effluents are based more on eco-
nomics and predictability of treatment than on
absolute protection of the stream; the best usage
of the stream is not the primary consideration.
Rather, the usage of the stream will depend on its
condition after industrial effluent standards have
been satisfied. Upgrading and conservation of
natural resources are somewhat neglected in favor
of industrial economics.

It is recommended that an appropriate combination
of effluent and stream standards be used; effluent
standards to aid in measurement and assit industry
in operation, and stream standards to protect
receiving waters for their best usage. The latter
standards should dictate the level of effluent
standards for industry.

C. Significance of Standard as it Relates to Govern-
ment

The more local the governmental domain, the more
the government prefers standards in order to pro-
tect the quality of it2 own nearby watercourses.
National or international governments are inter-
ested largely in uniformity and ease of adminis-
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Table 5

Pennsylvania Raw-Waste Standards for Pulp and Paper Mills

Population equivalent, per
ton of product, based on 5- Pounds of suspended solids

Type of product or process day BOD per ton of product
3-day average* 8-hr average 3-day average 8-hr average

Group A
Tissue paper 75 80 40 50
Glassine paper 25 30 15 20
Parchment paper 40 45 20 30
Miscellaneous papers 25 30 5 10
Flax papers - Condenser 375 415 300 350

Group B (specialty group)
Fiber paper 800 850 200 235

t') Asbestcs paper 125 185 290 350
0 Felt paper 210 230 60 65

Insulating paper 2250 2500 325 350
Specialty papers 1000 1200 135 160

Group C (coarse paper) 90 120 35 50
Group D (integrated mills)

Wood preparation 80 100 40 50
Pulp (sulfite) 3000 3500 35 40
Pulp (alkaline) 300 350 20 35
Pulp (groundwood 115 130 80 85
Pulp (de-inked unfilled stock) 500 650 375 500
Pulp (de-inked filled stock) 400 500 600 800
Pulp (rag cooking) 1400 1550 475 500
Bleaching
(long-fiber stock, multi-single-
stage bleaching and short-fiber
stock, single-stage bleaching) 60 70 3 6
Bleaching
(short-fiber stock, multi-stage
bleaching) 165 185 30 35
Paper-making 100 125 75 85

*All averages are for periods of consecutive operation and may be divided by 907 to obtain values per
kilogram of product.



tration of systems to effect the same protection
and hence tend to prefer some type of effluent
standard. Once again, since both types of govern-
ment agencies must be satisfied in matters of
pollution control, industry should plan on meeting
both standards during production cf any product.

2. Dispersion Techniques

a. Outfalls -- These should be designed so as to
distribute the final wastewater after treatment
(if any) to the receiving water in a manner to mix
the entire effluent with the entire receiving
stream in as short a time as possible. This usu-
ally calls for either (1) a pipe discharging at
its end into the center (both hoiizontally and
vertically) of the small section of main stream
fow, or (2) a pipe laid across the entire width of
the stream discharging through jets or spaced
holes so that the flow is uniformly distributed.
Tracers (dyes, salts, radioactive matter, etc.)
injected into the entrance to the outfall pipe
with subsequent analysis of the receiving stream
for the tracer can be used to assess the effi-
ciency of dispersion of waste with stream flow.

b. Diffusion -- If the plant wastewater effluent can
be mixed instantly and completely with the entire
receiving water in a narrow confine of the river
or in a separate race flowing nearer to the plant,
better diffusion can usually be obtained. Other
methods of accomplishing the same effect are in-
stalling mechanical mixing in the stream or adding
rocks and rubble to the stream so as to cause
turbulent flow. Better diffusion in a shorter
distance will enhance more complete assimilation
of the plant waste within the stream with a mini-
mum affect on the wate.rcourse. The main reason
for the minimization of pollition is because of
the lowered concentration of any contaminant re-
sulting from efficient mixing and diffusion.

3. Computation of Treatment Requited

If a regulatory agency decides to dilow an industry to
use a portion of the assimilating capacity of the re-
ceiving water, the agency must r~esort to some method of
predicting an acceptable organic loading. The agency
mekes a decision usually based upon presentation of a
certain minimum concentration of dissolved oxygen in
the stream. Many factors determine the consumption of
dissolved oxygen in streams. Some of these include:
(a) nature of the organic mat ter: -- whether easily
decomposable for normal s'_iuam biota; (b) amount of
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receiving water -- as a diluting effect as well as an
oxygen provider; (c) physical nature of the stream --
swift or sluggish, pools or riffles; (d) biological
nature of the stream -- whether containing adapted
flow, slime growths, benthal deposits, algae growth;
(c) chemical nature of the stream -- whether containing
toxic chemicals, nutrients for promoting biological
growth; and (f) environmental character of the
stream -- temperature and pH of the water. it is not
possible to discuss all of these parameters in this
treatise and the reader is therefore referred to N. L.
Nemerow, Liquid Wastes of Industry (Chapter 3. for a
more complete coverage of-the subject.

In general, industry should determine the ultimate
(20-day) biochemical oxygen demand, BOD 0(g/L), of its
waste and the quantity (cubic meters ot gallons) dis-
charged per day. For the reaction of the receiving
water, the engineer must compute the stream deoxygena-
tion rate, k and its re-aeration rate, k , as well as
the travel tme of the industrial waste do?'stream from
its entrance. From an evaluation of the stream assets
and liabilities, one can predict with some degree of
approximation the resulting dissolved oxygen sag curve
below for the industry as shown in the following Figure
1: FIGURE 1

DISSOLVED
OXYGEN

-5 0 5 10 15 20 25

MILES BELOW ENTRANCE OF INDUSTRIAL WASTE I 2L-14

The Streeter-Phelps sag curve formula is generally used

kI  -klt -kt -k25

D - 1k2 k La  (10 1 - 0 2 ) + Da  2

where Dt = dissolved oxygen deficit at waste travel
time, t, downstream and La = BOD in the receiving
water after the industrial waste Has mixed with the
stream water.
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Several simplifications of the above formula have been
proposed as well as several methods for arriving at the
true values of the stream reaction rates, k and k
Variations in values of the reaction rates 9 an result
in vastly different oxygen sag curves with correspond-
ingly different degrees of waste treatment required.
Considerable cost differences develop from these situ-
ations. Industry often decides to overtreat its wastes
(at greater costs) to protect itself against the unpre-
dictable nature of the stream as well as conservative
decisions of the regulatory agencies.

The project director should reduce the value of L in
the above equation until the D obtained is low en~ugh
(less than 3 ppm is suggested? at critical flow (both
stream and waste). The percent reduction of the indus-
trial plant waste BOD is obtained by calculating the
following:

La (allowable to yield Dt 3 ppm)X 0 0

La (original untreated plant waste)

4. Combined Municipal and Industrial Wastewater Treatment

It is often advantageous to an industrial manufacturing
plant to deliver its entire wastewater -- under con-
trol -- to a municipal sewer and sewage system. The
many advantages of joint treatment of municipal and
industrial wastes are as follows:

a. Responsibility is placed with one owner, while at
the same time the cooperative spirit between in-
dustry and municipality is increased, particularly
if division of costs is mutually satisfactory.

b. Only one chief operator is required, whose sole
obligation is the management of the treatment
plant; i.e., he is not encumbered by the miscel-
laneous duties often given to the industrial em-
ployee in charge of waste disposal, and the
chances of mismanagement and neglect, which may
result if industrial production men operate waste
treatment plants, are eliminated.

C. Since the operator of such a large treatment plant
usually receives higher pay than separate domestic
plant operators, better trained people are avail-
able.

d. Even if identical equipment is required, con-
struction costs are less for a single plant than
for two or more.
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e. The land required for plant construction and for
disposal of waste products may be obtained more
easily by the municipality.

f. Operating costs are lower, since more waste is
treated at a lower rate per unit of volume.

g. Possible cost advantages resulting from lower mu-
nicipal financing costs, federal grants, and muni-
cipal operation can be passed on to the users and
may permit higher degrees of treatment at lower
removal levels.

h. Some wastes may add valuable nutrients for bio-
logical activity to counteract other industrial
wastes that are nutrient deficient. Thus, bac-
teria in the sewage are added to organic indus-
trial wastes as seeding material. These micro-
organisms are vital to biological treatment when
the necessary BOD reduction exceeds approximately
70%. Similarly, acids from one industry may help
neutralize alkaline wastes from another industry.

1. The treatment of all wastewater generated in the
community in a municipal plant or plants enables
the municipality to assure a uniform level of
treatment to all users of the river and even to
increase the degree of treatment given to all
wastewater to a maximum level obtainable with
technological advances.

j. Acceptance of the joint treatment project and re-
linquishment of individual allocations would give
the municipality full control of the river's re-
sources and permit it to use the capacity of the
river to the best advantage for the public at
large. The municipality has greater assurance of
stream protection, since it has the opportunity
for closer monitoring of effluent quality.

Among the many problems arising from combined treat-
ment, the most important is the character of the indus-
trial wastewater reaching the disposal plant. Equali-
zation and regulation of discharge of industrial wastes
are sometimes necessary to prevent rapid change in the
environmental conditions of the bacteria and other or-
ganisms which act as purifying agents, to ensure ample
chemical dosage in coagulating basins, and to ensure
adequate chlorination to kill harmful bacteria before
the effluent is discharged to a stream.

In recent years, two factors in particular have focused
attention on the subject of combined treatment for
sewage and industrial wastes. These are the increased
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interest in stream pollution abatement and the phenom-
enal growth of industry in the post-war years, with the
subsequent increase in demand for water.

Since most sewage plants use some form of biological
treatment, it is essential for satisfactory operation
that extremes in industrial waste characLeristics be
avoided and the waste mixture be:

a. as homogeneous in composition anti uniform in flow
rate as possible and free from sudden dumpings
(shock loads) of the more deleterious industrial
wastes;

b. not highly loaded with suspended matter;

c. free of excessive acidity or alkalinity and not
high in content of chemicals which precipitate on
neutralization or oxidation;

d. practically free of antiseptic materials and toxic
trace metals;

e. low in potential sources of high BOD, such as
carbohydrates, sugar, starch, and cellulose; and

f. low in oil and grease content.

If the industrial waste characteristics are such that
the waste can be treated safely and effectively in the
municipal sewage plant, there still remain two major
considerations: a municipal ordinance which protects
the treatment plant from any individual or industrial
violation and sewer rental charges which enable the
municipality to defray the increased costs of construc-
tion and operation resulting from acceptance of the
industrial wastes.

5. Treatment Techniques

a. Preliminary Techniques

(1) Wastewater Volume Reduction

Although reduction of waste volume per se may
not result in any less total pounds of con-
taminants in wastewater, it will contain the
pollution in a smaller volume. Usually this
means less capital expense for waste treat-
ment. Sometimes when reducing the volume of
wastes, the total quantity of contaminants
will also be reduced. This is accomplished
by incorporating more waste matter in the
final manufacturing product rather than
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allowing it to be wasted to streams. Another
procedure for accomplishing the same result
is to "dry-collect" as much waste material as
possible from manufacturing machines and
operating floors rather than "hosing" down
the same matter into drains. However, this
results in an increase of the solid waste
disposal problem. Likewise, burning of re-
claimed wastes may create an air pollution
situation. One must consider all environ-
mental impacts of manufacturing and process
change decisions such Ls those involved with
a reduction of wastewater volume. Most bene-
ficial changes to effect this reduction can
be achieved by a careful study and evaluation
of manufacturing processes by an industrial
waste engineer.

(2) Waste Strength Reduction

This usually makes a wastewater effluent
stream less pollution-oriented in nature. It
can be accomplished by: (1) changing mechan-
ics or operation of the process; (2) elimi-
nating a step in (or an entire) process;
and/or (3) substituting a lesser contaminat-
ing material or chemical for the original raw
material or process chemical. Segregating
small volumes of "strong" wastes will give an
industry a large volume of relatively weak
waste and a very small volume of strong
waste. Both may be treated in different
manners and sometimes more economically and
effectively than when combined as one waste.
Unless either costs or total pollution are
reduced by waste strength reduction, this
step as an aid in waste treatment should be
omitted. Figure 2 depicts the results of
waste strength reduction on both waste treat-
ment cost and the amount of contaminant re-
maining.

(3) Neutralization

Adjustment of the reaction pH is required for
many reasons in numerous instances. Some of
these are listed below:

(a) to protect sewer lines and plant struc-
tures from corrosion;

(b) to prevent requiring of excessive chemi-
cals for coagulation as a treatment
method;
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(c) to protect optimum bacterial activity in
biological treatment of wastes;

(d) to prevent odors which may emit at low
or high pH values; and

(e) to protect receiving waters from detri-
mental effects of wastes with either
less than 6.0 or greater than '9.5 pH
values.

pH adjustment to correct values can be ob-
tained by (1) adding acid (usually sulfuric)
or base (usually sodium hydroxide or lime);
(2) mixing acid wastes with alkaline wastes
in proper proportion; (3) acidifying with
flue gas; (4) acidifying with submerged com-
bustion (burning of fuel under water); or (5)
passing acid wastes through limestone beds.

FIG1IHE 2
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(4) Equalization and Proportioning

Often when industrial wastes are introduced
into a domestic sewage treatment system in a
uniform volume and strength in accordance
with sewage flows, more effective combined
treatment results.

Equalization involves the holding or reten-
tion of industrial wastes for period of time
sufficient to produce at the discharge end of
the basin a waste more uniform in quality.
This treatment is illustrated in terms of BOD
in the following graph (Figure 3). The opti-
mum retention time depends upon the nature
and repetition of various industrial manufac-
turing processes. For example, a process re-
sulting only once every 24 hours may :cequire
a 24-hour holding period (Figure 3).

B.O.D. FIGURE 3
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WASTE DISCHARGE
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World Bank-16345
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The plant waste may also be discharged in
proportion to the sewage flbw at the treat-
ment plant or to the river flow into which
the waste flows. Proportioning wastes
assures that neither treatment plants nor re-
ceiving streams are overloaded with "slug"
loads of industrial wastes. Proportioning
can be accomplished by pumping or discharging
industrial plant wastes at previously contem-
plated or at instantly signaled rates. The
system requires flow measurement, signal
transmission, and value responses at plant
waste pumping devices. An example of the
effects of one type of proper proportioning
is shown in Figure 4.

FLOW FIGURE 4
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/ ....... .

DOMESTIC SEWAGE
FLOW

PROPORTIONED
PLANT
WASTES

TIME
6 12 6 12

AM NOON PM MIDNIGHT

World Bank-1346

Proportioning of plant wastes can also be
practiced to prevent overloading of a contam-
inant in the system at any one time. This

V-218



often means revising our previous concept and
reducing industrial plant waste flows when
municipal flows and contaminants are high.

b. Suspended Solids Removal Systems

(1) Sedimentation

Many industrial wastes such as cannery, pulp
and paper, and tannery contain suspended
matter. In general, these solids are usually
removed by either differential sediment; tion,
flotation, or screening. Since suspended
matter in wastes is generally more dense than
water, they can be separated by providing
ample retention time to settle.

(2) Flotation

In many instances these types of solids may
contain sufficient surface area relative to
their density so that they may stratify, be
buoyed up, and subsequently floated to the
surface and skimmed off. Air dissolved in
wastewater under pressure and then released
at atmospheric pressures is generally used to
accomplish effective flotation of suspended
solids. Industrial wastes of the kind which
contain suspended solids normally contain
from 1% to 20% of these solids by volume.
Either sedimentation or flotation produces a
sludge with from 2% to 12% solids on a dry
weight basis.

Suspended solids removal by settling or flo-
tation generally reduces the solids by ap-
proximately 70% to 90%. In settling removal
methods an optimum retention time of one to
three hours is required while only 20 to 30
minutes are necessary in flotation solids re-
moval. A typical removal curve is shown in
Figure 5.
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(3) Screening

Screening of industrial wastes is generally
practiced on wastes containing larger sus-
pended solids of variable sizes. Either
rotary, self-cleaning, gravity-type or circu-
lar, overhead-fed, vibrating type units. The
screen sizes vary from coarse (10-20 mesh) to
fine (120-320 mesh). Little or no BOD is re-
moved by screening but generally 60% to 95%
of the larger suspended solids can be re-
moved.

c. Colloidal Solids Removal

(1) Coagulation with Chemicals

These solids may vary in size from 1 mu to
200 mu and border in characte,-istics between
the suspended and dissolved so±ids. They are
small enough to exhibit stability by virtue
of the slight residual electrical charge
(generally negative), but large enough to
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interfere with the passage of light and
therefore cause turbidity. They will not
settle physically unless destabilized, coagu-
lated and flocculated into larger masses with
sufficiently greater densities than water.
Generally, it follows that this is precisely
the treatment that is used to remove them
from industrial wastewater. Coagulants
employed are normally those electrolytes
possessing strong positive charges when d$
solvedn+p waters; for example, salts of FE
or Al . The coagulants appear to react
simultaneously with the negative hydroxyl
ions and the negative colloidal impurities in
the wastewaters. Both are reduced substan-
tially by the reaction. An example of such a
reaction is shown below:

coagulant + water + colloid -- ' precipitate
i.e., stable
A12(S04)3 + 6H + 60H + negative F destablizedcolloidal-(2 AI(0H)3  colloidal|

impurity impurit
PRECIPITATE

In many instances colloidal solids may repre-
sent from 1/3 to i/2 of the total oxygen de-
mand of industrial wastewater. On the other
hand, little benefit will be gained by at-
tempting to employ chemical coagulation to
remove solids which are not truly col-
loidal -- for larger ones could be removed by
settling and smaller ones will not be af-
fected by this method of treatment.

j2) Adsorption

A large number of compounds which are not
amendable to other types o treatment may be
removed from wastes by adsorption. For ex-
ample, pesticides, herbicides, and insecti-
cides may be removed by adsorption on pow-
dered activated carbon. Clays are also used
for some long-chain but relatively small col-
loids. Removal is effected by either passing
the waste through packed columns of adsorbent
or by mixing the waste with the adsorbent and
agitating to cause adsorption. The mixture
is then generally filtered and the adsorbent
with the impurities stop on the filter and
tche purified waste liquid is the filtrate.
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d. Inorganic Dissolved Solids Removal

The removal of certain salts from wastes is begin-
ning to become increasingly more important as con-
centrations of these minerals build up in receiv-
ing waters. These salts often originate from
boiler ash and blowdowns and backwashes from water
treatment plant softeners which are quite common
in all large industrial plants. Among the methods
employed for removing them are: (1) Evaporation;
(2) Dialysis; (3) Ion Exchange; (4) General Ap-
praisal; and (5) Other Methods.

(1) Evaporation

This is a process of bringing wastewater to
its boiling point and vaporizing pure water.
The vapor can either be used for power pro-
duction or condensed and used for heating, or
simply wasted to the surrounding atmosphere.
The mineral solids concentrate in the resi-
due, which may be sufficiently concentrated
for the solids either to be reusable in the
production cycle or to be disposed of easily.
Major factors in the selection of the evapo-
ration method are: (a) economics; (b) ini-
tial dissolved solids; (c) foreign matter;
and (d) pollution situation in the receiving
stream. Scale formation as the wastewater
concentrates is generally a major problem.

(2) Dialysis

This is the separation of solutes by means of
their unequal diffusion through membranes.
It is most useful when recovering pure solu-
tions for reuse in manufacturing processes.
The restrictive characteristics of porous
membranes are due to both a mechanical sieve
action and a physiochemical interaction be-
tween solute, solvent, and membrane. Cellu-
lose nitrate, parchment, and cellophane are
the principal membranes in use today.

(3) Ion Exchange

This is basically a process of exchanging
certain undesirable cations and anions of the
wastewater for sodium, hydrogen, or other
ions in a resinous material. As a means of
waste treatment it is only a new application
of a traditional method of water softening.
It offers great potential for material and
water conservation. Organic matter and pH
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have a pronounced effect on the operation and
efficiency of resin )eds; the leaching of or-
ganic matter from -_,.rtain resins may have a
detrimental effect. Wastewater is passed
through these resinous beds where ion ex-
change occurs until the exchange material is
used up. The resin is then regenerated with
chemicals. Chemicals used for regenerating
resin beds may also require special treatment
before disposal.

(4) General Appraisal

Ion exchange is most useful when water or
chemicals of the highest quality are re-
quired, but it involves complex chemical re-
actions and therefore requires careful opera-
tion and supervision at all times. Ion ex-
change processes sometimes utilize chemicals
for regeneration which are hazardous to per-
sonnel and equipment. Evaporators are uneco-
nomical in certain instances, e.g., when the
flow is light. Dialysic is normally economi-
cal and can compete in efficiency with both
evaporation and ion exchange when the re-
covery of a pure compound is considered es-
sential and when there is considerable dif-
ference between the solids to be removed and
those to pass through the membrane. The de-
cision whether to use evaporation or demin-
eralization can be made intelligently only
after a thorough evaluation of the heat ba-
lance of the plant and expected operating
conditions. These factors, as well as oper-
ating costs, must be considered in relation
to the capital investment needed for either
system.

(5) Other Methods

Less tried but nevertheless sometimes used
methods to remove minerals include: (a)
growing algae with its subsequent removal;
(b) reverse osmosis using pressure to over-
come osmotic pressure and force water through
a semi-permeable membrane; and (c) freezing,
thus effecting a separation of pure water as
ice crystals and salts as slush.
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e. Organic Dissolved Solids Removal

Introduction

Manufacturing of textiles, paper, canned goods,
leather, as well as preparing many food products
such as milk, cheese, and meat results in the
wastage of certain amounts of dissolved organic
matter. This matter is readily available to
micro-organisms ever present in streams as a
source of food, resulting in a diminution of dis-
solved oxygen in the watercourses. Because these
solids are amenable to bacterial degradation,
waste treatment methods are largely patterned
after biological treatment. In effect biological
treatment is that which is occurring in streams
but only differs in that it is accelerated by cre-
ation of optimum environmental conditions for bac-
terial growth. Some types of biological treatment
used on industrial wastes containing a relatively
high percentage of dissolved organic solids in-
clude activated sludge and its many modifications,
trickling filtration and its variations, as well
as oxidation pond treatment.

(1) Lagooning

Lagooning in oxidation ponds is a common
means of both removing and oxidizing organic
matter and wastewater as well. Stabilization
or oxidation of wastewater in ponds results
from several natural self-purification phe-
nomena. The first phase is sedimentation;
some suspended and colloidal matter is pre-
cipitated by the action of soluble salts;
decomposition occurs by microorganisms of
both the settled solids and soluble organic
matter converting it to mineral matter, and
the mineral matter and carbon dioxide are
utilized by algae and other larger plant life
to assimilate the inert matter and to produce
oxygen and organic growth which, in turn,
serves the bacterial population. All the
micro-organisms (bacteria, protozoans, and
algae) live in equilibrium and harmony with
each other in properly designed and operated
lagoons. Two versions of ponds: one deep (8
ft to 20 ft), one shallow (4 ft) are used.
The first permits anaerobic decomposition in
the bottom and aerobic completion of the oxi-
dation in the surface. Under some conditions
it is desirable to follow the deep pond with
a very shallow one (2 ft or less) to enhance
algal growth and oxygen production. In the
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second, it was attempted to keep the entire
pond depth aerobic; thus these are not used
when there is settleable solids. Oxidation
pond treatment is recommended when land is
available at a low cost, where population
density is low, and where the receiving water
can assimilate a variable amount of residual
organic matter.

Oxidation pond treatment is less effective,
requires much land area and retention time,
can yield odors unless properly designed or
aerated, but is much less expensive to bLild
and to operate. Some ponds develop an algal
growth especially in shallow basins which
assist in providing oxygen to the bacteria as
well as in removing inorganic nutrients.
Some 50% to 75% BOD reduction can usually be
easily obtained with these wastes and one to
three days retention.

(2) Activated Sludge

Activated sludge treatment consists of aerat-
ing biological flocculent growths within the
industrial wastes. Surface for biological
oxidation takes place on the flocculent
growths (floc). With sufficient retention
time for biological reaction, ample supply of
oxygen, and a readily degradable organic
matter to serve as bacterial food, activated
sludge treatment would be effective. In
trickling filtration, the surface for bio-
logical oxidation consists of solid media
such as rocks, plastic, or glass. The sur-
face must provide maximum area for biological
growth, be resistant itself to deterioration,
be relatively light in weight, and allow for
sufficient pore or void space for heavy volu-
metric loadings of industrial waste. Oxygen
for biological oxidation in trickling filters
comes from the void area in the media. As
the gelatinous coating builds up on the media
some sloughs off and is removed by final
clarification. Some seed material after fil-
tration is usually returned to the filter
inlet to keep the media biologically active.
Both activated sludge and trickling filtra-
tion are capable of removing from 80% to 90%
of the BOD.

Normal design loadings for activated sludge
units are in3 the range of 35 pounds of BOD
per 1000 ft (565 kg/1000m ) of aeration
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basin and about 1000 ft3 (61.8m3kg) of air is
provided per pound of BOD removed. Air is
provided either from compressors or by me-
chanical means as a result of high-speed
rotation of submerged rotors. Retention
times vary from 6 to 24 hours. Various de-
grees of efficiency can be obtained by con-
trolling the contact period and/or the con-
centration of active floc. The desired con-
centration of active floc is maintained by
recirculating a specific volume of secondary
settled sludge, normally about 20% of the raw
wastewater flow.

(3) Other Modifications of Activated Sludg,

There are many biological aeration systems
somewhat similar but also significantly
different from the conventional activated
sludge treatment process. They are each de-
signed specifically either for certain types
of waste or for certain quality of effluent,
or both. Some of the major ones include:
(a) modified aeration (tapered aeration)
which supplies air at points where the organ-
ic oxygen demand is greatest and lessens the
supply at points where the demand is les-
sened; (b) dispersed growth aeration recir-
culates seconday effluent rather than sludge
and utilizes longer aeration retention times.
It is especially useful for organic wastes in
which the solids are highly dissolved instead
of colloidal; (c) contact stabilization uses
a shorter period of aeration with recircu-
lated sludge and a longer, separate sludge
reaeration period; (d) total or extended
aeration provides a long -- usually 24 to 36
hours -- aeration period so as to "use up"
the organic cell growths which form during
oxidation. This system is useful for smaller
industrial plants where final sludge solids
handling would be burdensome; and (e) brush
aeration which accomplishes the aeration by a
rotating cylinder partially submerged and
fixed across the width of an elipitcal chan-
nel. Settling and sludge recirculation (if
used) occur in subsequent segments of the
elipitcal channel system.

(4) Trickling Filtration

This treatment pi-x. s is one which utilizes
fixed surface areas for biological growth and
oxidation over which the organic wastes are
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fed. The fixed biological units are usually
some form of erosion-resistant rock material
such as granite or traprock. However, other
equally resistant surface material such as
glass or plastic can be used, provided it has
the structural stability required in deep
beds of six feet, the surface area needed for
growth, and pore capacity to filter waste-
water rapidly and hold ample oxygen. The
surfaces readily and rapidly become coated
with a gelatinous slime growth after repeated
and continuous dosing with the wastewater.
These growths absorb and oxidize dissolved
and colloidal organic matter from the wastes
applied to them. A flocculent humas-like
residue or sludge accumulates on the surface
and when it gelts too heavy it will slough off
and resettle in the secondary settling basin.
Trickling filters when Aoaded at abou 35
pounds of BOD per 1000 ft (565 kg/1000m ) of
filter bed will also remove 85% of the BOD
load applied when followed by secondary sedi-
mentation and when utilizing either some re-
circulation in beds of depths of 4 ft (1.22
meters) or no recirculation in beds of the
depth of 6 ft to 7 ft (1.83 - 2.13 meters).
Variation in removal efficiencies of this
process may be obtained by increasing the
recirculation rate and/or adding a series of
filters and varying the flow sequence
arrangement.

(5) Biodisc Treatment System

This is a rotating biological disc system
consisting of a number of large-diameter,
light-weight plastic discs, which are mounted
on a horizontal shaft and placed in a semi-
circular-shaped tank. The system has all the
advantages of an activated sludge unit but
with much less power required and the advan-
tages of a trickling filter unit but with
more efficient utilization of the surface
area. The use of closely spaced parallel
discs achieves a high concentration of active
biological surface area. This high concen-
tration of active organisms and the ability
to achieve the required aeration rate by ad-
justing the rotational @eed of the discs
enables this process to jive effecitve treat-
ment to highly concen .ated wastes. Loadings
in the range2 of 5 t,, 15 pouids of BOD per day
per 1000 ft (5' kg/1000m ) of surface area
will result usuially in more than 75% BOD
removal.
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(6) Spray Irrigation

Spray irrigation is an adaptation of the
familiar method of watering agricultural
crops by portable sprinkling-irrigation sys-
tems; wastes are pumped through portable
pipes to self-activated sprinkler heads.
Light-weight aluminum or galvanized piping
equipped with quick-assembly pipe joints can
be easily moved to areas to be irrigated and
quickly assembled. Wastes are applied as a
rain to the surface of the soil, with the
objective of applying the maximum amount that
can be absorbed without surface runoff or
damage to the cover crops. A spray irriga-
tion system is composed of the following
units: (1) the land on which to spray; (2) a
vegetative cover crop to aid absorption and
prevent erosion; (3) a mechanically operated
screening unit; (4) a surge tank or pit; (5)
auxiliary stationary screens; (6) a pump
which develops the required sprinkler-nozzle
pressure; (7) a main line; (8) lateral lines;
and (9) self-activated revolving sprinklers
operating under 35 to 100 psi (2.38-6.8 atm)
nozzle pressure. With good cover crops of
dense, low-growing grasses and fairly level
areas, waste to a depth of 3 to 4 inches
(7.62-10.16 cm) can be applied at a rate of
0.4 to 0.6 inch per hour (1.02-1.52 cm per
hour). The potential for the dual purpose
system of disposinig of wastewater and growing
crops for food makes spray irrigation a
desirable system for both developing and
developed countries.

(7) Other Systems

The removal of organic dissolved solids can
also be accomplished by more sophisticated
and specially designed treatment systems.
Some of them include:

(a) Wet Combustion Technique which burns
wastewater at elevated pressures (1200
psi -- 81.6 atm) is an excellent process
for rapid oxidation of organic matter
when steam is essential and inexpensive
enough to justify the cost of the equip-
ment. Wet combustion can maintain it-
self only when the waste has at least 5%
solids of which at least 70% are organ-
ic. The potential exists for recovery
of expensive inorganics such as ash.
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(b) Anaerobic Digestion is a bacteriological
process for oxidizing organic matter in
closed vessels in the absence of air.
Generally anaerobic processes are less
effective than aerobic processes, mainly
because of the small amount of energy
that results when anaerobic bacteria
oxidize organic matter. Anaerobic pro-
cesses are therefore slow and require
low daily loadings and/or long retention
periods. However, since little or no
power need be added, operating costs are
very low. Where liquid waste volumes
are small and contain no toxic matter
and there are high percentages or readi-
ly oxidizable dissolved organic matter,
this process has definite advantages
over aerobic systems.

(c) Deep Well Injection disposal of wastes
containing dissolved organic matter by
injecting them into deep wells has been
successful in areas of low or nonexis-
tent streamflow, especially when wastes
are malodorous or toxic and contain
little or no suspended matter. To be
effective, the wastes must be placed in
a geological formation which prevents
the migration of the wastes to the sur-
face or to groundwater supplies. Other
factors to be considered in addition to
geology are depth and diameter of wells,
injection pressures, and the volume and
chracteristics of the wastes.

(d) Foam-Phase Separation can be used on
concentrated organic wastes which pos-
sess a high degree of foamability. A
sparger produces small gas bubbles
(usually air) on a tank bottom and when
these bubbles rise through the liquid
they absorb surface-active solutes and
suspended matter. When the bubbles
reach the surface, a foam forms, which
is forced out of the foamer, collapsed,
and discharged as a concentrated waste.

f. Treatment and Disposal of Sludge Solids

Introduction

Of prime importance in the treatment of all liquid
wastes is the removal of solids, both suspended
and dissolved. Once these solids are removed from
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the liquids, however, their disposal becomes a
major problem. When the solids-disposal system is
poor, the solids tend to build up on the fluw-
through treatment units, and overall removal
efficiencies then begin to decrease. Therefore,
proper sludge handling enhances the overall treat-
ment of all wastes. Sludges are usually anaerobi-
cally digested, concentrated and lagooned or re-
turned into the land, or diici on specially
designed drying beds. Other sludge treatment sys-
tems such as centrifuging, barging, incineration,
etc., are used in specific circumstances.

Sludge Treatment (Concentration and Preparation)

(1) Digestion

Digestion is commonly used for sludge solids
which are relatively high in organic matter.
It is a convenient method to use when the
volumes of sludge would otherwise be expen-
sive to handle from a labor standpoint and
where initial capital expense is not a major
deterrent. Digestion is a slow microbiolog-
ical process carried out in a sealed reaction
vessel for 20 to 60 days. Products of diges-
tion include combustible gases such as me-
thane, organic acids remaining in the super-
natant liquor, and digested solids of about
the same solids content as the raw solids (5%
to 10%) but much lower organic matter (35% to
65%). After digestion, the sludge is dried
and/or burned, or returned to the land for
soil conditioner. pH (7-7.4), orginic solids
load~ng (0.1 to 0.3 pounds per ft (1.60-4.8
kg/m ) per day), and mixing of tank contents
(mechanical, sludge recirculation, or gas
recirculation), and tank contents temperature
(90 degrees F -- 32.2 degrees C) are care-
fully controlled in order to ensure efficient
digestion.

(2) Vacuum Filtration

Vacuum Filtration is a means of dewatering
sludge solids in order to reduce the solids
volume and to facilitate its handling. In a
typical unit, a porous cylinder overlying a
series of cells revolves slowly about its
axis with its lower portion passing through a
trough containing the sludge to be dried. A
vacuum applied from inside the cylinder picks
up a layer of sludge as the filter surface
passes through the trough. When the cylinder
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has completed 3/4s of a revolution, a slight
air pressure is produced on the appropriate
cells, which aids the knife edge to dislodge
the sludge in a thin layer. Sometimes, chem-
icals are added to the sludge to enhance the
filtration rate which should be from two to
ten pounds of dry solids per square foot per
hour. When space is limited and good mechan-
ically trained personnel and shop equipment
are available, vacuum filtration is recom-
mended for sludge concentration (to about 70%
water).

(3) Drying Beds

These remove moisture from sludge, thereby
decreasing its volume and changing its phy-
siochemical characteristics so that sludge
containing about 25% solids can be moved with
a shovel or garden fork and transported in
watertight containers. Sludge filter beds
are usually made up of 21 to 24 inches
(53.34-60.96 cm) of coarse sand, and about 12
inches (30.48 cm) of coarse gravel beneath
the sand. below the gravel, the earth floor
of the bed is pitched to a slight grade into
open-joint tile underdrains 6 or 8 inches
(15.24 or 20.32 cm) in diameter. Disposing
of the underdrain liquid sometimes is a pro-
blem; this should never be discharged without
an analysis of its constituents and usually
some form of treatment. Drying time is
dependent on dosing depth, eight inches
(20.32 cm) being generally accepted as most
desirable for rapid drying, as well as on
climate. This form of sludge solids treat-
ment is recommended for regions of plentiful
land and sunshine, scant rainfall, low rela-
tive humidity, and more than average wind
velocity since water is separated from the
solids by both evaporation and draining.

(4) Centrifugation

This is a method of concentrating sludge to
enhance final disposal. Installations now
using 20 hp (14.9 kw) built-in drive mctors
can handle 3000 to 4000 gallons per hour of
waste sludge containing 0.5% to 0.75% sclids
on a dry basis. Speeds of bowl revolution
reach 6100 rpm. The resulting sludge can be
concentrated to about 5% solids. The centri-
fugal force throws the denser solid material
to the wall of the bowl, where it is dis-
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charged through nozzles located in the peri-
phery. The effluent from which the solids
are separated travels towards the center of
the bowl. This form of sludge concentration
is reconuaended when electrical power is
available at a reasonable price and both
space and labor for other sludge concentra-
tion systems are lacking.

Ultimate Sludge Disposal

(5) Lagooning

Lagooning (storage) in natural or artificial
earth basins is practiced when suitable land
is available and the cost of other ultimate
means of disposal is prohibitive. Factors to
be considered when using this method include:

(a) nature and topography of the dis-
posal area;

(b) proximity of the site to population
area;

(c) meteorological conditions, espe-
cially whether prevailing winds
blow toward or away from populated
areas;

(d) soil conditions;

(e) chemical composition of sludge
(toxicity and odor-producing con-
stituents);

(f) proximity to surface or groundwater
supplies;

(g) effect of waste materials on the
porosity of the soil;

(h) means of draining off the super-
natant liquid to provide more space
in the lagoon;

(i) fencing and other safety measures
when the lagoons are deeper than
five feet; and

(j) nuisances, such as weed growth,
odors, and insect breeding. La-
goons vary in depth depending upon
local conditions.
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(6) Sludge Barging or Pumping

Barging and pumping are means of final dis-
posal of sludge and are applicable mainly to
coastal industries and are especially useful
where there is little or no land space for
sludge storage. There are no recommended
standard design techniques or procedures for
such systems. The system selection for
solving each industrial sludge problem of
this type is based upon specific and special
considerations of any one plant. The project
manager should be aware of the real conclu-
sion that no resource to which the sludge is
being transferred is unlimited in capacity.
Oceans have become contaminated with sludge
products and recreation and fishing uses of
these waters have been violated in certain
cases. Ocean dumping by barging or pumping
should be considered only as a temporary
method of ultimate disposal and one which
must be selected after evaluation of the
capital expense involved in purchasing ships
or pumps and long pipelines.

(7) Drying and Incineration

A large volume of sludge can be reduced to a
small volume of ash which is free from organ-
ic matter and therefore easily disposable, by
a combination of heat drying and incinera-
tion.

Usually sludges are "flashed" dried by pas-
sing the sludge through a stream of hot
gases, which ensures practically instantan-
eous removal of moisture. When hot gases
created by the drying and oxidation of the
sludge itself are used directly for drying,
there are no conversion losses. After the
flash drying, the gas containing sludge
particles usually passes to cyclone separa-
tors, where the dried sludge is separated
from the moisture carrying cooler gases.
This sludge can be used for returning to the
land for agricultural purposes or reused by
an industry as a starting raw material --
depending upon its dried solids content.
Unused dried sludge is incinerated by blowing
it through a duct to a burner in the combus-
tion chamber of a furnace. The sludge blower
simultaneously supplies air for combustion.
Combusted gases are recirculated and returned
to the furnace to eliminate their odors. Ash
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is removed from the furnace bottom either
manually or by sluicing with water. Furnaces
should provide for the release gf aboit
12,000 BTU per cubic foot (108 x 10 cal/m)
of furnace volume per hour.

When small volumes o4 irregularly produced
industrial sludges are discharged, they can
be burned in "pit-type" incinerators consist-
ing of a rectangular pit lined with fire-
brick. Air is supplied and distributed so as
to retain particulates. It is less efficient
than the larger flash drier-incinerators and
should be used only after considering the
plant location relative to the prevailing
wind and nearby development.

(8) Atomized Suspension

With certain high solids concentration type
of industrial sludges, it is possible to
spray the slurry in the top of a tower, the
walls of which are maintained at an elevated
temperature (by hot gases). No external
gases mix with the drying sludge solids which
are recovered by cyclone separation for reuse
or further treatment at the bottom of the
drier. The hot gases released (usually only
water vapor) are taken off the top of the
cyclone separator and cooled by passing
through a condenser or are recirculated
directly to the drier for heating the walls.

(9) Wet Combustion

In this process oxidation of sludge solids
with at least 5% to 10% solids content of
which most (60% to 90%) are organic is
brought about by continuously pumping the
sludge and air at elevated temperatures and
pressures into a reactor vessel. Combustion
occurs as the oxygen in the compressed air
combines with the organic matter in the
sludge to form CO and N, and steam while the
ash remains in thi residual water. The char-
acteristics of the final products of ash,
condensate and gases depend upon the operat-
ing temperatures and pressures as well as the
sludge character and flow-through rate. Typi-
cal pressures of 500 to 600 psig (34 to 40.8
atm) and temperatures of 400-500 degrees F
(204-260 degrees C) are used. The process is
recommended where other means of ultimate
disposal of large sludge volumes are either
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unavailable or unacceptable and where initial

capital costs are not a major concern.

(10) Miscellaneous Sludge Treatment Methods

Other systems which are sometimes used for
further sludge concentration include:

(a) flotation and thickening;
(b) chemical coagulation;
(c) mechanical concentration by rotating

paddle contactors; and
(d) composting.

All of these provide a sludge after treatment
which is of lesser volume and of more use for
some ultimate purpose (usually for land
disposal). All are recommended for consider-
ation where transportation costs to the land
areas are relatively high but where land
utilization as a means of ultimate disposal
is called for and where a certain moisture
content may be desirable. The references in
Section IX can be consulted for specific pro-
cess design and details of operation.

g. Bacteria of Micro-organism Removal

Some industrial wastewaters such as tannery,
slaughterhouse, and cannery effluents may contain
undesirable micro-organisms which either interfere
with their reuse or with their introduction into
the envirionment. Removal of Micro-organisms is
recommended when the wastewater is being dis-
charged into a receiving stream used for drinking
water or swimming or being reused within a plant
and coming into contact with an edible or deter-
iorative product. In these cases they can be
disinfected generally by the use of chlorination,
ozonation, ultraviolet radiation or other means.

(1) Chlorination

This involves contacting the wastewater
thoroughly with liquid chlorine for suffi-
cient time (usually 15 to 30 minutes) to pro-
vide a residual chlorine content of about 0.5
parts per million. The contact time and
quantity of chlorine required will both vary
with the nature of the wastewater and espe-
cially the organic matter content. For this
reason chlorination is used as a final pro-
cess after organic matter has been removed
from the wastewater.
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(2) Ozonation

Air is passed over a hot wire system and the
liberated ozone (0 ) is conveyed into the
wastewater in sufficient amounts for ample
time so as to render the wastewater suffi-
ciently free from bacterial contamination for
discharge or reuse. Free ozone is difficult
to measure or maintain in the effluent and is
often more costly to produce but has been
shown to be quite effective.

(3) Ultraviolet Radiation

This method can be used in ceitain cases
where the suspended and colloidal solids
content of the wastewater is relatively low
and where a drinking water supply is not
involved. Wastewater is simply passed slowly
in a relatively shallow layer under a bank ef
ultraviolet lights during which time micro-
organisms are killed.

C. Land

1. Use of Standards

a. Inplace Conditions

The land and the surrounding environment is pro-
tected by municipal (local) regulations generally
put forth in the form of ordinances. Each ordin-
ance will vary in its details depending upon the
local conditions as well as the larger (county,
state or national) minimum requirements. The sub-
jects ordinarily covered by a final disposal pro-
vision of solid waste removal ordinance will
include the following:

(1) definitions:

(2) responsibility for reuse disposal;

(3) management of disposal facilities (designa-
tion of authorized sites and facilities, who
may use sites, responsibility of site users,
salvage);

(4) control of types of refuse (separation of
refuse, hazardous refuse, dead animals);

(5) control of private sites;
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(6) on-site disposal;

(7) air pollution controls;

(8) financing;

(9) penalties for violations; severability; and

(10) accounting of refuse disposal of toxic
wastes.

Any industry utilizing municipal disposal facili-
ties should consult these ordinances carefully
before agreeing to use them. If private facili-
ties are selected for disposal by industry, local
ordinances should be examined for all provisions
related to their acceptable use. A practice of
requiring a permit or license for all private
(industrial) use of land for solid waste disposal
is quite common and ensures that the plant com-
plies with all local ordinance requirements.

The disposal land alone is not the only concern
for the pocket manager, but also the surrounding
air and groundwater. While the air quality is
generally controlled by either air standards in
general effect in the disposal area or in the
ordinance specifically related to air quality,
groundwater quality is less defined.

b. Leachate Control

In solid waste landfill disposal sites which
become supersaturated because of artificial wet-
ting, inadequate drainage of surface run-off from
the site, or inundation by high ground water, the
chance of leachate groundwater pollution exists.
Most landfills will eventually produce leachate,
the first appearance of which depends on site
conditions, including surface grading, vegetation
and soil parameters such as soil type, thickness,
density, permeability, field capacity and initial
moisture content. The leachate produced by solid
wastes in a sanitary landfill may be highly pollu-
ted, especially in the relatively early life of
the fill. The composition of the leachate depends
greatly upon the industrial solid waste itself.
In general, it tends to be acidic and contain
great quantities of dissolved minerals and sus-
pended matter. Leachate which impairs groundwater
can be prevented if the landfill is so located and
constructed that no portion of it intercepts
groundwater. A minimum distance of two feet is
recommended between the maximum groundwater level
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and solid waste depth. A natural or artificial
layer of 1 ft to 3 ft (.304-.912 meters) of clay
or a sheet of synthetic liner will help ensure
separation of the water and solid waste. The in-
tercepted water should be drained away from the
site by gravity or pumped intermittently by a
well-point system. Surface water streams should
be diverted away from the landfill disposal sites
by either regrading or collection and redirection
of streams expected at least once in 50 years.

c. Gas Control

When industrial refuse such as cannery residues
contains considerable quantities of organic
matter, decomposition gases result in the land-
fill. These gases are mainly CO and CH4 but mayalso contain some NH and H S, dpending upon the
composition of the iAdustriZl refuse. Some gases
are explosive (CH ) and others are odorous and
poisonous (NH andA S). In general, no extensive
damage to pesons ii the immediate landfill area
occurs when the gases can disperse slowly, contin-
uously, and completely into the atmosphere. Gases
can be vented to the atmosphere, when the soil
and/or refuse type are impermeable, by the con-
struction of gravel vents or gravel filled tren-
ches. A moist clay barrier can also be used to
contain all the gas in a certain section of the
landfill which is then vented through a pipe
collection system to the atmosphere.

d. Significance of Standards (Local, National and
International)

Solid waste disposal standards or resulting land
use standards are extremely variable from one
locality to the next, depending mostly upon the
availability of sufficient land, density of the
population, and concern of the citizens [or pro-
tection of the quality of the environment. Al-
though national codes and requirements normally
dominate performance standards in local opera-
tions, the latter are greatly influenced by munic-
ipal laws. Municipal laws often are confusing,
unenforceable, and conflicting. The reasons for
the complexity of local ordinances are based on
the dichotomy that all solid wastes must be re-
turned to the land but no one wants their land or
land near them to be used for this purpose.
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2. Collection and Delivery Concerns

Industrial refuse can be collected and delivered for
final disposal by one of three methods:

a. Collected by the plant itself and disposed of on
the plant property;

b. Collected by a private contractor and disposed of
outside the plant property; or

c. Collected by a local government and disposed of in
a municiaplly owned or leased land area.

In the United States about 30% of all industrial refuse
is handled by (a); about 57% by (b), and only 13% by
(c). The form of the solid refuse from any plant may
be a liquid, semi-liquid, as well as packaging, films,
sheets, granules, shavings, turnings, powders, and
defectively manufactured products of all shapes and
sizes. The collection system selected by an industrial
plant will have little ultimate effect on the environ-
ment. The least expensive and most efficient collec-
tion system should be used. It should provide for
continuous, complete, and clean removal of solid waste
from the industrial plant site.

3. Treatment Techniques

a. Sanitary Landfill

This method is defined as an engineered method of
disposing of solid wastes on land by spreading
them in thin layers, compacting them to the small-
est practical volume, and covering them with soil
each working day in a manner that protects the
environment. The selection of a site and the
operation and design should be based on a syste-
matic, integrated study and an evaluation of all
physical conditions, economics, and social/
political constraints.

If the industrial refuse is largely organic in
nature, it will degrade biologically in the fill
and yield solid, liquid, and gaseous products.
The liquid and gases must be handled as described
in Parts lb and lc (pp. 69-70) of this section.
The solid residue remains quite inert and porous.
Each type of organic waste degrades to a different
extent and at a different rate. For example, can-
ning plant residues decompose quite readily and
completely while plastics, rubber, and glass de-
compose very slowly, if at all. Initial decompo-
sition is aerobic and will yield products such as
CO^, water, and NO while subsequent biological
briakdown products ill be anaerobic, such as CH4,
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organic acids, NH, and sulfides, as well as some
CO t and water. a knowledge of the composition
of the industrial refuse and the porosity of the
soil, the project engineer can predict the type
and amount of degradation products, including the
final refuse volume remaining. This is especially
helpful in ascertaining the life of a given fill
area and in predicting the extent of gas and lea-
chate problems to be encountered. Most of the in-
formation currently available relates to municipal
refuse, but since this normally contains a consid-
erable percentage of industrial waste, some of the
data pn be extrapolateg. For example, Merz and
Stoner' found that 40 ft of gas were produced per
cubic yard of solid waste over a 907-day period.
Theoretically, complete decomposition of a 75
organic 3matter residue will yield up to 6.6 ft
(2.01 m ) of gas for each pound (.45 kg) of re-
fuse. It is good practice to prevent excessivelandfill water infiltration by:

(1) diverting incoming drainage;
(2) draining and grading the daily soil cover to

enhance runoff; and
(3) adding clay to cover soil to decrease per-

meability.

Soil cover (daily) serves many purposes. For
example:

(1) controls flies;
(3) controls rodents;
(3) prevents seavenging bird feeding;
(4) prevents moisture;
(5) prevents or enhances gas emerging through the

cover;
(6) prevents erosion and provides good appear-

ance; and
(7) grows vegetation

Six inches of compacted sandy loam is recommended
for daily addition and two feet of final soil is
recommended to grow vegetation after fill is
ended. The soil cover used will depend upon the
final desired use of the filled land. Peat and
highly organic soils are not recommended for soil
cover because of compaction difficulties.

l/Merz, R. C. and Stone, R., "Special Studies of a Sanitary Land-
fill," Washington, D.C., US Department of Health, Education,. and
Welfare, 1970. (Distributed by National Technical Information
Service, Springfield, Virginia, as PB-196, 240 p.)
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Refuse can usually be compacted in t~e fill to
1000 pounds per cubic yard (592.7 kg/m ). If the
designer knows the volume of refuse collected
daily and its weight, he can compute the volume of
fill required daily. He can then predict the life
of the fill area, if he establishes the final
height and area of the fill.

Site improvements are usually necessary to allow
for freer flow of truck traffic in and out of the
area, construction of buildings, fencing, and
utilities necessary to carry out efficient land-
fill operation.

The two basic landfilling methods are trench and
area types. In general, the trench method --
where waste is spread and compacted in an excava-
ted trench -- is used when the groundwater is low
and the soil is more than 6 ft. deep. It is best
employed on flat or gently rolling land. The area
method can be used on most topographies and is
often used if large quantities of solid waste must
be disposed of. In the area method, the waste is
spread and compacted on the natural surface of the
ground and cover material is spread and compacted
over it. It is recommended on all types of land
but especially in natural land depressions. Usu-
ally all fills are done in almost square cell
units so that a cell can be completed daily and
covered immediately with a minimum of fill.
Therefore, the cell should be as deep as practical
so as to minimize the surface area involved (and
thus use less cover). Trenches can be as deep as
soil and groundwater conditions safely allow, and
should be at least twice as wide as any compacting
equipment will work in it. Final slopes of the
fill should be graded to at least 3 to 1 to induce
drainage away from the fill and to prevent erosion
of the cover.

The disposal of industrial solid or liquid wastes
in landfills should be contingent upon whether
they will be hazardous to the environment. If
they are deemed hazardous -- such as radioactive
or explosive wastes -- they should not be accepted
unless special provisions are made for environ-
mental protection. These provisions will be dis-
cussed in the appropriate separate manuals.

Because every landfill settles to some extent, the
surface should be periodically inspected and soil
added and regraded when necessary.
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b. Grinding (Shredding)

In situations where the type of plant refuse isvariable in size, shape, and consistency, grinding
can be used to make the solid waste more uniform.
This is especially desirable where using incinera-
tion or landfilling as major final treatment
methods. Firing a uniform product into an inciner-
ator is desirable from an operating efficiency
standpoint. Landfilling a ground solid waste en-
hances compaction (both in transfer trucks and in
the landfill), decomposition, and rat and odor
control. It minimizes the amount of cover soil
required. Grinding requires increased power des-
pite the fact that little additional labor cost is
needed. However, in many instances the increased
power costs have been more than compensated for by
lower and more efficient subsequent treatment
costs.

c. Incineration -- Central and Individual

Incinerators are power plant-like structures de-
signed to burn solid wastes under controlled, nui-
sance-free conditions, and at relatively high
temperatures (1500'F-1900'F) for the purpose of
reducing the combustible components to an inert
residue which can then be readily disposed of by
landfilling or, after further treatment, as a
roadway or construction material.

Since incinerators for solid wastes are generally
purchased as a "puckage" from an equipment manu-
facturer, the project engineer can contribute
relatively little to the design of the unit. The
engineer can make certain, however, that the in-
cinerator is designed for high temperature combus-
tion to prevent odors, for complete combustion of
all solid waste to minimize residue for ultimate
disposal, and for reuse of the combustion products
for energy production to minimize treatment costs.

In addition, it is extremely important for project
personnel to know when to select incineration as a
prime method of refuse treatment. The following
include some of the major factors favoring a deci-
sion for selection of incineration: (1) lack of
abundant land for disposal; (2) availability of an
ideal central station site to minimize transpor-
tation costs and optimize environmental (aesthe-
tic) appearances; (3) production of a very small
volume residue of organic-matter-free ash; (4)
availability of a siLe relatively unaffected by
local weather conditions. This treatment can
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handle a variable daily load with great efficiency
and can provide many by-product potentials, in-
cluding waste heat, salvageable metals and ash.
It is equally important to oe aware of situations
which may dictate against incineration. For exam-
ple, (1) a suitable central site in a densely
built-up area at a reasonable cost is often diffi-
cult to find; (2) management and operational
skills required are of a relatively high order;
and (3) a large capital investment with relatively
high operating costs may be required. Inciner-
ation must be recognized not as an ultimate dis-
posal system in that a disposable ash still re-
mains.

The major components of a basic incineration sys-
tem and their function are summarized briefly in
Table 6 as follows:
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Table 6

Major Components of a Basic Incineration System

Component Function

1. - Truck scale Weighing, indicating, and
recording of solids

2 - Tipping floor Maneuvering, positioning
and dumping of collection
trucks and trailers

3. - Storage pit Providing about 24 hours
feed storage

4 - Cranes Charging the furnace via
grapples

5 - Residual (ash) removal Quenching bath and con-
veyor belt for continuous
removal of flyash and
undergrate siftings

7 - Gas cleaning system Cooling and scrubbing (or
precipitating) the par-
ticulate matter from the
stack gas

8 - Exhaust stack Providing proper positive
air draft flow (enhanced
by induced draft fans) of
combustion gases

9 - Building Providing space for ad-
ministration, washroom
storage, and all services
excluding tipping and air
pollution control

10- Exterior treatment Providing parking and
transportation services
in an aesthetically plea-
sing a setting as possi-
ble.

In addition, fragmentizers, pathological incinerators, electro-
static precipitators for stack gases complete particulate matter
removal, and various means of residual handling are often util-
ized when and if economic and environmental conditions justify
the expenditure.
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Incinerators, whether local or central, should be
located so as to be readily accessible to existing
main highways, to utilities such as water, elec-
tricity and telephone, should not pose any sani-
tary or health problems in general or to neighbor-
hood communities in particular. Specifically, it
may be desirable to locate central incinerators
(1) near to a Power station for zoning and traffic
enhancement and for utilization of the excess heat
obtained from burning refuse; (2) near to an
ocean, bay or large river to be used as cooling
waters for spent steam and condensation; (3) near
to the refuse-generating industries to minimize
transportation costs; (4) on favorable subsurface
foundation conditions; and (5) near to inexpensive
lands to allow for the disposal of residues from
the incinerator.

V. ENVIRONMENTAL CONTROL -- ECONOMIC ASPECTS

A. Air

1. Costs of Air Pollution Abatement

It will be attempted to identify some of the costs of
pollution to society in this section. However, as cor.-
trol measures are used costs to society decrease aid
private (industrial) costs increase. There is an opti-
mum which minimizes the suxiation of the two costs as
shown below:

TOTAL
COSTS

COST i PRIVATE
TO (INDUSTRIAL)
SOCI ETY PIU COST

0 50 100

TREATMENT FOR CONTROL (%)

World Bank-16348
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The following table of data (Table 7) collected from
various sources provides some general costs to the pri-
vate (industrial) sector for emission control. In some
cases, increased efficiency of production is obtained
by emission control (indicated by negative cost
values).

V-246



Table 7

Costs for Emission Control

Contaminant Type Control % Control Cost of Control

NOx  Combustion modifi- 33 $12-20/ton (907 kgs:
cation (flue gas fuel
recirculation)

(low excess air plus 60 - 90 -$14 to +$12/ton
2-stage combustion) (907 kgs) fuel

(2-stage combustion) 35 - 50 $0-29/ton (907 kgs)
fuel

(Low excess air) 25 - 33 -$5 to -$30/ton
(907 kgs) fuel

SO2  Linestone scrubber $15/kW of power con-
struction cost for
retrofitted plant -
$3-6/ton (907 kgs) c
coal operation cost

1968 Costs Installed

Particulate Gravity collector *$28,000/100,000 cfm
Matter (47,190 1/sec) of gas

flow

Mechanical collector $23,000/100,000 cfm
(cyclone centrifugal) (47,190 1/sec) of

gas flow

Wet scrubber $55,000/100,000 cfm
(47,190 i/sec) of
gas flow

High voltage electro- $120,000/100,000 cfm
static precipitator (47,190 1/sec) of

gas flow

Low voltage electro- $200,000/100,000 cfm
static precipitator (47,190 1/sec) of

gas flow

Fabric filter (=500'F) $155,000/100,000 cfm
(260 0 C) (47,190 1/sed) of

gas flow

(=250'F) $82,000/100,000 cfm
(121-C) (47,190 i/sec) of

gas flow
*Unit costs will be larger for smaller treatment units.
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2. Benefits of Pollution Abatement

The identifiable sufferers of air pollution are:

a. agricultural plants;

b. materials corroding and deteriorating:

(1) metals, rubber and paint;
(2) art treasures; and
(3) clothes;

c. Human beings:

(1) aesthetic;
(2) visibility interference; and
(3) health

Many of the costs of pollution to society are measur-
able, but others are intangible and all costs are sub-
jective to some degree or at least are open to dispute
from a quantitative standpoint. Project directors are
advised to be as specific as possible when quantifying
the effects of pollutants.

The chemical components So and NO bleach leaves and
suppress growth of some pAnts, including some fruits
and vegetables. The chemical component SO is largely
responsible for corrosion of metals, buiiding mater-
ials, and fabrics when it is covnerted into the acid
form (H SO ). Particulate matter, especially dust and
unburne3 cArbon or ash, can cause clothes, fabric and
household dirtying that requires a great deal of both
measurable and immeasurable cleaning costs. The wear-
ing and cracking of rubber, the fading and coloring of
fabrics, the blackening of painted buildings, the
staining of some, as well as the deterioration of
rails, wires, electrical contacts, etc., are just a few
of the examples of difficult to assess depreciation of
materials by air contaminants. Even more difficult to
measure and assess are the disintegrations to leather
and paper and valuable pieces of art by the gases and
gritty particulates. Damages to the Roman Coliseum or
the Parthenon in Athens are examples of long-term,
intangible costs resulting from air pollution. In the
United States figures of about $60 to $85 per person
per year have been quoted as arising from the measur-
able (excluding health) effects of air contaminants.

The health effects to humans of air pollution exist and
largely affect the respiratory system and mostly of
these weakened persons already suffering from respira-
tory or cardiovascular disease. Disasters, generally
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caused by a combination of air inversions and high in-
dustrial and auto outputs, accentuate the health
effects.

Normally inhaled gaseous pollutants can be absorbed
along the pharynx of bronchioles and inhaled particu-
lates can be deposited in the mucus layer surrounding
the bronchial cilia. This implies that a person is
healthy and has normal, healthy bronchioles and cilia
and mucus layer. In many persons these may already be
damaged by smoking or other irritants and these people
are much mroe sensitive to even low levels of air con-
taminants.

The two major respiratori' diseases of the lung claimed
to be a direct result of air pollution are:

a. lung cancer, and
b. bronchitis.

Lead and CO are two other specific air contaminants
which are dangerous to human life and health.

Accidents and additional operation costs for airplanes,
trucks and autos are caused by reduced visibility as a
result of dust or smog caused by industrial air emis-
sions. These costs can be identified in some cases by
case studies and must be estimated in others.

3. Method of Payment for Abatement

Air emission control must be included as a part of the
cost of production by an industrial plant. The extra
cost -- normally from 1% to 10% of the capital expense
of a plant -- can be passed on to the consumer in the
price of the product or deducted from the gross profits
of the plant when it is not possible to raise the pro-
duct cost.

B. Water

1. Costs of Water Pollution Abatement

At each level of receiving water qualtiy there exists a
given cost and also associated total benefits to socie-
ty. Many of these benefits are measurable while others
definitely exist but at present no method of their
quantitative evaluation is available. As long as the
measurable benefits equal or exceed the direct cost of
industrial pollution control, waste treatment practices
should be constructed.

The cost of industrial pollution control varies from
one industry to the next and within the same industry
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within plants. The major reasons for these variations

within a given industry are:

a. extent of treatmnt used;

b. inclusion or exclusion of costs which are designed
to aid production as well as pollution abatement;

c. difference in treatment units selected by engin-
eers to accomplish similar objectives;

d. amount of design or construction which is actually
done "in house" and not considered on a uniform
basis as part of the cost; and

e!. size of the treatment facility.

In general, a conventional secondary treatment facility
for an organ-laden industrial waste can cost in the
range of $50 to $150 per pound. (.454 kg) of BOD per
day for capital expenses. Less conventional, more
innovative treatment systems can cost less than $50 per
pound (.454 kg) per day. For cannejies, poultry pro-
cessing, and tanneries, it is possible to design and
construct treatment facilities yielding 85% BOD removal
for the cost of about 1% of production or value added
costs, which is equivalent to about 24 cents per 1000
gallons of wastewater treated.

2. Benefits of Pollution Abatement

There are three classifications of benefits in any in-
dustrial pollution abatement project:

a. Primary
b. Secondary
c. Intangible

Primary benefits accumulate to those who benefit as a
result of products and services originating directly
from the project. These benefits are largely savings
to the industrial plant as a result of wastewater reuse
as well as compliance with regulatory agencies, thus
avoiding legal, expert and management costs.

Secondary (indirect) benefits tend to occur to those
who do not use the output of the product and services
directly. Many readily-understood benefits of waste
treatment fit into this category, such as a community's
recreational use of clean water downstream after waste
treatment by an industrial firm. The people of the
community in which the industry is located (or of a
nearby community to a lesser extent) benefit indirectly
from the industrial firm's treating its waste. This
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situation can be referred to as a "technical external
economy" for the community.

Intangible benefits are irreducible since no direct
dollar value can be easily assigned to them, although
it is readily apparent that they exist. For example,
waste treatment might improve the morale of the commun-
ity by virture of its possession of a clean river: a
sort of mental well-being which, although real, defies
quantification. These benc1its are necessarily subjec-
tive and subject to variable quantitative emphasis,
depending on the position in society of the reviewers.
Other examples of intangible benefits which should be
realized by project engineers include:

41. good public relations and an improved industrial
image after installation of pollution abatement
devices;

b. improved mental health of citizens in the area
confident of having adequate waste treatment and
clean waters;

c. improved conservation practices, which will event-
ually yield pay-offs in the form of more clean
water for more people for more years;

d. renewal and preservation of scenic beauty and
historical sites;

e. residential development potential for land areas
nearby because of the presence of clean recrea-
tional waters;

f. elimination of relocation costs (of persons,
groups, and establishments) because of impure
waters;

g. removal of potential physical health hazards of
using polluted water for recreation;

h. industrial capital investment assures permanence
of the plant in the area thus lending confidence
to other firms and citizens depending on the out-
put produced by the industry;

J technological progress, resulting from the concep-
tion, design, construction, and operation of in-
dustrial waste treatment facilities.

From a practical engineering standpoint, the benefits
of waste treatment are directly related to the total
value of the water and associated land downstream and
should include a summation of

V-251



a. the lowered true cost of the water downstream;

b. The lessened damages for consumers utilizing con-
taminated water downstream; and

c. the increased opportunities of associated land and
water use downstream.

3. Method of Payment for Abatement

Costs of wastewater treatment can either be paid for
directly by an industrial plant, included in production
costs and subsequently passed on to the consumer (pur-
chaser of the industry's products) or be subsidized
either wholly or partly by a local or national govern-
ment in whose jurisdiction the plant is lucated. In
the first case the product buyers and users only would
pay for the costs of pollution abatement. In that case
the risk capital or initial startup costs must be borne
by the industrial plant which would anticipate reim-
bursement at a later date by product purchases. In the
second case, all residents of the local community or
country would assume their proportionate share of the
costs at the onset of the abatement program. These
same people may or may not be recipients cr purchasers
of the industrial product. In any event, they would be
shouldering the burden of pollution abatement costs in
order to allow the industry to operate in an environ-
mentally safe manner and at a subsidized (artificial)
lowered production cost.

C. Land

1. Costs of Solid Waste Collection and Disposal

Little collection cost information is available on
solid wastes of industrial plants. This is because the
collections systems are vaiable from one plant to ano-
ther and are often considered for accounting purposes
to be just a part of some other production cost. Muni-
cipal collection costs, however, are well known and
represent about 80% of the total disposal costs when
sanitary landfill is used. Current US collection costs
for municipal refuse is about $9 to $12 per short ton
of refuse. Industrial collection costs should repre-
sent a smaller percentage of the total cost since
larger concentrations of solids are found within short-
er distances from each other and at fewer sites. Also,
when incineration of the solid wastes is utilized,
collection represents a much smaller percentage of
total costs although approximately the same quantita-
tive cost. A major portion of collection costs can be
attributed to personnel or labor. In industries where
labor is abundant and inexpensive these costs can be
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minimized, especially if these represent only the part-
time duties of production personnel.

Disposal costs for landfill, whether municipal or in-
dustrial, should be similar if realistic land values
are used. The capital costs should approximate $300 to
$3000 per ton (907 kg) per day or $1.00 to $3.50 per
ton (907 kg) disposed for basic to refined sanitary
landfill operations. Incinerator capital costs range
from $5 to $20,000 per ton (907 kg) per day or $2.50 to
$10 per ton (907 kg) of refuse.

Disposal techniques of solid waste by other methods
such as rendering, open burning, or plain dumping are
not suggested for industries. Composting, however, can
be used for organic solid wastes such as those from
slaughterhouses and tanneries and fruit and vegetable
processing plants.

These plants cost about $10 per ton (907 kg) per day
for capital costs and $6 per ton (907 kg) of solid
waste to operate, based upon municipal refuse exper-
ience in the United States (60% to 65% combustible).

2. Benefits of Pollution Abatement

When land is preserved or utilized beneficially in a
state which emits no adverse effect on the total en-
vironment, the local inhabitants are recognized as
obvious beneficiaries. Their daily lives, their homes,
and even their work are enhanced by this type of pollu-
tion abatement. People living and working near a pro-
perly utilized solid waste disposal or land utilization
area will not suffer from the unsightliness, odors, or
subsurface leachate contaminant. These become direct
beneficiaries. The land area resulting from proper
utilization preservation usually belongs to local
government, which also benefits from these activities.
Since the adverse effects can travel many miles, other
residents quite distant from the land in question might
also benefit from proper abatement.

3. Method of Payment for Abatement

Unfortunately, the major means available to date for
paying for these proper abatement services has been to
charge the solid waste suppliers (land users) a direct
charge based upon quantity of waste. It is not accep-
ted practice to charge the other direct or indirect
beneficiaries for land disposal and utilization.
Therefore, there exists little incentive to spend any
other money except the bare minimum necessary for
solids handling. It is suggested that the other bene-
ficiaries be identified and assessed a small charge to
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gain additional revenue for reclaiming the land in its
highest use. Perhaps solid waste disposal zones could
be established, each zone paying a decreasing amount of
revenue as the distance from the land area increases.

VI. ENVIRONMENTAL CONTROL -- POLITICAL ASPECTS

A. Air, Water and Land Zoning for Environmental Protection

Industrial plants producing air, water or solid wastes are
generally located in remote land areas of the local commun-
ity which are readily accessible to man and relatively
inexpensive to purchase. Often, entire industrial zones are
set aside for this purpose with the basic premise that
industry, because of common interests, needs, an' environ-
mental problems, is best placed in isolated zones. These
zones permit different and often lower environmental quality
standards than those of residential areas of the same com-
munities. Political interests often lead to preferred taxrates and land subsidization costs for industrial plants
located in these zones. Project engineers should recognize
these problems and expect somewhat higher environmental
contamination in these zones. However, wherever and when-
ever contamination from these zones diffuses and flows out
so as to affect other people with other land uses, such
pollution should be abated.

B. Location of Industrial Plants for Environmental Protection

An industrial plant should be located in areas which tend to
minimize its environmental effects. This is especially true
of large plants and plants unsuitable for one reason or
another for location in industrial zones. Proper location
of an industrial plant will not eliminate necessarily the
need for final treatment for environmental protection but it
will lessen the degree of treatment needed. A plant pro-
ducing a large quantity of highly contaminated wastewater
should be located:

1. on a watercourse having a maximum dilutent waste-carry-
ing capacity;

2. in an area where the wastewater can be reused prefer-
ably with a minimum of treatment for agricultural or
industrial purposes. The resulting wastewater dis-
charge to the watercourse, if any, should not interfere
with any beneficial use of the watercourse;

3. Within a municipality which is able to accept the plant
wastes in a properly designed and operated sewage
treatment plant.
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A plant producing a large volume of air contaminants should
be located (from an environmental standpoint) at a high
elevation, in an area not subject to air inversions, and
where the prevailing winds are towards relatively unpopu-
lated and/or unused land areas.

A plant producing large volumes of solid wastes should be
located:

1. on a large enough plot of land so as to be able to
landfill or otherwise dispose of its own wastes on its
own land;

2. in an area near to a suitable disposal site; and

3. in an area which is convenient for public or private
contractors to collect and haul the solid wastes for
final disposal.

Solid wastes from the plant should never be allowed to
accumulate at the plant site because they tend to:

1. decompose, yielding odors; and

2. disperse by wind action and become unsightly and more
difficult to collect fully.

C. General Problems Involved in Enforcement for Environmental
Protection

Often the cost of any type of pollution control is relative-
ly small and can be absorbed in production costs or offset
by governmental subsidization. However, the costs uually
are reflected in the final product costs which may make an
industry's product somewhat less competitive with that of
similar industries in other countries. Political pressure
will be brought upon the government to relax environmental
control requirements to eliminate the gap in production
costs in order to increase competitiveness. It is important
for a project manager to recognize this and to plan for
political intervention for this purpose. It is recommended
that the project manager stand firm against this political
pressure to make certain that the environment is not sacri-
ficed unnecessarily and excessively in the name of competi-
tiveness.

On the other hand, government may excert pressure on the
industry to effect some unnecessary or excessive environ-
mental controls. Efforts should be made to come to an
agreement with government as to the precise environmental
controls and effluent levels to be maintained by industry to
protect the environmental quality from deteriorating beyond
the level necessary to support its best usage. The objec-
tive here should be to provide ample measures but not exces-
sive to protect environmental quality.
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D. Relation of Local to National to World Politics for Environ-
mental Protection

In Chapter II the viewpoints of the various levels of
government relative to pollution control were described. It
should be evident to the project manager that each level of
government views pollution control from a different vantage
point. Therefore, it must be expected that different types
and directions of political pressure will be placed upon
industry. For example, usually local government urgently
desires and needs industrial production but, at the same
time, is most adamant about living with its pollution.
National governments may also wish for the industrial pro-
duction at that site but to a lesser degree (because of the
varieties of choices for industrial sites, all within its
governmental jurisdiction) and may also be less concerned
about local pollution since it is further removed from the
problem. However, it may be forced to be more concerned and
more demanding when it reflects the influence being brought
to bear upon it by international (worldwide) agencies of
government. Project engineers should ascertain the position
of each government and make certain that the plant's abate-
ment measures conform to the most limiting constraints
placed upon it by any of the governmental agencies involved.

VII. ENVIRONMENTAL CONTROL -- SOCIOLOGICAL ASPECTS

Introduction to Philosophy of Survival
by Environmental Protection

A town, a country, the world depend on a clean, desirable
environment for their survival. All three communities must con-
tinue to grow in order to provide the products and income neces-
sary to support more people, or even the same number of people in
more modern ways. The decision faced by towns, countries, or the
world is whether each will expend the money and effort to provide
environmental control and protection along with the increased
production. This question can easily be resolved -- at least in
theory -- when alternatives are examined. If it is decided to
prosper in growth at the expense of the environment, providing
only token or no environmental coiTfroT, a temporary period of
illusionary wealth will be experienced. Companies will make more
money, workers will get more money and in turn will buy more
goods and services, thus stimulating a short-term buoyant econo-
my. But, as environmental contamination increases, these same
people will suffer from both mental and physical diseases at the
worst and move away from the pollution at the best. In either
case property values will decline, slum areas will develop, in-
dustrial product demand will diminish rapidly, less money will be
made by plants and workers will receive less compensation and in
turn will purchase fewer products and services. The town, coun-
try, or the world then wouldbegin a spiral towards out-of-control
pollution problems.
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The alternative, that of protecting the environment with
every increase in industrial production, would cost money. It
would result in either an increase in product cost or a decrease
in industrial profit, or both. If industrial profits decrease
somewhat, it would be offset largely by increased sales in an ex-
panding market. Thus gross and net industrial profits should in-
crease in the long run.

A. Planning Land Utilization to Protect the Environment

Land are must be shared for life's major purposes: house-
hold residences, schools, commercial stores, religious ser-
vices, parks and recreation, municipal and other govern-
mental buildings, and industrial plants. The exact propor-
tion which should be delegated to each of these uses is
still debated among planners. The criteria for land area
depend upon the philosophy, needs and special interests of
the local citizenry and thus necessitate variation in re-
quirements from one area to the next. But the important
fact to be remembered by project managers is that a definite
plan for shared land usages should be made prior to accep-
tance of any new industrial plant. Land area for industrial
plants should include appropriate allocations for liquid and
solid waste disposal as well as to allow for sufficient air
space overlying the land area to assimilate the air contam-
inants from industrial plants. The basic principle which
project managers should adhere to is that land area should
be used in such a manner so as to cause no adverse environ-
mental consequences on any other land area. Nor should that
land area be so great that the allocation or use of other
proper land areas is either elminated or totally reduced to
a level less than desirable for the community.

B. Planning Industrial Type and Location as it Relates to Local
Environment

There are two main considerations for project managers as
related to industry in municipal areas: the type of produc-
tion and its location within the community. Type of produc-
tion should depend upon the type of labor market available,
needs and desires of community and surrounding area, and the
quantity, quality, and uses of environmental resources such
as receiving streams. For example, a community with little
or no receiving water should discourage plants producing
pulp and paper, steel, or textile finishing even though
labor and needs of the local people are favorable for these
plants.

Even in the most developed countries it is recommended that
all industries locate in specifically zoned areas in which
all plants operate. These industrial zones or estates do
not have to be far from the municipality but they should be
located properly so that prevailing winds and waters lead
wastes away from high concentrations of people and be con-
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venient to raw materials for production and product distri-
bution by good transportation systems. Plants operating in
the industrial zones should be as compatible as possible.
In fact, it would be extremely desirable for each plant to
be able to utilize the wastes from another for its produc-
tion and in this way minimize environmental quality control
costs. There are both advantages and disadvantages to the
location of all industrial plants in these estates. Some of
these are listed below to acquaint the project manager with
both sides. Should the disadvantages of industrial zones
outweigh the advantages, industrial plants should be dis-
persed throughout the community rather than in zones in one
area. In other words, industrial zoning, although more de-
sirabLe if designed and operated properly, is not always
bette:, for every community.

1. Advantages

a. A concentrated development of factories enhances
the control of environmental contamination. This
presumes that there exists adequate, enforceable
legal means for restraining factories from pollut-
ing the air, water or land. This presumes also
that it is economically feasible for each factory
to continue in prcduction after providing effi-
cient pollution control devices and systens. If
these presumptions are confirmed, then it will be
easier to supervise or administer all of the fac-
tories located in close proximity to each other.

b. Proper types of industries can be selected on a
prearranged and preplanned scheme in order to min-
imize the overall effects of pollution. For exam-
ple, a plant producing an acid waste can be loca-
ted near a factory producing a basic waste -- re-
sulting in a neutralized liquid wastewater requir-
ing no costly adjustment.

c. Industries can be selected to complement each
other as far as production is concerned. For
example, the wastes of one plant can serve as the
raw material for the next. In that way normal
waste treatment costs can be minimized and raw
material transportation costs can also be mini-
mized. An example is that of a slaughterhouse
producing blood and hides of animals as by-pro-
ducts for disposal or shipment to another factory.
An adjacent tannery could utilize the hides in
making leather while another adjacent fertilizer
manufacturer or plywood producer could utilize the
blood. Not only a saving in transportation cost
but also in product preparation and preserva-
tion -- such as salting of hides -- would be pos-
sible. In turn, a glue manufacturing factory
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could be located next to the tannery to receive
and render the fleshings into both grease and ani-
mal glue. A soap manufacturer or the already
mentioned fertilizer manufacturer would be likely
customers for the grease.

Similar cases could be made for other complemen-
tary raw material-dependent industries, such as a
sulfuric acid chemical manufacturer locating next
to the steel mill producing a waste FeSO4 pickling
liquor.

d. By locating all factories in specially plannd and
zoned industrial estates, potential environmental
contaminations would be removed from residential
and recreational areas of the community.

2. Disadvantages

a. If adequate, enforceable laws do not exist or if
the economic pinch of pollution control is too
great, one factory might pollute a nearby indus-
trial neighbor and the entire estate may become an
"environmental eyesore" to the community. More
dispersions of wastes may have been preferable
under those conditions.

b. While industrial wastes and by-product uses
matched, it may be much more difficult to interest
each complementary plant in locating in a specific
estate because of other reasons, such as markets
for products at the time.

c. Even if complementary industries can be obtained
for given estates, the quantitites of wastes pro-
duced by some may not match the raw material needs
of another plant. Or the wastes from some plants

-- at their current optimum production level --
may not be enough to neutralize the wastes from
others at their production level.

d. Raw materials for some factories in an estate may
be less expensive from some other outside source
rather than from an adjacent plant within the es-
tate. For example, sulfur may be less expensive
at the time from natural gas or petroleum refinery
sour gas than from steel mill pickling liquors or
pyrites slag from mine operations. In addition,
these prices and marekts may change from month to
month even after a rather firm, irrevocable deci-
sion has been made on specific industrial type and
location for the estate.
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VIII. ENVIRONMENTAL CONTROL --
RANGES OF ACCEPTABLE ENVIRONMENTAL QUALITY LEVELS

A. Air

1. 2.
Normal Levels Health Hazard

Uncontaminated Air to Humans

CO .03 ppm 50 ppm (90 min.)

10 ppm (8 hrs.)

NO2  4 ppb .06 ppm (Mean 24 Hr.)

NO 2 ppb

HC/
CH4  1 - 1.5 ppm >500 ppm (aliphatic)

(alicyclic)

Other HC 0.1 ppm each >25 ppm (dromatic)

7.06 ppm (HCHO)

'.25 ppm (acrolein)

750 ppm (Acetaldehyde)

So2  <.002 ppm 7 .04 ppm

03 .01 - .05 ppm 0.3 ppm

Patclaei0 - 60 ?g/m 3  '80 - I00 g/m 3Particulates 1

References: Pollution Control Technology, Staff of Research
and Education Association, 342 Madison Ave., New
York, N.Y. 10017. 1973
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3. Reasonable Industrial Effluent Levels of Air Contamin-
ants

Certain industrial operations such as power plants,
cement production, and incinerators which are known to
be large contributors to air contamination, regardless
of their location, should be required to control their
gaseous and particulate emissions to some certain
level. That level can be ascertained on a plant-by-
plant, country-by-country basis, but minimum degrees of
emissions should be attainable by all of these plants
in any country. Their allowable emission can be ex-
pressed in either a quantity of contaminant per unit of
production or on an exhaust gas basis.

B. Water

1. Quality of Uncontaminated Water

Nearly all natural waters are contaminated in some form
or another. Natural waters when compared to a control
such as pure or distilled water are substantially con-
taminated. Certain amounts of contaminants, for exam-
ple, calcium, magnesium and iron, are absolutely essen-
tial to man as well as to aquatic life to function.
Pure or distilled water does not contain any of these
essential nutrients required by any form of life.

From the moment water vapor condenses to form rain, the
contamination process begins. Water accumulates sub-
stances in solution and in suspension from the air as
it falls towards the earth. Later changes in character
as a result of chemical and biological processes, as
well as human activities, occur as it moves over, into
and through the land on its way to the sea.

A typical sanitary analysis of an uncontaminated river
water may be: (For reference see Water (3), p. 100)

pH 6.8
Dissolved oxygen 9.0 ppm
Temperature 130C
Color 5 ppm
Turbidity 5 ppm
BOD (5 day @ 20'C) 1.2 ppm
Hardness 225 ppm as CaCO3
Total solids 500 ppm
Chloride 10 ppm as C1

Caution should be exercised when categorizing natural
waters as contaminated or uncontaminated. The charac-
teristics of natural waters vary widely with location
and other influencing factors such as climatic condi-
tions, topography and geological formations.
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Some "typical" chemical analyses, as presented in Table
8, provide the reader with some common chemical com-
ponents on the basis of the type of natural water.

Table 8

"Typical" Water Analysis (After Rand [1])

NATURAL WATER TYPES

Chemical Component Expressed as "j

00

Calcium CaCO., equiv., mg/I 16 30 29 so 142

Magnesium CaCOa, mg/l 3 16 32 40 59

Sodium and Potassium Nj, mg/I 6 9 26 19 20

Bicarbonate CaCO.,, mg/I 12 42 60 106 143

Chloride Cl, mg/I 5 7 9 23 23

Sulfate SO,. mg/l 10 12 17 38 59

Nitrate N. mg/l 0.1 1.5 - 0.4 0.06

Iron Fe, n /I 0.0 1.1 1.8 0.0 0.18

Silica SiO., mg/l 0 30 41 18 12

Carbon Dioxide CaCOa, mg/I 4  4 59 4 14

pH 6.8 6.9 6.6 7.8 7.4

2. Health Levels of Contamination in Receiving Waters

The National Academy of Sciences and the National
Academy of Engineering published "Water Quality Criter-
ia - 1972" at the request of the Environmental Protec-
tion Agency, in March 1973. Table 9 summarizes the
findings on maximum allowable concentrations of various
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components in natural waters to be used for drinking
water with the defined treatment process (coagulation,
sedimentation, filtration and disinfection) to produce
a safe, clear, potable, aesthetically pleasing water
supply. In developing countries health levels of con-
taminated waters may be somewhat different than in the
United States because of adaptation or special condi-
tions, but the US data can serve as valuable guidelines
for all peoples.

Table 9

Table of Criteria for Public Water Supplies
(National Academy of Sciences -- Water Quality Criteria --- 1972)

Constituent or characteristic Permissible Criteria See Page

Physical -

Color (color units) 75* 63

Odor Narrative+ 74

Temperature* Narrative+ 89

Turbidity Narrative+ 90

Microbiological

Coliform organisms 20,000/100 ml 58

Fecal Coliforms 2,000/100 ml 58

Inorganic chemicals (mg/l)

Alkalinity 
Narrative +

Ammonia 0.5 (as N) 55

Arsenic* 0.1 56

Barium* 1.0 59

Boron* 1.0 59

Cadmium* 0.01 60

Chloride* 250.0 61

Chromium*, Hexavalent 0.05 62

Copper* 1.0 64

Dissolved oxygen Narrative + 65
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Table 9 (continued)

Constituent or characteristic Permissible Criteria See Page

Inorganic Chemicals (cont.)

Fluoride* Narrative+ 66

Hardness* Narrative+ 68

Iron (filterable) 0.3 69

Lead* 0.05 70

Manganese* (filterable) 0.05 71

Mercury 0.002 72

Nitrates* 10 (as N) 73

Nitrite* 1.0 (as N) 73

pH (range) 5.0 - 9.0 80

Phosphorus* Narrative+ 81

Selenium* 0.01 86

Silver* Narrative+  87

Sulfate* 250.0 89

Total Dissolved Solids* Narrative+  90
(filterable residue)

Uranyl ion* Narrative+ 91

Zinc* 5.0 93

Organic Chemicals

Carbon chloroform extract* 0.30 75
(CCE)

Cyanide* 0.20 65

Methylene blue active substances* 0.5 67

Oil and grease* Virtually absent+ 14

Pesticides

Aldrin* 0.001 77
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Table 9 (continued)

Constituent or characteristic Permissible Criteria See Page

Organic Chemicals (cont.)

Chlorodane 0.003 77

DDT* 0.05 77

Dieldrin* 0.001 77

Endrin* 0,0005 77

Heptachlor* 0.0001 77

Heptachlor expoxide* 0.0001 77

Lindane 0.005 77

Methoxychlor 1.0 77

Organic phosphates plus carbamates* 0.1 79

Toxaphene* 0.005 77

Herbicides

2, 4-D plus 2, 4, 5-T,
plus 2, 4, 5-TP* 0.02 79

Phenols 0.001 80

Radioactivity (pc/l

Gross beta* 1,000 85

Radium - 226* 3 85

Strontium - 90* 10 85

*The defined treatment process has little effect on this consti-
tuent. (Defined treatment process - coagulation, sedimentation,
filtration and disinfection)
+See narrative on page shown for a discussion of the recommended

allowable levels.
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3. Reasonable Industrial Effluent Levels of Water Contami-
nants

It is not the intent of this general manual to quantify
acceptable levels of industrial effluents for each
specific industrial product. For this information, the
reader is referred to the specific industrial manual
for the particular industry of interest. There are,
however, some basic concepts applicable to all types of
industries regarding the effect of wastes and pollution
loads on receiving bodies of water.

Because of the nature of each type of industrial pro-
cess, a different quantity and characteristic waste
will be produced. The degree of contamination caused
by each industry will be a function not only of the
nature of the waste but also of the character and in-
tended use of the receiving body of water. As defined
early in this Manual, water pollution is simply the
addition to water of contaminant(s) in such quantities
as to render the water unsiutable for its classified
and established best use.

Presently, there exist in the United States two types
of water quality standards for the use of controlling
water pollution. The first is referred to as "stream
standard." It involves a standard amount of receiving
stream dilution for a given unit volume of waste dis-
charge. This stream standard is largely outmoded due
to the fact that similar volumes of wastes contain
vastly different amounts and types of pollutants.
Another "stream standard" more prevalently applied
utilizes limiting values for various specific sub-
stances when mixed with the receiving water. The cur-
rent philosophy is that one set of water quality stan-
dards based on the most beneficial use of the receiving
water should be established. The National Academy of
Sciences, in establishing Water Quality Criteria 1972
at the request of the Environmental Protection Agency,
has developed the following six best use classifica-
tions:

a. recreation and aesthetics;
b. public water supplies;
c. freshwater aquatic life and wildlife;
d. marine aquatic life and wildlife;
e. agricultural uses of water; and
f. industrial water supplies.

For detailed descriptions, classifications and criteria
the reader is urged to consult the above reference.

The second type of water quality standard for control-
ling water pollution deals with the quality and quan-
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tity of contaminant wastes being discharged from any
source and is called an "effluent standard." Because
of the varying nature of the many industrial processes,
no single effluent standard is practicable. The En-
vironmental Protection Agency is currently developing
effluent guideline standards, the date of which will
appear in the appropriate succeeding specific manual on
each industry.

A law (PL-92-500) published on SepLember 28, 1972, in
the US Congressional ecord deals specifically with
effluent standards. Thib Act calls for effluent limi-
tation for point sources (other than publicly-owned
treatment works). These shall require the best prac-
ticable control technology currently available (as
defined by the Administrator). Effluent standards do
have inherent disadvantages. Firstly, full use of
assimilative capacity of a stream is not necessarily
used. Secondly, the system involves very detailed
knowledge of each polluting industry. Finally, the
system does not necessarily even protect the water
resource.

It is, therefore, believed that effluent standards must
be used in conjunction with stream standards to fully
utilize and protect the water quality itself. It is
suggested, then, that the project manager makes certain
that:

a. the industrial plant utilizes the best practical
treatment in producing a residual of contaminants
for discharge into the receiving water, and

b. the receiving stream possesses suitable quality
after the industrial waste addition to maintain
its best use.

C. Land

1. Quality of Uncontaminated Land

There exists no actual quantitative values for uncon-
taminated land. There are only generalizations for
land specifications for various uses. In this Manual
the concern has been primarily with the use of land for
the disposal of solid wastes from industry. Such land
should have the following characteristics in an uncon-
taminated state:

a. relatively close to industrial plant and reached
by wide roads which preferably only pass through
industrial areas;
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b. soil is of the sandy or silty loam type with only

small (less than six inches in diameter) rocks;

c. ample depth to bedrock;

d. unfractured bedrock which would allow leachate to
escape under the filled area;

e. ample depth to groundwater;

f. uncontaminated groundwater flowing under the
filled land in a direction away from habitation
and high water use such as drinking, recreation,
or fishing;

g. no detectable odors from decomposing matter exist;

h. no leachate from the land exists regardless of the
quality; and

i. no open burning and firebox burning only after a
permit which validates compliance with air quality
standards.

Although experts do not agree on the specific defini-
tion of an uncontaminated land suitable for use as a
landfill site for solid wastes, some parameters of both
the land and the industrial solid waste to be disposed
of on it have been suggested for consideration. They
include the following:

a. infiltration potential;
b. bottom leakage potential;
c. bottom soil filtration capacity;
d. adsorptive capacity within the soil;
e. organic content of the groundwater;
f. buffering capacity of groundwater;
g. travel distance (leachate to the sea);
h. groundwater velocity;
i. prevailing wind direction; and
j. population near site.

All of the above parameters should be evaluated by the
project manager and either an objective or subjective
measure of the land's status as related to use for
solid waste should be made.

2. Health Hazards of Contamination On and From Land Sites

The health hazards which arise from solid wastes d. s-
posal on land sites are those originating from the air
and water emanating from the sites. These hazards
would be the same as those given in Parts A and B of
this section.
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3. Reasonable Industrial Effluent Levels of Solid Wastes

No system of guidelines has been developed to date
which allows one to predict a reasonable quantity and
quality of solid wastes arising from specific indus-
tries.
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IX. REFERENCES

A. Selected Texts in Air, Water and Land Environmental Protec-
tion

Air

1 - AIR POLLUTION Perkins, H.C., McGraw Hill Co. 1974 New
York City

2 - AIR POLLUTION Edited by Arthur C. Stern, Academic
Press, 2 Volumes 1962 New York City

3 - Quantitative Analysis of Gaseous Pollutants, Ruch,
W.E., Ann Arbor - Humphrt.- Science Publishers, Ann
Arbor, Michigan U.S.A. 1970

4 - Determination of Air Quality. Proceedings of Symposium
1972, Plenum Press, New York City

5 - Measurements of Air Pollutants, M. Katz, World Health
Organization 1969, Geneva, Switzerland

Water

1 - WASTEWATER ENGINEERING - Collections, Treatment and
Disposal, Metcalf and Eddy, Inc., McGraw-Hill, New
York, Y, 1972. p. 89

2 - Water Pollution Control, Lund, H.F., Editor, Programs
and Systems by E. G. Paulson, INDUSTRIAL POLLUTION
CONTROL HANDBOOK, McGraw-Hill, New York, N.Y.,
1971. p. 6-1

3 - STANDARD METHODS FOR THE EXAMINATION OF WATER AND
WASTEWATER, 13th Edition, 1971

4 - Instrumental Analysis for Water Pollution Control,
Mancy, K.H., Ann Arbor Science Publishers Inc., Ann
Arbor, Michigan, 1971

5 - Liquid Wastes of Industry, N.L. Nemerow, Addison Wesley
Co., 1971, Reading, Massachusetts

Land

1 - Municipal Refuse Disposal, American Public Works
Assoc., 3rd Edition 1970. Public Service Adminis-
tration, 1313 E. 60th Street, Chicago, Illinois
60637

2 - Sanitary Landfill. Lexington Books, National Center
for Resource Recovery, Inc. 1974. Lexington,
Massachusetts
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3 - Sanitary Landfill - Design and Operation. Brunner,
D.R. and Keller, D.J. U.S. Environmental Protec-
tion Agency, SW - 65 TS, Washington, D.C. 1972

4 - Solid Waste Management. Haggerty, D.J., Pavoni, J.L.,
Heer, J.E. Van Nostrand Reinhold Co. 1973. New
York, N.Y.

B. Selected Reference Papers and Documents for Environmental
Protection

Ohio River Valley Water Sanitation Commission: PLANNING AND
MAKING INDUSTRIAL WASTE SURVEYS, Cincinnati, Ohio 1952.

Black, H.H.: Procedures for Sampling and Measuring Indus-
trial Wastes, Sewage & Industrial Wastes, Vol. 24, p.
45, 1952

Methods for Chemical Analysis of Water and Wastes, Environ-
mental Protection Agency, CinHciiat --OhiTo1971

American Society of Testing Materials (ASTM) Part 23, Water,
Atmospheric Analysis. 1970

National Academy of Sciences and National Academy of Engi-
neerig, Water Quality Criteria 1972. Prepared at the
request of the EPA, Washington, D.C. 1972.

C. Selection of Technically-qualified Expert Assistance for
Environmental Protection

It may not be sufficient for a project engineer or manager
to read this manual only. On the other hand it is very
important to read and understand the contents of the manual
in order to be able to communicate better with an 'expert'
in the environmental area of particular concern. An expert
should be called upon to assist you in planning the proper
environmental control system and in evaluating whether the
owner and/or contractor is providing that or another com-
parable abatement system. A technically qualified expert
can usually be obtained by requesting such a person from one
of the assisting agencies listed in part D of this section.
Often the assisting agency itself is able to provide advice
or review of the proposed project as it relates to environ-
mental control.

D. Selected Agencies Which Possess Special Knowledge and Com-
petence in Environmental Protection

The following agencies can be contacted for assistance in
matters relating to information concerning maintaining opti-
mum environmental quality as a result of industrial produc-
tion:
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CIER - Center for International Environment Information
c/o UNA-USA
345 East 46th Street
New York, NY 10017, USA
Telephone: (212) 697-3232

EPA - Environmental Protection Agency
Waterside Mall Building
401 M Street, S.W.
Washington, DC 20460 USA
Telephone: (202) 755-2770

IAEA - International Atomic Energy Agency
Kaerntnerring 11
A-1010 Vienna 1, Austria
Telephone: Vienna 52-45-11
Cables: INATOM, Vienna

IAdPR - International Association for Water Pollution Re-
search

c/o Institut fuer Hydrobiologie
Olbersweg 24
2 Hamburg-50, Federal Republic of Germany
Telephone: 04-11-39107

IBRD - International Bank for Reconstruction and Development
1818 H Street, N.W.
Washington, DC 20433, USA
Telephone: (202) 393-6360
Cables: INTBAFRAD, Washington

ICEL - International Council of Environmental Law
214 Adenauerallee
53 Bonn, Federal Republic of Germany

IIED - International Institute for Environment and Develop-
ment

c/o Hunter
21 Smith Terrace
London, S.W. 34 DL, England
Telephone: 01-352-3289

ILO - International Labour Organisation
International Labour Office
154 rue de Lausanne
Geneva, Switzerland
Telephone: 32-62-00
Cables: INTERLAB, Geneva

IMCO - Inter-Governmental Maritime Consultative Organization
101-104 Piccadilly
London, WIV OAE, England
Telephone: 01-499-9040
Cables: INMARCOR, London
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IOC - Intergovernmental Oceanographic Commission
7, Place de Fontenoy
75700 Paris, France
Telephone: 566-57-57

IUCN - International Union for the Conservation of Nature
and Natural Resources

110 Morges, Switzerland
Telephone: (021) 71-44-01

OECD - Organization for Economic Co-operation and Develop-
ment

2, rue Andre Pascal
75116 Paris, France
Telephone: 524-82-00

PAHO - Pan American Health Organization
525-23rd Street, N.W.
Washington, DC 20037, USA
Telephone: (202) 223-4700
Cables: OFSANPAN, Washington

UNEP - United Nations Environment Programme
P. 0. Box 30552
Nairobi, Kenya
Telephone: 33930
Cables: UNITERRA, Nairobi

(Includes: Environment Programme Information
Centre, Global Environmental Monitoring System
(GEMS), International Centre for Industry and the
Environment, International Referral System for
Sources of Environmental Information (IRS)

UNIDO - United Nations Industrial Development Organization
Lerchenfelderstrasse 1
A-1070 Vienna, Austria
Telephone: 4350-0
Cables: UNIDO, Vienna

USAID - United States Agency for International Development
Office of Science and Technology
Department of State
Washington, DC 20523
Telephone: (202) 632-2418

WHO - World Health Organization
1211 Geneva 27, Switzerland
Telephone: 34-60-61
Cables: UNISANTE, Geneva

WMO - World Meteorological Organization
41, avenue Giuseppe-Motta
Geneva, Switzerland
Telephone: 34-64-00
Cables: METEOMOND, Geneva
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CONVERSION FACTORS

LENGTH

cm METER km in. ft mile

1 centimeter = 1 10-2  10-5  0.3937 3.281 6.214

xo- 2  x1- 6

1 METER = 100 1 10-3  39.37 3.281 6.214

x 10
-4

1 kilometer = 105 1000 1 3.937 3281 0.6214

X 104

1 inch = 2.540 2.540 2.540 1 8.333 1.578

X 10 - 2 X 10 - 5  X 10-2 x 10 - 5

1 foot = 30.48 0.3048 3.048 12 1 1.894

X 10 - 4  X 10 - 4

1 mile = 1.609 1609 1.609 6.336 5280 1

X 105 X 104

1 angstrom = 10- 0 meter 1 parsec = 3.084 x 10 1 3 km

1 x unit = 10- 13 meter 1 fathom = 6 ft

1 nautical mile = 1852 meters 1 yard = 3 ft
= 1.151 miles = 6076 ft

1 light-year = 9.4600 x 1012 km 1 rod 16.5 ft

1 mil 10-3 in.
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AREA

METER2  cm2  ft2  in. 2 circ mil

1 SQUARE METER 1 104 10.76 1550 1.974

x 109

1 square

centimeter = 10-  1 1.076 0.1550 1.974

x 10-3  x 105

1 square foot = 9.290 929.0 1 144 1.833

x 102 x 108

1 square inch = 6.452 6.452 6.944 1 1.273

x 10 - 4  x 10- 3  x 106

1 circular mil = 5.067 5.067 5.454 7.854 1

x io - 1 0  x lo - 6 x lo- 9  x lo - 7

1 square mile = 2.788 X 108 ft2 = 640 acres

1 barn = 10 - 2 8 meter 2

1 acre = 43,600 ft
2
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VOLUME

METER3  cm 3i ft3  in. 3

1 CUBIC METER = 1 106  1000 35.31 6.102

x 104

1 cubic

centimeter = 6 1.000 3.531 6.102

X 10 - 3  X 10 - 5  X 10 - 2

1 liter = 1.000 1000 1 3.531 61.02

X 10 - 3  X 10 - 2

1 cubic foot = 2.832 2.832 18.32 1 1728

X 10-2 X 10 4

1 cubic inch = 1.639 16.39 1.639 5.787 1

X 10 - 5  X 10 - 2 X 10 - 4

1 U.S. fluid gallon = 4 U.S. fluid quarts = 8 U.S. pints = 128

U.S. fluid ounces = 231 in.
3

1 British imperial gallon = 277.4 in.3

1 liter = the volume of 1 kg of water at its maximum density

= 1000.028 cm
3
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MASS

Quantities in the shaded areas are not mass units but are often
used as such. When we write, for example, 1 kg "::" 2.205 lb this
means that a kilogram is a mass that weighs 2.205 p~unds under
standard conditions of gravity (g = 9.80665 meters/sec ).

gm KG slug amu oz lb ton

1 gram = 1 0.001 6.852 6.024 3.527 2.205 1.102

X 10-5  X 1023 X 10-2 X 10-3  X 10-6

1 KILOGRAM = 1000 1 6.852 6.024 35.27 2.205 1.102

X 10-2  X 102 6  X 10-3

1 slug = 1.459 14.59 1 8.789 514.8 32.17 1.609

X 104 X 1027  X 10-2

1 amu = 1.660 1.660 1.137 1 5.855 3.660 1.829

X 10- 24 X 10-27 X 10-28  X 10-26 X 10-27 X 10-30

1 ournce = 28.35 2.835 1.943 1.708 1 6.250 3.125

X 10 - 2  X 10-3  X 102 5  X 10-2 X 10-5

1 pound = 453.6 0.4536 3.108 2.732 16 1 0.0005

X 10-2 X 102 6

1 ton = 9.072 907.2 62.16 5.465 3.2 2000 1

X 105 X 1029 X 104
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DENSITY

Quantities in the shaded areas are weight densities and, as such,
are dimensionally different from mass densities. See note for
mass table.

slug/ft3  KG/METER3  gm/cm3  lb/ft3  lb/in.3

1 slug per ft3  1 515.4 0.5154 32.17 1.862

x 10
-2

1 KILOGRAM per

METER3  1.90 1 0.001 6.243 3.613

X 10-3  X 10-2 X 10-5

1 gram per cm3  1.940 1000 1 62.43 3.613
x0-2X i02

pound per ft3  3.108 16.02 1.602 1 5.787

x 10-2 10-2 X10-4

pound per in3  53.71 2.768 27.68 1728 1

x 104
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TIME

yr day hr min SEC

1 year= 1 365.2 8.766x10 5.259x105 3.156x10 7

1 day= 2.738x10-3  1 24 1440 8.640x104

1 hour= 1.141xlO -4 4.167x10-2  1 60 3600

1 minute= 1.901x10-6 6.944xi0 -4  1.667xi0 -2 1 60

1 second= 3.169x10-8 1.157x10-5  2.778x10-4  1.667x10-2  1

SPEED

ft/sec km/hr METER/ mile/hr cm/ knot
SEC SEC

1 foot per
second= 1 1.097 0.3048 0.6818 30.48 0.5925

1 kilometer
per hour= 0.9113 1 0.2778 0.6214 27.78 0.5400

1 meter per
second= 3.281 3.6 1 2.237 100 1.944

1 mile per
hour= 1.467 1.609 0.4470 1 44.70 0.8689

1 centimeter -2 -2 -2 2
second= 3.281x10 3.6x10 0.01 2.237x10 1 1.944x10

1 knot= 1.688 1.852 0.5144 1.151 51.44 1
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FORCE

Quantities in the shaded areas are not force units but are often used as such,
especially in chemistry. For instance, if we write 1 gram-force "1=1" 980.7
dyncs, we mean that a gram-mass experiences a force of 2 980.7 dynes under
standard conditions of gravity (Q = 9.80665 mete-rs/sec).

.dyne NT lb pdl gf kgf
1 dyne = 1 10-5  2.2486 7.2335 10 20 1.0206

x 70 x i0- x1 x 10 -6

1 newton = 05  1 0.2248 7.233 102.0 0.1020

1 pound = 4.44§ 4.448 1 32.17 453.6 0.4536
x 10

1 poundal = 1.383 0.1383 3.108 1 14.10 1.4102
x 10 x 1- x i0 -2

1 gram-force = 980.7 9.8073 2.205 3  7.093 2  1 0.001
x 10 3  X1 x 10 2

1 kilogram-force = 9.80g 9.807 2.205 70.93 1000 1
x 10

1 kgf = 9.807 nt 1 lb = 32.17 pdl
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PRESSURE

2 inch of NT 2atm dyne/cm water cm-Hg METER 2  lb/in. lb/ft2

1 atmosphere 1 1.01g 406.8 76 1.01 14.70 2116
x 10 x 10

1 9yne per 9.8697 1 4.0154 7.5015 0.1 1.450 2.0893
cm = x 10 x 10 x 10 x 10 x 10

1 inch of 2.4583 2491 1 0.1868 249.1 3.6132 5.202
water* at x 10 x 10-

4oC =

1 centimeter 1.3162 1.33a 5.353 1 1333 0.1934 27.85
of mercury* x 10 x 10
at OC =

1 NETWON per 9.8696 10 4.0153 7.5014 1 1.4504 2.0892
METER = x 0 x 10 x 0 x 10 x 10

1 pgund per 6.805 6.89a 27.68 5.171 6.89j 1 144
in. = x 10 -  x 1 x 10

1 pound per 4.7254 478.8 0.1922 3. 5912 47.88 6.9443 1
ft = x 10 x 10 x 10

*Where the acceleration of gravity has the standard value 9.80665 meters/sq

1 bar = 106 dyne/cm2  1 millibar = 103 dyne/cm2
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POWER

Btu/hr ft-lb/ hp cal/sec kw WATT
sec

1 British thermal 1 0.2161 3.929 7.000 2.9304 0.2930
unit per hour = x 10-4  x 0-  x 10-

1 foot pound per 4.628 1 1.8183 0.3239 1.3563 1.356
second x 10 x 10

1 horsepower = 2545 550 1 178.2 0.7457 745.7

1 calorie per 14.29 3.087 5.613 1 4.1863 4.186
second = x 10 x 10-

1 kilowatt = 3413 737.6 1.341 238.9 1 1000

1 WATT = 3.413 0.7376 1.341 0.2389 0.001 1
x 10-
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BEEF CATTLE WASTE

MANAGEMENT ALTERNATIVES a

by

George J. Kriz, et al.

a North Carolina State University at Raleigh and the U.S. Depart-
ment of Agriculture, Cooperating State University Station,
Raleigh, N.C., March 1974, Circular 571.
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Beef Cattle Waste

Management Alternatives

Beef production has become more complex, more specialized,
and more restricted by certain environmental limitations. This
bulletin is designed to help beef producers meet these problems
in the most practical and economical way. The recommendations
given herein are based upon the latest research information ob-
tained by the Agricultural Experiment Station at North Carolina
State University and other similar institutions, and on field ex-
perience and observation. Producers who follow the recommenda-
tions should be in compliance with the latest federal and state
regulations concerning animal waste disposal known at the time of
..his writing.

A beef production unit should be envisioned as a total sys-
tem. To achieve the systems concept, planning must begin with
the idea to build or renovate and. must be followed through until
cattle are placed in the facilities. Because of the proximity of
many feeding operations to industrial or residential areas, ap-
pearance is an important factor to be considered. The type of
buildings, their upkeep, and landscaping are all important.

To avoid or overcome some of the problems confronting beef
producers, a prospective producer or one who plans to renovate
should consider the following suggestions.

Locate the operation in the center of a large tract of
land if possible.

If the operation is on a small farm be sure sufficient
land area is available for waste disposal.

Do not locate the operation in a heavily populated
area.

Do not locate the operation near drainage ditches,
streams, rivers or estuaries.

This bulletin is divided into six parts: alternative waste
management systems, storm runoff control, utilization and land
requirements, odor control; pest control and economics. The
first section describes the various components of each system in
each alternative. The section on storm runoff control gives the
requirements for preventing runoff from lots from reaching sur-
face waters. The section on utilization and land requirements
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presents guidelines and examples of how much waste can be applied
per acre. The sections on odor and pest control provide sugges-
tions and methods for reducing odor and pest problems. The sec-
tion on economics gives cost data and contains a partial budget
sheet so that comparisons between the alternative waste manage-
ment systems can easily be made. Appendix I gives the design
details for a lagoon.

Alternative Waste Management Systems

Large concentrations of beef cattle in paved or dirt lots is
not a common practice in North Carolina but this situation is
changing because of feeding practices now employed. Therefore,
the producer must be made aware of potential waste management
problems associated with the various production schemes.

Removing the manure from the paved area or dirt lot is only
a beginning minor step in the total waste management system.
Other factors to be considered in the system are collection,
storage, treatment and ultimate disposal on the land. Each of
these must be done in a manner compatible with good environmental
control including pests, odors, soil and water pollution, and
good soil and crop management systems.

To date, most waste management systems ultimately return the
manure to the land. Depending on the system selected, there may
be a storage or detention period between cleaning the lots and
land disposal. Care must always be taken to prevent any waste or
waste water from reaching the surface waters of the state and
violating the water quality standards assigned to those waters.

System I: Paved Lot with Spreading in Solid Form

Ramp

Scraper Spreader ) Land

Front End Loader

Handling manure in a solid form on a daily basis is not appealing
to many beef cattle producers because of frequency of disposal
even though there are other considerations such as weather, land
availability, odor and proximity of neighbors. Tractor mounted
scrapers deposit manure into piles where it is picked up with a
tractor mounted loader and deposited in a spreader.

The daily manure production, feces and urine, per 100 pounds
(lb) of body weight is approximately 64 lb or 1 cubic foot (cu
ft). Table 1 shows the quantity of manure produced daily by dif-
ferent size herds of 1000-lb cattle and the number of spreader
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loads required to remove it daily. For 500-lb cattle, the quan-
tity would be approximately one-half that shown in the table.
When the waste handling is integrated into the planned production
activities, associated problems are minimized with frequent hand-
ling. On the other hand, serious problems can arise and the
chore becomes disillusioning when manure is allowed to accumu-
late. This problem is further aggravated as the numbers of ani-
mals increase.

Table 1. Daily Production of Solid Manure from
Different Size Herds of 1000-lb Beef Cattle

No. of Daily Production Daily Spreader Loads
Cattle T 108 bu spreader 180 bu spreader

10 0.3 0.1 0.1
25 0.8 0.3 0.2
50 1.6 0.6 0.4

100 3.2 1.1 0.7
250 8.0 2.7 1.6
500 16 5.3 3.2

1,000 32 10.6 6.4
2,000 64 21.2 12.8
5,000 160 53.4 32

10,000 320 107 64

Field spreaders are available as tractor drawn or truck
mounted units. Flail type tank spreaders will hold either li-
quids or solids and have either a side or rear discharge. A
spreader with beaters should have a rear gate, preferably hy-
draulically operated, that can be opened and closed from the
tractor seat. Select a spreader that will not leak the contents
along the road and that will spread the material in small pieces
on the land surface so that fly breeding is minimized.

System II: Paved Lot with Storage and
Spreading in Solid Form

yRamp

Paved Lot-->Scraper--- Storage R Spreader-0' Land

Front End Loader//

This system usually has short term storage between the time
of collection and land spreading. An area with a capacity of 0.8
cubic foot (cu ft) per animal per day located adjacent to the
ramp or pick-up area is required for temporary storage. A shel-
ter over the storage area is desirable to keep rain and snow from
mixing with the manure.
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System III: Paved Lot with Storage and
Spreading in Liquid Form

Irrigation

Solid Floor-- Scraper-- Storage Tank< Land

Spreader>

Manure handled by this system is scraped from the paved
areas directly into the storage tank. The size of the tank is
dependent upon the number of cattle and the frequency of spread-
ing as shown in Table 2. The volume of storage in Table 2 is
based on a r)roduction rate of 1.5 cu ft per 1000-lb animal per
day.

Table 3 gives the storage capacity per foot of length for
tanks with different widths and depths. This table along with
Table 2 will enable the producer to determine the tank size re-
quired to store liquid manure.

Water must be added to the storage tank to bring the waste
to a pumpable consistency. Table 4 shows the approximate quan-
tity of water needed to increase the moisture content of the
manure. An approximate range of moisture in manures without bed-
ding is as follows:

75-82% moisture-stiff
80-85% moisture-fluid or semi-liquid-quite thick slurry
85-90% moisture-liquid-fairly thin liquid at 90%
93-97% moisture-irrigation consistency

It is evident from Table 4 that the amount of water added to
produce a pumpable slurry might be more than the original quanti-
ty of manure. For example, the addition of il.25 gallons (gal)
of water to 1 cu ft of fresh manure at 75% moisture raises the
moisture content to 90% and changes the volume from 1 cu ft to
2.5 cu ft.

A storage tank requires an agitator or pump-agitator which
serves the dual role of agitating and filling the spreader tank.
One distinct disadvantage with liquid manure storage is odor
while agitating and field spreading. The liquid slurry should
not be spread on a hot humid (muggy) day because odors may create
a nuisance.

When odor is a problem, the producer might elect to equip
his spreader with a soiL injector. This equipment placed the
liquid slurry 4 to 6 inches (in.) below the ground surface and
covers it immediately, drastically reducing odor. Care must be
exercised to select a field that is relatively free of large
stones, stumps and roots when the injection method is used.
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Because of the high cost of a liquid storage tank, this sys-tem of waste management will probably not be used extensively.
However, it can be combined with a solids handling system with
the storage tank being used only when it is not feasible to go
directly from the lot to the land.

System IV: Paved Lot with Lagoon and Irrigation

Irrigation
Solid Floor--o Scraper-- Lagoon Land

Spreader

This system differs from System III in that an anaerobic la-
goon is used for storage rather than a concrete tank. To meet
the design criteria approved by the North Carolina Board of Water
and Air Resources, 660 cu ft of water must be provided in the la-
goon for each animal.

Lagoons are storage ponds in which the water level must be
controlled. There has been very little experience with lagoons
for beef cattle waste in North Carolina. Research with swine
waste lagoons in North Carolina indicates explicitly that the
effluent cannot be discharged into a watercourse. Therefore, any
overflow or discharge must be returned to the land.

The most practical way of controlling the water level in the
lagoon is to irrigate the effluent. Caution must be exercised
with irrigation to prevent surface runoff. The system should be
designed for minimum pipe and sprinkler movement because this is
a "nasty" job. Before moving, flush out the irrigation system
with clean water. The lagoon effluent should not be spread on a
hot humid (muggy) day because odors resulting from the spreading
may create a nuisance.

A tank wagon equipped with a vacuum pump might be used with
small lagoons, but its volume will limit its use.

Evidence indicates that a lagoon serves as a nitrogen trapby accumulating nitrogen in the sludge build-up on the bottom.
This build-up of solids indicates that the sludge must be removed
at some future date. However, definite reconunended cleaning in-
tervals are not established at this time. Because the decomposi-
tion process that takes place in a lagoon reduces the quantity of
nutrients, particularly nitrogen, in the effluent, less land area
is needed for land spreading.

The greatest use for a lagoon might be in ronjunction with a
solid manure handling system. Its primary purpose would be to
intercept runoff from the feedlot and store manure only when it
is impossible to move the manure directly from the lot to the
land.
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TABLE 2. GALLONS OF STORAGE REQUIRED FOR 1000-LB BEEF CATTLE BY DAYS OF STORAGE AND HERD SIZE

Number of Days of Storage
Beef Cattle 16 30 45 60 75 90

Gallons
10 1,1125 3,375 5,060 6,750 8,440 10,100
25 2,813 8,450 12,650 16,900 21,100 25,300
50 5,625 16,900 25,300 33,800 42,200 50,600

100 11,250 33,750 50,600 67,500 84,400 i01,00C
250 28,125 84,500 126,500 169,000 211,000 253,000
500 56,250 169,000 253,000 338,000 422,000 506,000

1,000 112,500 337,500 506,000 675,000 844,000 1,010,000
2,000 225,000 675,000 1,010,000 1,350,000 1,685,000 2,020,000
5,000 562,500 1,690,000 2,530,000 3,380,000 4,220,000 5,060,000

TAP'r.E 3. STORAGE TANK CAPACITY PER FOOT OF LENGTH

Tank DepthT-.!nk Width Ft
Ft 6 8 10

Gal/Ft of Length
12 540 720 903
14 630 840 1050
16 720 960 1200
18 810 1080 1350
20 900 1200 1500
22 990 1320 1650
24 1080 1440 1800



TABLE 4. AMOUNT OF WATER REQUIRED TO CHANGE ONE CUBIC FOOT OF MANURE FROM AN INITIAL TO A DESIRED MOISTURE PERCENTAGE

Amount of Water to Final Volume PerInital Percent be Added to Each Each OriginalMoisture Cu Ft to Give the Cu FtVolume Desired Desired Percent MoisturePercent
Cu Ft Gal Moisture Cu Ft Gal Cu Ft Gal

i.0 7.5 85 90 0.50 3.75 1.50 11.25
95 2.00 15.00 3.00 22.50

1.0 7.5 80 85 0.33 2.50 1.33 10.00
90 1.00 7.50 2.0C 15.00

95 3.00 22.50 4.00 30.00

1.0 7.5 75 80 0.25 1.88 1.25 9.38
85 0.67 5.00 1.67 12.50
90 1.50 11.25 2.50 18.75

95 4.00 30.00 5.00 37.50

1.0 7.5 70 75 0.20 1.50 1.20 9.00
80 0.50 3.75 1.50 11.25
85 1.00 7.50 2.00 15.00
90 2.00 15.00 3.00 22.50
95 5.00 37.50 6.00 45.00



System V: Sheltered Dirt Lot with
Spreading in Solid Form

Sheltered Dirt Lot - Front End Loader - Spreader---- Land

When this waste management system is used, approximately 50
square feet (sq ft) per animal is recommended. The shelter is
bedded as needed with the manure pack building up to several feet
while the cattle are on feed. The barn is only cleaned out when
the cattle are sold.

A tractor front end loader picks up the manure and deposits
it on the spreader for land disposal. Select a spreader that
will not leak the contents along the road and that will spread
the material in small pieces on the land surface so that fly
breeding is minimized.

System VI: Dirt Lot with Limited Shelter with
Spreading in Solid Form

Dirt Lot
w/ Limited
Shelter -* Scraper -. Front End Loader --4 Storage- Spreader-- Land

This waste management system is sometimes used when cattle
are confined at rates up to 200 cattle per acre (A) or 215 sq ft
per animal. The lots are scraped periodically and the manure is
spread on the land. When the manure cannot be field spread, it
is stacked in piles.

Provisions must be made to control runoff from these dirt
lots. With repeated scrapings, a large volume of dirt is removed
with the manure. In time, this will require replenishing the
dirt which is lost in the manure handling process.

System VII: Dirt Lots (Cattle Rotated)

Dirt Lot without Shelter*Rotate Lots

This system is used in a stocker cattle program. Calves are
placed in the lot in early fall at rates up to 100 cattle per A
and are sold out the following spring. During the vacated
period, a summer annual or silage crop is seeded in the lot to
utilize the nutrients and produce a hay or silage crop for feed.
When the cattle are rotated from lot to lot other crops may also
be planted in the lots to better utilize the nutrients.
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System VIII: Pasture (Cattle Rotated)

Pasture-,Rotate Lots

This system used a stocking density of 4 to 5 cattle per A.
The pasture is the prime source or the entire source of feed.
The cattle must be rotated in lots in order to allow seasonal
growth for efficient nutrient utilization from the pasture crop.
No water or air pollution should exist with this arrangement.

Other Alternatives

Recycling. It is a well known fact that beef animals do not
extract all the food value from feeds during a single trip
through the digestive system. This is especially true when whole
grains are included in the fattening ration. The re-cycling of
manure back through the animal to utilize a higher percentage of
the nutrients of the original feed has been the subject of con-
siderable research during recent years. Results to date indicate
a definite potential in this area. For example:

a. Whole grain has been mechanically separated from an
oxidation ditch serving a beef cattle feed lot and
stored in an air-tight silo. When mixed back into the
cattle ration in amounts less than 21 percent of the
total grain, the animals performed in a satisfactory
manner. Above that level this recovered grain reduced
feed intake and feed efficiency.

b. The entire solid waste from an oxidation ditch serving
a beef cattle feed lot was separated, dehydrated, pel-
leted and fed back to the cattle. When used in amounts
less than 37 percent of the total ration, results were
generally satisfactory.

c. Processing of solid wastes by aerobic fermentation has
given promising results in some tests when used as a
protein supplement.

Present results indicate that a minimum capacity of 5,000
head would be needed to make a recycling program economically
feasible. Recycling of manure through animals has a potential
that may be put into practice in future years. However, as of
this date, no feed containing this material has been approved for
sale in North Carolina.

Drying. Drying beef cattle manure has received some atten-
tion, but at this time must be investigated on an individual
enterprise basis. It is closely allied with refeeding. Research
at Michigan State University indicates the drying cost to be over
$11.00 per T of wet manure.
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Composting. Composting has received limited study, but on a
large scale does not appear to be practical at this time. To
achieve rapid composting, aeration is essential.

Slotted Floors. Slotted floor buildings all under roof in
which cattle are housed and fed have limited application at this
time in North Carolina. in order to compare favorably with other
systems the cost of slats and the convenience and efficiency in
storing manure temporarily in pits under the slotted floor must
be offset by high bedding and labor costs. Another consideration
is the removal of the manure from the pits.

Storm Runoff Control

A retention pond should suffice to collect storm runc.. from
paved areas, dirt lots and drainage areas outside the paved areas
that channel runoff through the lots for systems that handle ma-
nure in a solid form or use a storage tank. Because the runoff
can be diverted to a lagoon it is not necessary to construct a
retention pond where a lagoon is used. As of this writing, most
pollution control enforcement agencies are proposing storm runoff
water retention facilities for a 10-year, 24-hour storm. This
means that a beef cattle operation must have an adequate liquid
waste retention facility to retain all runoff from areas where
manure collects or is deposited for the worst storm likely to
occur within a 24-hour period once in 10 years. In North Caro-
lina this storm produces an average of 6 in. of rainfall.

To store 6 in. of rainfall, 3750 gal or 500 cu ft of storage
for each 1000 sq ft of area that drains to the retention pond is
required. The area includes all paved and dirt lots, roofed
areas and areas outside but adjacent to the beef cattle operation
that channel runoff water through any area x.here the manure col-
lects or is deposited.

Figure 1 gives a typical cross-section of a retention pond.
The depth of the pond is dependent on site conditions. A good
starting depth is about 4 ft. The side slopes should be no less
than 1 (rise) to 2 (run). The bottom should slope approximately
1 to 100 toward one end with the last 5 ft having a slope of 1 to
10 in both directions toward the strainer location. This allows
the pond to be pumped dry. The strainer should be located about
1 ft above the bottom to prevent clogging and preferably should
be fixed.

The retention pond must be kept dry except for the interval
between the time that rain is falling and the land is too wet for
irrigating the effluent. Normally an irrigation system should be
used to spread the effluent. A tank wagon equipped with a vacuum
pump might be used with small retention ponds, but its volume
will limit its use.
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Figure 1. Typical Cross-section of a Retention Pond.

UTILIZATION AND LAND REQUIRMEENTS

Utilization of beef cattle manure by direct land application
is generally recommended. However, because large quantities of
manure are generated in concentrated operations, many of which
have limited land area, the manure is often treated as an un-
wanted commodity to be disposed of by any means that are pub-
licaly acceptable or economically feasible. Whenever possible
the manure should be treated as a resource and be used as a
valuable source of plant nutrients.

Animal manures were one of the earliest sources of plant
nutrients. They constituted a major portion of the soil fertil-
ity experiments on the first agricultural experiment station, the
Rothamsted Station, in England, which was started more than 140
years ago. Likewise, they were used extensively in all of the
early soil fertility experiments in the United States. In almost
all of those early experiments cattle manures proved equal to or
better than commercial fertilizers which at that time were of low
quality compared to modern commercial fertilizers. This is well
illustrated by some of the Rothamsted data which are presented
here for both their historical and technical value (Figure 2).

During the past 40 to 50 years beef cattle manures have been
largely replaced by commercial fertilizers as sources of plant
nutrients. This may be attributed to: 1) improved physical and
chemical quality of commercial fertilizers; 2) improved methods
of handling and applying commercial fertilizers; 3) the smaller
tonnage of commercial fertilizers required to give the same
amount of plant nutrients; and 4) the lower cost per pound of
plant nutrients in commercial fertilizers. Beef cattle manure
can be used as a source of nutrients for most crops grown in
North Carolina except tobacco and certain other crops where
nitrogen control is essential.

The principal plant nutrients supplied by both beef cattle
manures and commercial fertilizers are nitrogen (N), phosphorus
(P) and potassium (K). These nutrients are expressed as percents
nitrogen (N), phosphate (P205 ) and potash (KxO). I addition to
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N, P and K, beef cattle manure usually contains an appreciable
amount of calcium, magnesium and sulfur; and traces of manganese,
boron, copper and zinc, all of which are essential for plant
growth.

Amount and Composition of Beef Cattle Manures

The daily production and the composition of beef cattle ma-
nure varies with the size and breed of animal, and the kind and
amount of feed consumed. Table 5 presents representative values
for the amount and composition of beef cattle manure.

These figures are approximate averages and should be used
only as such. The actual composition of any particular batch of
manure will be determined by the amount of moisture, the amount
of bedding material present, the rations fed, and the way the ma-
nure has been handled or stored.

The relative value of cattle manure as compared to commer-
cial fertilizers will be determined by the composition of the ma-
nure and by the cost of handling it. This will vary from farm to
farm and should be estimated in each individual situation. An
important item that should not be overlooked in estimating the
value of manure is the fact that it must be disposed of but the
cost of disposition is partially offset by its fertilizer value.

Table 5. Average Amount and Composition of Manure Produced by a 1000-1b Beef Animal

Composition

Amount N K20 N P'205 K,O N P.2() K2 0

LWDay/Cow uI'r in Fresh

Average Percent LWAnimaVDay Manure

64 0.90 0.35 0.45 0.36 0.14 0.18 18 7 9

Effects of Beef Cattle Manure on Soils and Crops

Beef cattle manure has several beneficial effects on the
chemical, physical and biological properties of soils.

Chemical Effects. The principal chemical effect of manure
is the supplying of the major plant nutrients: nitrogen, phos-
phate, and potash. It also contains a number of other chemical
elements necessary for plant growth. The effect of cattle manure
on crop yields is shown in Fgures 2 and 3. Figure 2 shows that
manure was as effective as commercial fertilizers in producing
wheat on the Rothamsted Experiment Station. Figure 3 shows that
manure produced almost 1900 pounds of seed cotton per acre per
year on the Soil Erosion Experiment Station near Statesville,
North Carolina. The check plot at the Statesville Station was
not fertilized, and, therefore, the yield on it is not comparable
to that of the manured plot. In contrast to commercial fertili-
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5-1NO TREATMENT

LB FERT/ACRE/YR ' 124N-66P 2 05 -102 K2 0

* TONS MANURE/ACRE/YR 15.7
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Figure 2. Effect of cattle manure on wheat yields on the oldest agricultural experiment station, at lRotharmted, England.The 10-year periods and the 53-year average (1852-1906) show that yields on the manured plots were about the same as thoseon the fertilized plots.
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zers, beef cattle manure supplies organic matter to soils, and
this is usually considered beneficial in increasing the nutrient-
holding capacity of soils.

Physical Effects. If manure is applied to the surface of
the soil, it will help to prevent soil crusting. If mixed with
the soil, it will decompose more rapidly and the products of de-
composition will improve soil structure and the general physical
condition of the soil. Thus, whether applied to the surface or
mixed with the soil it will be important in conserving water and
soil by reducing runoff and erosion. This is well illustrated by
the data in Figure 3. Beef cattle manure frequently is credited
with increasing the available water-holding capacity of soils.
This is generally not true. If the manured soil contains more
water, it very probably is because more soaked in during rainfall
or irrigation.

40 2000

E- RUNOFF

E 1 EROSION

[ YIELD

< 30 1500

0

w I

g 20 1000 U

0

M

II

0

777-J

I. 10 500

0

NO ThEATMENT B TONS MANURE PER

ACRE PER YEAR FOR 6 YEAR

Figure 3. Effect of cattle manure on runoff, erosion and
cotton yield at the Statesville Soil Erosion Experiment
Station. (The yields are not comparable because (he
check plots were not fertilized. The good yield on the
manurd plot is important.)

Biological Effects. Manure is a source of food, and hence
energy, for soil im-Lcroorganisns that decompose it. These soil
microorganisms have many very important direct and indirect
effects on many physical, chemical, and biological properties of
the soil.
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Factors Affecting Rates of Application

Several factors affect the amount of manure that might be
applied to any given land area. They are: (1) the use to be
made of the land--whether it is to be used for crop production or
for manure disposal only; (2) if used for crop production, the
kind of crop to be grown; (3) the characteristics of the soil in-
cluding texture, depth and fertility status; (4) topography as it
affects runoff and erosion; (5) the season of the year in which
the manure is to be applied; and (6) possibility of environmental
pollution, particularly the contamination of surface and ground
water by excessive leaching or runoff. In this connection care
must alway be taken to prevent any waste or waste water from
reaching the surface waters of the state and violating the water
quality standards assigned to those waters.

From the standpoint of crop production the amount of manure
to be applied to any particular crop is determined by the nitro-
gen content of the manure and the nitrogen requirements of the
crop. This will be explained more fully in the following pages.

Crop production is not the only factor to be considered in
determining the amount of manure that might be applied to any
particular soil. Another very important factor is the possible
effect of the manure on environmental pollution, particularly
contamination of surface or ground water. The two elements con-
tained in manure which are most likely to cause problems in water
are nitrogen, particularly in the nitrate form, and phosphorus.
Excessively large amounts of nitrates can be toxic to animals and
considerable accumulation of nitrates and phosphate in surface
water causes eutrophication (excessive growth of algae and other
water-loving plants). When manure decomposes in the soil the
nitrogen will ultimately be converted to the niLrate form which
is very easily leached. If it leaches downward in the soil to a
poorly drained layer, in which there is sufficient organic matter
for microorganisms to live on, the nitrate will be converted to
the ammonium form which is less easily leached and less toxic to
animals, and is likely to be volatilized.

Table 6 gives the relative potential nitrate leaching rates
together with some of the soil properties affecting leaching. As
a general rule, it would be undesirable to apply heavy applica-
tions of manure to soils with a high nitrate-leaching potential.
On such soils it would be desirable to use smaller applications
distributed throughout the year, making sure that the total ap-
plication within a year is not excessive.

On fine textured soils infiltration is retarded and surface
runoff may contribute to stream pollution. However, as shown in
Figure 3 manure is very iioportant in reducing surface runoff.

Table 6 also shows the relative phosphate-fixing capacity of
representative soils in North Carolina. Many soils have the
capacity to "fix" phosphorus; that is, render it relatively in-
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soluble and on those soils phosphate leaching is usually not a
problem. It is a problem, however, on sand and care should be
taken not to add large amounts of phosphorus to soils with low
phosphate-fixing capacity. As a general rule, the red to
reddish-yellow soils with considerable clay in the subsoil have
the higher phosphate-fixing capacity. The relative values for
some typical soils in the state are given in Table 6.

The leaching of nitrates, phosphates and other plant nutri-
ents is affected by a number of factors such as soil temperature
(which affects the rate of decomposition of manure), the kind of
crop being grown and, hence, the rate of utilization of the nu-
trients by the crop, and the soil moisture conditions. Under
normal climatic conditions in North Carolina the soils are
usually wet during the winter and relatively dry during the sum-
mer. "Normal" summer rains penetrate the soil to relatively
shallow depths (6 to 10 to 15 inches, depending upon the texture)
and under high summertime temperatures the moisture is rapidly
lost by evaporation. Under such conditions leaching of nitrates
to the water table is improbable, except on extremely coarse-
textured soils.

Because only about half of the nitrogen contained in the
manure will become available during the first growing season, it
might be possible to apply about twice the recommended amount of
nitrogen to grain and forage crops without danger of nitrate
toxicity or groundwater contamination. However, in succeeding
years this carry-over should be taken into account and rates
adjusted accordingly. The ratio of N-P 0 -K 0 in beef cattle
manure is about 2-1-1. (Table 5). Th efo;e, application of
sufficient manure to get the desired amokunt of nitrogen usually
will add sufficient phosphorus and potash. If twice the recom-
mended amount of nitrogen is added (based on 50% availability) it
is possible that excessive potash might be added. Some believe
that excessive potash in foracgs may cause tetany in animals. If
the manure does not supply sufficient phosphorus, super-phosphate
may be used to supplement that in the manure.

Phosphorus is mainly in the organic form in beef cattle ma-
nure. Phosphorus availability is directly related to the rate of
manure decomposition and is much slower than that of nitrogen.
Potassium in beef cattle manure is an inorganic salt that is
easily leached and is readily available for plant use. Most of
the other plant nutrients, including the micronutrients, will be
released as the manure decomposes.

Losses of nutrients from manure may be by leaching of sol-
uble salts of volatilization. However, these losses can be held
to a minimum if the material is applied to the land and incorpo-
rated into the soil. Beef cattle manure that is high in nitrogen
should be applied to the land and incorporated into the soil.
Beef cattle manure that is high in nitrogen should be applied to
the land at least 2 to 4 weeks prior to planting to prevent
ammonia from burning the plants and to reduce possible salt in-
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jury. Where available land is required for feed production, man-
agement practices must be developed to permit land spreading at
suitable times.

How To Determine the Amount to Apply

The nutrient composition of the manure is very dependent on
the type of waste management system. Producers, especially those
using liquid storage tanks and lagoons, should have the slurry or
lagoon liquor analyzed. There are several commercial labora-
tories in North Carolina that have expressed an interest in
analyzing waste samples. For further information, contact your
county extension agent or one of the regional offices of the
Office of Water and Air Resources of the Department of Natural
and Economic Resources located in Greenville, Raleigh, Concord
and Asheville.

Estimates of the existing soil nutrient supply can be ob-
tained by soil tests made by the Soil Testing Divisionof the
North Carolina Department of Agriculture. Rates of application
should be based on the recommended amount of nitrogen needed to
supplement the existing soil nitrogen needed to supplement the
existing soil nitrogen supply for the particular crop to be
grown. Contact your county extension agent for further informa-
tion on determining the rate of application.

Illustrative examples are shown for handling the waste in
solid and slurry forms, and as lagoon effluent. Each example is
for a specific set of conditions that may or may not be appli-
cable to your area. Each example is based on the approach that
the beef cattle manure is to be a source of fertilizer with the
long range objective of optimum crop production.

If the approach is taken whereby the land is to be used for
waste disposal without consideration of any crop, higher applica-
tion rates than given in the examples below could be used. How-
ever, the risk of groundwater and surface water contamination is
greater, a very good understanding of the characteristics of the
soil is essential, and lastly, a resource in the form of fertili-
zer is being wasted. If this latter approach is used, contact
your county extension agent or Soil Conservation Service district
conservationist.

Examples

In the examples given below, information on the following
will be given based on handling the manure from 500 head of
1000-lb cattle:

- Rate of application.

- Total land area needed per year.
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Land area required for spreading at definite intervals.

Number of trips required for spreading at definite in-
tervals (except for lagoon example).

Size of retention pond when needed.

THE EXAMPLES DO NOT TAKE LOCATION, TOPOGRAPHY, SEASON OF
YEAR, WEATHER CONDITIONS, STAGE OF CROP GROWTH OR SOIL TYPE INTO
ACCOUNT. These factors will be discussed in a subsequent bulle-
tin. The numbers in the parentheses show how the calculations
are made.

Solid Form. Assume that the fertilizer recommendations for
corn on a particular soil are as follows:

N 0 K 0OLime
lb/A lb/A lb/A T/A
180 140 160 2

All of the nitrogen (N) is to be supplied by the manure.

1. What is the rate in tons per acre needed to supply the
recommended amount of nitrogen?

From Table 5 the average amount of N is fresh beef cattle
manure is 18 lb/T. The rate in tons per acre is determined
by dividing lbN needed by the lb N/T of manure. The result
is 10 T/A (180 lb/A t 18 lb/T).

NOTE! Manure that is stored in a pile or a manure pack will
have different amounts of N per ton than fresh manure be-
cause of drying and volatilization. Therefore, the manure
should be analyzed to determine the appropriate rate of ap-
plication.

2. What is the total land area needed in order that the appli-
cation rate for nitrogen is not exceeded?

From Table 5, a 1000-lb animal produces 64 lb/day of manure.
This is equivalent to 11.70 T/yr [(64 lb/day x 356 days/yr)
t (200 lb/T)] or 5850 T/yr from 500 beef cattle. Dividing
the total amount of manure by the desired application rate
gives the total land area required. The result is 585 A
(5850 T t 10 T/A).

Because only 50% of the total N is available the first year,
twice the application rate could be made the first year.
Thus 293 A of corn could be fertilized in a safe manner for
the first year only.

3. How much area is required for daily spreading?
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From Table 5, a 1000-lb animal produces 64 lb/day of manure.
Thus 500 animals will produce 32,000 lb/day or 16 T/day
(32,000 lb/day t 2000 lb/T). From the answer to Question 1,
the maximum rate of application is 1OT/A. Dividing the
daily production rate by the application rate gives the area
required. The result is 1.6 A/day (16 T/day t 1OT/A).

4. If the manure is spread daily, how many trips are required
with a manure spreader?

There are several sizes and types of manure spreaders. Be-
cause the cost of an individual spreader is dependent on the
size and type, haul distance may be an important factor to
consider. From the answer to Question 3, the daily produc-
tion rate is 16 T/day. From Table 1, 7 trips with a 180 bu
capacity or 11 trips with a 108 bu capacity spreader are re-
quired.

5. What size retention pond is required to rEtain the storm
runoff water from a 6-in. rainfall (24-nr 10-yr storm)?

A 500-head beef cattle operation would have approximately 55
sq ft of paved and roof areas per animal. Thus the area
contributing to the retention pond excluding any area out-
side the lots that channels runoff water through the lots is
27,500 sq ft (55 sq ft/animal x 500 animals). The volume of
run-off water to be stored is 13,750 cu ft (27,500 sq ft
12 in./ft).

If a 4-ft depth of retention pond can be used, a 50-ft wide
69-ft long pond with vertical walls would be required (50 ft
x 69 ft x 4 ft = 13,800 cu ft). Because the slides must
have a minimum slope of 1 (rise) to 2 (run), a retention
pond with a 42-ft wide by 61-ft long bottom has sufficient
size. The top dimensions for the 4-ft deep pond are 58 ft
by 77 ft. See Figure 1 for a typical cross-section of a re-
tention pond.

NOTE! If the roofed area is guttered and the water diverted
so that it does not come in contact with the manure, the
size of the rete.Cion pond can be proportionally reduced.

Slurry Form. The manure is scraped into a storage tank and
handled in a slurry form. A 30-day clean-out interval is used.
The same fertilizer recommendations as assumed in the Solid Form
Example will be used.

1. What size closed storage tank is required?

A 1000-lb animal will produce approximately 1 cu ft or 7.5
gal of waste per day. The size of storage tank will depend
on the clean-out interval. From Table 2 the storage capac-
ity needed for a 30-day clean-out interval is 169,000 gal.

V-306



Table 3 gives several combinations of tank sizes. If a24-ft width and 10-ft depth is selected, the storage capac-.ity per foot of length would be 1800 gal/ft. Thus a tanklength of 94 ft (169,000 gal t 1800 gal/ft) is required.
Thus, the tank size is 94 ft by 24 ft by 10 ft.

2. What is the rate in tons per acre needed to apply the recom-
mended amount of nitrogen?

Calculations are performed exactly as given in the answer toQuestion 1 of the Solid Form Example. The result is 10 T/A.

3. What is the total land area needed in order that the appli-
cation rate for nitrogen is not exceeded?

Calculations are performed exactly as given in the answer toQuestion 2 of the Solid Form Example. The result is 585 A.

4. How much land area is required for spreading on a 30-day in-
terval?

A 30-day spreading interval means that the waste will bespread 12 times per year. Thus 48.7 A (585 A - 12) is re-
quired.

5. How many trips are required with a liquid manure spreader?

There are several sizes of liquid manure spreaders. Becausethe cost of an individual spreader is dependent on the size,haul distance may be an important factor to consider. Fromthe answer to Question 1, approximately 169,000 gal willneed to be spread every 30 days. If an 800 gal capacityspreader is used, 211 trips (169,000 gal t 800 gal/trip)
would be required.

6. What size retention pond is required to retain the storm
runoff from a 6-in. rainfall (24-hr 10-yr storm'?

Calculations are performed exactly as given in the answer toQuestion 5 of the Solid Form Example. The result is a re-tention pond with a stora gecapacity-of 13,750 cu ft.

Lagoon Effluent. The manure is scraped into one anaerobiclagoon. The same fertilizer recommendations as assumed in theSolid Form Example will be used. The terms lagoon liquor andlagoon effluent are used below. Lagoon liquor is the liquid andwaste mixture in the lagoon. Lagoon effluent is the lagoon
liquor that is discharged or taken from the lagoon.

.. What lagoon volume and surface area are required?

Design criteria approved by the North Carolina Board ofWater and Air Resources require 660 cu ft per animal. Storm
runoff water was not considered in the design criteria.
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Therefore the lagoon volume required is 330,000 cu ft (500
animals t 660 cu ft/animal).

The exact surface area of a lagoon depends on the depth and
side slopes which in turn are dependent on the site condi-
tions. A first approximation of the zulface area can be ob-
tained by dividing the volume by the depth. This approxi-
mate surface area provides sufficient accuracy to make the
necessary calculations in the remainder of the answers to
the questions in this example. If a 6-ft depth is selected,
the approximate surface area would be 55,000 sq ft (330,000
cu ft t 6 ft) of 1.26 A (55,000 sq ft t 43,560 sq ft/A).
See Appendix I for design details of a lagoon. See Misc.
Ext. Publication No. 89 entitled "Tentative Guidelines for
the Design, Installation and Operation of Animal Waste
Treatment Lagoons in North Carolina" for construction de-
tails.

2. How much lagoon liquor needs to be removed each year from
the lagoon in order to prevent discharge through the over-
flow pipe?

When the lagoon is nearly filled to capacity, some lagoon
liquor must be removed periodically during the year to pre-
vent discharge through the overflow pipe. This discharge
would be caused by manure being added, storm runoff water
being diverted to the lagoon, and rain falling directly on
the lagoon.

A 1000-lb beef animal produces 1 cu ft/day. Thus, the year-
ly production from 500 animals is 182,500 cu ft/yr (1 cu ft
x 500 animals x 365 days/yr).

The average rainfall in North Carolina is about 50 in./yr.
Nearly all of this amount will become storm runoff water if
it falls on the paved area or dirt lots. A 500-head opera-
tion would have about 55 sq ft of paved and roof area per
animal. If this is the only area that contributes to the
runoff, the amount of runoff water would be 114,500 cu ft/yr
(55 sq ft/animal x 500 animals x 50 in./yr t 12 in./ft).

NOTE! The local average amount of rainfall per year in
North Carolina exceeds the average evaporation by about 15
in. per unit surface area, 68,700 cu ft/yr (55,000 sq ft x
15 in. t 12 in./ft) is assumed to be added by the rain in
excess of evaporation that falls directly on the lagoon.

NOTE! The local average amounts of rainfall and evaporation
should be used when making this calculation for your area.
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Thus, the approximate amount of lagoon liquor to be removed
and spread on the land each year is 365,700 cu ft (182,500
cu ft/yr + 114,500 cu ft/yr + 68,700 cu ft/yr) or 8.37 ac
ft/yr (365,700 cu ft t 43,560 sq ft/A).

3. What is the nitrogen concentration of the lagoon liquor?

Because the nitrogen concentration of the lagoon liquor will
vary according to the amount of water used, a nitrogen anal-
ysis of the lagoon liquor should be made by a commercial
laboratory. The results will generally be expressed in
milligrams N per liter (mgN/l). A rough estimate of the
nitrogen concentration of the lagoon liquor can be obtained
by dividing the lbN in the liquor by the total amount of
waste and water that is added to the lagoon each year.

From Table 5, the mean amount of N in beef cattle manure
from a 1000-lb beef animal is about 0.36 lb/day'animal or
65,600 lb/yr (0.36 lb/day/animal x 365 days/yr x 500 ani-
mals) from 500 beef cattle. A conservative assumption isthat the N concentration of the lagoon liquor in an anaero-
bic lagoon that has been in operation for more thanone year
is generally not more than 50% of the N of the fresh waste
input. Thus 32,800 lbN are estimated to be in the lagoon
liquor.

From the answer to Question 1 the total volume of the lagoon
is 330,000 cu ft or 2,465,000 gal (330,000 cu ft x 7.48
gal/cut ft). Therefore a rough estimate of the N concentra-
tion of the lagoon liquor is 0.01330 lbN/gal (32,800 lbN t
2,465,000 gal).

NOTE! The nitrogen concentration of the lagoon liquor may
increase with the age of the lagoon. Therefore a nitrogen
analysis of the lagoon liquor should be made yearly.

4. At what rate can the lagoon effluent be applied to the land?

Table 7 established the rate at which lagoon effluent can be
applied to the land to achieve a certain nitrogen applica-
tion rate. Entering Table 7 with an N concentration of0.01333 lbN/gal and an N requirement of 180 lbN/A, a value
of 13,000 gal/A is obtained by estimation. The exact value
can be obtained by interpolating as follows:

180 lbN-100 lbN

200 ibN-100 lbN

15,000 gal/A - 7,500 gal/A

+ 7,500 gal/A = 13,500 gal/A.

5. What is the total yearly acreage requirement?

As indicated in the answer to Question 2, 8.37 ac ft of la-
goon liquor need to be removed from the lagoon each year.
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This is equivalent to 2,730,000 gal (8.37 ac ft x 12 in./ft
x 27,200 gal/ac in.). Dividing the amount of effluent to be
spread by the application rate gives the acreage required
for spreading. The result is 202 A (2,730,000 gal - 13,500
gal/A).

Because the lagoon will be pumped 4 times per year, 50.5 A
(202 A t 4) are required for each pumping.

Because irrigation is generally expressed in terms of acre
inches applied to a given area, Table 8 was developed to pro-
vide in.ormation regarding the number of acre inches per
acre of effluent required to give the designated rates of
total N per acre for various concentrations in liquid manure
or lagoon effluent.

Table 8 could also have been used to determine the acreage
requirements for Question 5. Entering Table 8 with an N
concentration of 0.01333 lbN/gal and an N requirement of 180
lbN/A, a value of 0.50 ac in./A is obtained by interpola-
tion.

The total amount of lagoon liquor expressed in acre inches
per acre to be removed from the lagoon is 100 ac in. (8.37
ac ft x 12 in./ft). Dividing the amount of effluent to be
spread by the application rate gives the acreage required
for spreading. The result is 200 A (100 ac in. t 0.50 ac
in./A) which is about the same as obtained previously.

One thing is obvious from this example. It is not feasible
to use a tank spreader to spread the effluent. A 1400 gal
spreader would require 1950 trips (2,730,000 gal t 1400
gal/trip).

6. Is it possible to reduce the land area required for spread-
ing the effluent?

The installation of a second lagoon in series with the
existing lagoon will reduce the N concentration of the
effluent from the existing lagoon by approximately 50%.
Thus the N concentration of the effluent to be spread is
about 800 mgN/l. Entering Table 7 with 800 mgN/1 and 180
lbN/A, a value of 27,000 gal/A is obtained by interpolation.
The acreage required would be 101 acres (2,730,000 gal •
27,000 gal/A).

If Table 8 were used, a value of 0.99 ac in./A is obtained
by interpolation. The required acreage would be 101 A (100
ac in. t 0.99 ac in./A) which is the same as obtained above.

Question 6 points out a problem that can exist when low con-
centrations are to be spread on fields that require high
fertility rates. Assume than an effluent containing 100
mgN/l is to be spread to satisfy a soil test requirement of
400 lbN/A. From Table 8, 17.6 ac in./A would be required.
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TABLE 7. GALLONS PER ACRE OF LIQUID MANURE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN PER ACRE

N Concentrationof Slurry Gallons per Acre Required to Give the Following Pounds of N per Acreor Effluent

MgN/1l LbN/gal 100 200 300 400 500 600

50 0.0041 240,000 480,000 720,000 960,000 1,200,000 1,440,000100 0.00083 120,000 240,000 360,000 480,000 600,000 720,000200 0.00167 60,OCO 120,000 180,000 240,000 300,000 360,000
300 0.00250 40,000 80,000 120,000 160,000 200,000 240,000400 0.00333 30,000 60,000 90,000 120,000 150,000 180,000500 0.00416 24,000 48,000 72,000 96,000 120,000 144,000600 0.00500 20,000 40,000 60,000 80,000 100,000 120,000700 0.00583 17,150 34,300 51,500 68,600 85,700 103,000
800 0.00667 15,000 30,000 45,000 60,000 75,000 90,000900 0.00750 13,300 26,650 40,000 53,300 66,500 80,0001000 0.00833 12,000 24,000 36,000 48,000 60,000 72,0001100 0.00917 10,900 21,800 32,700 43,600 54,500 65,400I"' 1200 0.01000 10,000 20,000 30,000 40,000 50,000 60,000

1300 0.01083 9,230 18,460 27,690 36,920 45,150 55,3801400 0.01168 8,560 17,120 25,680 34,240 42,800 41,360
1500 0.01250 8,000 16,000 24,000 32,000 40,000 48,0001600 0.01333 7,500 15,000 22,500 30,000 37,500 45,0001700 0.01417 7,060 14,120 21,180 28,240 35,300 42,3601800 0.01500 6,660 13,320 19,980 26,640 33,300 39,9601900 0.01583 6,330 12,660 18,990 25,320 31,650 37,980
2000 0.01667 6,000 12,000 18,000 24,000 30,0000 36,0002100 0.01750 5,710 11,420 17,130 22,840 28,550 34,260
2200 0.01833 5,450 10,900 16,350 21,800 27,250 32,7002300 0.01917 5,220 10,440 15,660 20,880 26,100 31,320
2400 0.02000 5,000 10,000 15,000 20,000 25,.000 30,0002500 0.02083 4,800 9,600 14,400 19,200 24,000 28,800
2600 0.02165 4,615 9,230 13,845 18,720 23,075 27,6902700 0.02250 4,450 8,900 13,350 17,800 22,250 26,7002800 0.02333 4,280 8,560 12,840 17,120 21,400 25,6802900 0.02415 4,140 8,280 12,420 16,560 20,700 24,8403000 0.02500 4,000 8,000 12,000 16,000 20,000 24,000



TABLE 8. ACRE INCHES PER ACRE OF LIQUID MANURE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN
PER ACRE

N Concentration
of Slurry Acre Inches per Acre Required to Give the Following Pounds of N per Acre

or Effluent

MgN/1 LbN/gal 100 200 300 400 500 600

50 0.00041 8.82 17.64 26.48 35.28 44.10 52.96
100 0.00083 4.41 8.82 13.24 17.64 22.05 26.48
200 0.00167 2.20 4.40 6.60 8.80 11.00 13.20
300 0.00250 1.47 2.94 4.41 5.88 7.35 8.82
400 0.00333 1.10 2.20 3.30 4.40 5.50 6.60
500 0.00416 0.88 1.76 2.64 3.52 4.40 5.28
600 0.00500 0.74 1.48 2.22 2.96 3.70 4.44
700 0.00583 0.63 1.26 1.89 2.52 3.15 3.78
800 0.00667 0.55 1.10 1.65 2.20 2.74 3.30
900 0.00750 0.49 0.98 1.47 1.96 2.45 2.94

1000 0.00833 0.44 0.88 1.32 1.76 2.20 2.641100 0.00917 0.40 0.80 1.20 1.60 2.00 2.40
1200 0.01000 0.37 0.74 1.11 1.48 1.85 2.22
1300 0.01083 0.34 0.68 1.02 1.36 1.70 2.04
1400 0.01168 0.31 0.62 0.93 1.24 1.55 1.86
1500 0.01250 0.29 0.58 0.87 1.16 1.45 1.74
1600 0.01333 0.28 0.56 0.84 1.12 1.38 1.68
1700 f.01417 0.26 0.52 0.78 1.04 1.30 1.56
1800 0.01500 0.25 0.50 0.75 1.00 1.25 1.50
1900 0.01583 0.i3 0.46 0.69 0.92 1.16 1.38
2000 0.01667 0.22 0.44 0.66 0.88 1.10 1.32
2100 0.01750 0.21 0.42 0.63 0.84 1:05 1.26
2200 0.01833 0.20 0.40 0.60 0.80 1.00 1.20
2300 0.01917 0.19 0.38 0.57 0.76 0.95. 1.14
2400 0.02000 0.18 0.36 0.54 0.72 0.92 1.11
2500 0.02083 0.18 0.35 0.53 0.71 0.88 1.06
2600 0.02165 0.17 0.34 0.51 0.68 0.85; 1.02
2700 0.02250 0.16 0.33 0.49 0.65 0.82 0.98
2800 0.02333 0.16 0.31 0.47 0.63 0.79 0.94
2900 0.02415 0.15 0.30 0.46 0.61 0.76 0.91
3000 0.02500 0.15 0.30 0.44 0.59 0.73 0.88



This extra amount of water over and above the normal rain-
fall would probably keep the soil too wet, especially in a
wet season. This would result in poor soil aeration and in
many instances in the growth of slime molds. As a result
crop growth would be reduced or destroyed.

Soil Management

For most efficient utilization of nutrients, beef cattle
manure should be mixed with the soil either by plowing or disk-
ing. If it is left on the surface, some N will be lost by vola-
tization and perhaps some by surface runoff. Mixing with the
soil will essentially eliminate this loss. It will also be very
effective in eliminating odors.

The manure must be decomposed before most of the nutrients
contained in it become available. Plants cannot use the N, P, K,
and other chemical elements contained in the organic manure; they
must be released in the inorganic form.

Plowing or disking the manure into the soil will speed its
decomposition and will enhance essentially all of the physical,
chemical, and biological properties of the soil. However, when
applying to pastures, grain and certain other crops, it is not
possible to mix it with the soil. If applied to vegetated areas
as a slurry irrigation, it is more apt to come into contact with,
or perhaps enter, the soil than if applied as dry material.

Some other points to keep in mind include the following:

Liquid manure should be applied in a manner that will
not contaminate surface water. It should not be
applied nearer than 50 feet to a stream or other sur-
face water.

Regardless of the method of application it must be pre-
vented from going directly into waterways or into seep-
age areas leading directly to a waterway.

The wind direction and velocity and the proximity of
neighbors should always be kept in mind when applying
manure to the land.

When irrigation is used, it is desirable to follow the
application of the effluent with an application of
water. This will flush out the irrigation system and
will wash the manure off the vegetation and cause more
of it to penetrate the soil. However, care should be
taken not to add too much water which might result in
surface runoff and in poor soil aeration.
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Odor Control

Under ideal conditions in a beef cattle feed lot, bacterial
action converts part of the organic materials in manure to ni-
trate, thus increasing the fertilizer value of the manure. Much
of the odor in feed lots is ammonia, resulting from urea being
hydrolyzed to ammonia. This represents a loss of plant food and
lowers the fertilizer value of the manure. As ammonia becomes
more concentrated it reduces the bacterial action. Ammonia is
more concentrated when animals are confined to smaller areas,
when bedding materials are used and when manure is allowed to
accumulate or is stored in an open place.

The following guidelines should be considered in reducing

odor:

Provide more space per animal.

Allow maximum air movement.

Locate feed lots so that prevailing wind blows away
from population centers.

Scrape or wash paved surfaces to avoid accumulation of
manure.

If you are surface applying, break the material up so
it will dry fast. Apply at a time when the air is dry.
Do not apply when the weather is hot and humid. Apply
when the humidity is the lowest for your area.

Use spreaders thatdo not drip waste material along the
road. Tank spreaders are now available with injectors
for depositing the manure 4 to 6 in. below the ground
surface. With this method the manure is immediately
covered which greatly reduces the odor.

Certain chemicals may be sprayed on lots to mask or assist
in the control of odors. However, the practical value of this
practice is questionable.

Aerators are helpful in reducing odors in lagoons, but no
criteria as to the amount of aeration necessary have been estab-
lished.

Pest Control

Flies

Flies may be reduced in number by a good program of sanita-
tion that limits the incubation areas for hatching eggs. Removal
of manure from the feed lot and the drainage of damp areas will
help. Sugar baits placed in alley ways, residual sprays on feed
bunks, fences, sheds, etc. are valuable in reducing flies. Space
sprays can be applied over the entire surface of the feed lot by
misting or fogging. Misting is preferred by more operators due
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to the smaller amount of drift. See the current N.C. Agricul-
tural Chemicals Manual for insecticides to use in eitH- space or
residue sprays or for baits.

When manure is hauled to the fields it should be spread thin
to speed the arying process and eliminate it as a breeding place
for flies. When a thick application is made it should be plowed
under in a few hours.

Birds, Rats and Mice

These cause problems in feed lots by eating and contaminat-
ing feed. The most practical control measures are sanitary prac-
tices that eliminate the spillage of feed from bunks or storage
areas. The fencing off of the bunks and buildings to eliminate
nesting areas and keeping trained dogs or cats around the feed
lot to scare away pests will also help.

N.C. State Statutes prohibit the use of poison baits to con-
trol either birds, rats or mice. A chemical repellent bait
marketed under the trade name of "Starlicide" has been effective
in discouraging visits by birds to feed lots in other states.

For up-to-date legal recommendations on chemicals to use,
contact your county extension agent.

Mosquitoes

Heavy populations of mosquitoes sometimes develop in live-
stock waste lagoons. The mosquito species usually involved needs
the protective vegetation along the shoreline for egg laying and
survival of its young. To eliminate the mosquito problem remove
marginal vegetation, including any flooded plants, and rake dead
vegetation and debris away from the edge of the lagoon liquor.
Vegetation can be physically removed or killed with an approved
herbicide. For emergency control, apply Flit MLO at 5 gal per A
or No. 2 fuel oil at 10 gal per A as a spray.

Economics

If a producer is to make a rational choice among the various
waste management systems, he must compare costs of these systems
and estimate the value of the waste in a cropping program. In
general, systems that handle manure in solid form are less expen-
sive than those using liquid systems. However, because each sit-
uation is different, no one "best" system can be suggested--each
producer must make his own comparisons.

Each producer must start with his present situation. A pro-
ducer who is constructing new facilities can simply compare the
total annual costs of various waste management systems along with
corresponding housing facilities and weigh these costs against
the environmental desirability and manure value for each system,
realizing the limits upon the capital which he can invest.
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Typically, however, a producer with functional existing
facilities finds that he may have to change his waste management
system because of legislation, labor scarcity, or limited land on
which to apply the manure. In this case, the producer will want
to look at the net income effect of switching from his present
system to another. The calculations involve additng the various
additional annual costs associated with the switch.

Two types of costs are involved in any waste management sys-
tem. They are ownership or fixed costs and variable or operating
costs. Both ownership and variable costs should be considered in
selecting the waste management system for a specific beef cattle
operation. Annual ownership costs are depreciation, interest or
investment, repairs, insurance and taxes. Variable costs are for
such items as fuel, labor and any other out-of-pocket costs.

In choosing a waste management system, the beef cattle pro-
ducer should first select the ones that will handle his situa-
tion. If only one system is believed suitable, then the only
thing to determine is if he can afford to continue in the beef
cattle business with the added costs incurred with the waste man-
agement system.

should two or more of the systems be suitable, the farmer
should then itemize both the annual fixed costs involved in each
system and the annual variable or operating costs. The system
with the least annual total cost should be selected assuming that
either system being considered will adequately handle the amount
of waste produced.

Tables 9-14 present estimates of the investment required for
equipment and facilities for each system together with annual
power and labor requirements. Optional irrigation systems are
included in the footnotes. The data in the tables were obtained
from equipment dealers, farm surveys and university research.
The annual ownership costs were calculated by multiplying the
initial cost of specialized manure facilities and equipment by an
ownership cost factor. lable 15 presents the ownership cost cal-
culations for facilities and equipment. The footnotes after
Table 15 explains the calculation of the ownership cost factor
for specific items. Tractor use, labor and electricity were
charged at hourly rates.

Each table is provided with blank spaces to insert those
costs, labor and power coefficients which will enable the indi-
vidual to evaluate alternative systems for his operation.
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TABLE 9. SYSTEM I ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 500 HEAD OF 1000-LB CATTLE

Estimated Cost Your Cost
Item Initial Ownership 1 Hourly Annual Initial Annual

Investment Cost Factor1  Hours Rate Cost Investment Cost

Annual ownership cost
Front end loader (8 ft) and manure

bucket (42 in.) $1,000 .26 $ 260
Spreader, rear-unload (180 bu) 1,300 .33 429
Retention Pond (510 cu yd)

@ 50¢/cu yd) 2 255 .12 31
Irrigation system

Pump (5 hp centrifugal) 550 .17 94
Sprinklers (24, 7 8 gpm capacity) 180 .23 41
Pipe (2000 ft - 1% in. - 2 in.

PVC class 160 w/fittings) 1,270 .13 165
Gate valves (5 - 2 in.) 50 .21 11

Total annual ownership cost $1,031

Tractor use (60-70 hp)
Scrape 3 490 2-90 $1,421
Clean shelter and spread 153 2.90 444
Load and spread daily 465 2.90 1,349

Total tractor $3,214

Labor
Scrape 490 2.50 $1,225
Clean shelter and spread 153 2.50 383
Load and spread daily 465 2.50 1,163
Irrigate (8 irrigations x 0.2 hrs) 2 2.5 5

Total labor $2,776

Electricity for irrigation $ 17
(680 kwh x 2.5C/kwh)

Total $4,605 $7,038

All footnotes after Table 15.



TABLE 10. SYSTEM II ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 500 HEAD OF 1000-LB CATTLE
Estimated Cost Your Cost

Item Initial Ownership 1 Hours Hourly Annual Initial Annual
Investment Cost Factor Rate Cost Investment Cost

Ownership cost
Scraper, rear mounted (8 ft) $ 300 .26 $ 78
Manure bucket, front end mounted

(42 in.) 900 .26 234
Spreader, rear-unload (180 bu) 1,300 .33 429
Ramp and covered storage area 3,250 .12 390
Retention Pond (510 cu yd @

50€/cu yd) 2 255 .12 31
Irrigation system

Pump (5 hp centrifugal) 550 .17 94
Sprinklers (24, 7.8 gpm capacity) 180 .23 41
Pipe (2000 ft - 1% in. - 2 in.

PVC class 160 w/fittings) 1,270 .13 165
Gate valves (5 - 2 in.) 50 .21 11co

Total annual ownership cost $1,473

Tractor use (60-79 hp)
Scrape 3 490 2.90 $1,421
Clean shelter and spread 153 2.90 444
Load and spread daily 310 2.90 899%.

Total tractor $2,764

Labor
Scrape 490 2.50 $1,225
Clean shelter and spread 153 2.50 383
Load and spread daily 310 2.50 775
Irrigate (8 irrigations x 0.2 hr) 2 2.50 5

Total labor $2,388

Electricity for irrigation
(680 kwh x-2. 75/kwh) $ 17

Total $8,005 $6,632

All footnotes after Table 15.



TABJE 11. SYSTEM III ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 500 HEAD OF 1000-LB CATTLE

Estimated Cost Your Cost
Item Initial Ownership 1 Hours Hourly Annual Initial Annual

Investment Cost Factor Rate Cost Investment Cost

Ownership cost
Scraper, rear mounted (8 ft) $ 300 .26 $ 78
Manure bucket, front end mounted

(42 in.) 900 .26 234
Spreader, rear-unload (180 bu) 1,300 .23 299
Spreader, liquid manure 2,100 .33 693
Storage tank (22,560 cu ft @

65¢/cu ft) 14,640 .12 1,758
Agitator pump 1,900 .36 684
Retention pond (510 cu yd @

50¢/cu yd) 255 .12 31
Irrigatin system2

Pump (5 hp centrifugal) 550 .17 94
Sprinklers (24, 7.8 gpm capacity) 180 .23 41

1 Pipe (2000 ft - 1 in. - 2 :n
PVC class 160 w/fittings) 1,270 .13 165

Gate valves (5 - 2 in.) 50 .21 11

Total annual ownership cost $ 4,088

Tractor use
Scrape (60-79 hp) 490 2.90 $ 1,421
Agitate and pump (60-79 hp) 136 2.90 394
Clean shelter and spread (60-79 hp) 153 2.90 444
Spread liquid 90-99 hp) 320 3.52 1,126

Total tractor $ 3,385

Labor
Scrape 490 2.50 $ 1,225
Agitate and pump 136 2.50 340
Clean shelter and spread 153 2.50 383
Irrigate (8 irrigations x 0.2 hr) 320 2.50 800

Total labor $ 2,753

Electricity for irrigation $ 17
(680 kwh x 2.5C/kwh)

Total $23,445 $10,243

All footnotes after Table 15.



TABLE 12. SYSTEM IV ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 500 HEAD OF 1000-LB CATTLE

Estimated Cost Your Cost
Item Initial Ownership 1 Hours Hourly Annual Initial Annual

Investment Cost Factor Rate Cost Investment Cost

Ownership cost
Scraper, rear mounted (8 ft) $ 300 .5 $ 78
Manure bucket, front end mounted

(42 in.) 900 .26 234
Spreader, rear-unload (180 bu) 1,300 .23 299
Lagoon (12,210 cu4 yd @ 50C/cu yd) 6,110 .12 733
Irrigation system

Pump (30 hp, liquid manure) 2,520 .21 529
Walkway to mount pump 475 .16 76
Sprinklers (2, gun type w/trailer) 600 .23 138
Pipe (4180 ft - 4 in. to 5 in.

aluminum w/accessories) 4,540 .17 771

Total annual ownership cost $2,858

Tractor use (60-79)
Scrape 490 2.90 $1,421
Clean shelter and spread

3  490 2.90 444

Total tractor $1,865

Labor
W Scrape 490 2.50 $1,225.

Clean shelter and spread
3  153 2.50 383

0 Irrigate (4 irrigations x 50 hr) 200 2.50 500

Total labor $2,108

Electricity
(8100 kh x 4C/kwh) $ 324

Total $16,745 $7,155

TABLE 13. SYSTEM V ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 500 HEAD OF 1000-LB CATTLE

Estimated Cost Your Cost

Item Initial Ownership 1 Hours Hourly Annual Initial Annual
Investment Cost Factor Rate Cost Investment Cost

Ownership cost
Manure ucket, front end mounted

(42 in.) $ 900 .26 $ 234
Spreader, rear-unload (180 bu) 1,300 .33 429

Total annual ownership cost $ 663

Tractor use (60-79 hp) 3
Clean-elter and spread 765 2.90 $2,219

Labor 3
Clean shelter and spread 765 2.50 $1,913

Haul fill dirt
Tl0--ads @ $5.00/load) $ 50

Total $2,200 $4,845

All footnotes after Table 15.



TABLE 14. SYSTEM VI ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR 50C HEAD OF 1000-LB CATTLE
Estimated Cost Your CostItem Initial Ownership 1 Hourly Annual Initial Annual

Investment Cost Factor1 Hours Rate Cost Investment Cost

Ownership cost
Front end--oader (8 ft) and manure

bucket (42 in.) Cl,000 .26 $ 260Spreader, rear-unload (180 bu) 1,00 .33 429
Retention pond (1,990 cu yd @

50C/cu yard) 5 995 .12 120
Irrigation system

Pump (30 L_, liquid manure' 2,520 .21 529Walkway 135 .16 22Sprinklers (2, gun typa w/trailer) 600 .23 138
Pipe (1590 ft - 4 in aluminum

w/accessories) 1,570 .17 267

Total annual ownership cost $1,765

Tractor use (60-79 hp)Scrape 3 8 2.90 $ 284Clean shelter and spread3  153 2.90 444Load and spread from lot 186 2.90 539

Total trpctor $1,267

Labor
Scrape 98 2.50 $ 245Clean shelter and spread3  153 2.50 383Load and spread from lot 186 2.50 465Irrigate (8 irrigations x 4 hr) 32 2.50 80

Total labor $1,173

Electrict for irri ation
(5680 kwh-47j/kwh) $ 272

Haul fill dirt
T40-T-ads@ $5.00/load) $ 200

Total $8,120 $4,677

All footnotes after Table 15.



TABLE 15. OWNERSHIP COST FACTORS: DEPRECIATION, INTEREST, REPAIRS, TAXES AND INSURANCE, ROUNDED TO NEAREST PERCENT

Interest
Item Life Depreciation (7% on 1/2 Repairs Taxes and Ownership

initial cost) Insurance Cost Factor

(years) (percent of initial cost)

Manure facilities 15 6.7 3.5 0.5 1.0 12
Scraper 5 20.0 3.5 1.5 1.0 26
Front end loader 5 20.0 3.5 1.5 1.0 26
Manure bucket 5 20.0 3.5 1.5 1.0 26
Spreaders:

Rear-unload for all waste 4 25.0 3.5 3.0 1.0 33
Rear-unload for shelter

waste only 6 16.7 3.5 2.0 1.0 23
Liquid manure 4 25.0 3.5 3.0 1.0 33

Pumps:
Agitator 4 25.0 3.5 6.0 1.0 36 -

Liquid manure 10 10.0 3.5 6.0 1.0 21
Centrifugal 15 6.7 3.5 6.0 1.0 17

Irrigation equipment:
Self-propelled gun 10 10.0 3.5 6.0 1.0 21
Hand moved sprinklers 8 12.5 3.5 6.0 1.0 23
PVC pipe, hydrants, fittings 40 2.5 3.5 6.0 1.0 13
Aluminum pipe, fittings 15 6.7 3.5 6.0 1.0 17
Gate valves 10 10.0 3.5 6.0 1.0 21

Walkway 20 5.0 3.5 6.0 1.0 16

Source of data: Myron Bennett, "Beef Cattle Waste Disposal Systems," University of Missouri, October, 1972 (mimeographed); Dale
Vanderholm, Bruce Berven, and Stewart Melvin, "Cost Data for Alternative Beef Waste Disposal Systems," Iowa State University
(mimeographed): Maurice Baker, "Economics of Beef Feedlot Waste Management," paper presented to American Society of Engineering
Education, Lubbock, Texas, June, 1972; Purdue University Animal Waste Committee, "Waste Handling and Disposal Guidelines for Indiana
Beef Producers," Indiana Agricultural Extension Service, ID-84, 1972; R.C. Wells and G.S. Parsons, "Manure Handling Systems for
Free-Stall Dairy Housing, Pn Economic Appraisal," N.C. Agricultuial Extension Service, Circular 480, 1967; 0.1. Berge, "Waste
Manjgement--What Does It Costs," Hoard's Dairyman, April 10, 1971; Manufacturers catalogs for 1973.

2 See Table 15.
The assumpticn is made that there will be some hay, straw, silage, etc., in the retention pond; therefore, the irrigation

equipment is designed to handle this material. If provisions can be made to screen all solids from the lagoon, the system cost can
be considerably reduced because smaller pumps, pipe and sprinklers can be used. If the roofed area is not guttered, the retention
pond must have a capacity of 3.76 ac in. to collect the storm water runoff from a 6 in. rainfall (10-yr, 24-hr storm). If 60% of
the average annual rainfall of 50 in. must be pumped each year from the retention pond, 19 ac in. must be land spread. It is
assumed that the anticipated 19 ac in. of storm runoff water can be spread on 2 A of land in 8 equal increments. The irrigation
system specifications are based on the assumption that 1.2 ac in. per A will be applied at each irrigation on a field of
approximately 420 ft x 210 ft with the closest corner 500 ft from the lagoon.

An alternative to the permanent sprinkler system is the hand movable gun type sprinkler system. However, its annual costs are
estimated to be $616 greater than the permanent system. The detailed costs associated with that system are as follows:



OwnershipCost 
Hourly AnnualInvestment Factor Hours Rate Cost

Ownership cost:
Pump (30 hp, liquid manure) $2,520 .21 $ 529Walkway to center of lagoon 70 .16 

11Sprinklers (2, gun type) 600 .23 
138Pipe (1040 ft - 4 in. PVC class160 w/fittings) 1,480 .13 
192Gate valves (2 - 4 in.) 120 .21 
25Labor (8 irrigations x 0.2 hr) 

2 2.50 49

Total $ 949

340r custom hire a bulldozer to clean shelter.For design purposes it is assumed that the field is 1500 ft x 1500 ft with the closest corner 700 ft from the lagoon.An alternative to the hand movable sprinkler system is the self-propelled system. Its annual costs are estimated to be $189greater. It requires a $3520 larger investment and reduces labor requirements 80%. The detailed costs of that system are:

Ownership
Cost Hourly Annual

Self-propelled Investment Factor Hours Rate Cost
Ownership cost:

Pump (30 hp, liquid manure) $2,520 .21 $ 529Walkway to center of lagoon 475 .16 
76Self-propelled gun traveler 4,600 .21 

966Pipe (2830 ft - 4 in. PVC)class 160 w/accessories 4,060 .13 
530Tractor (30 hp, 4 irrigations x4 hr per irrigation) 

16.0 1.85 30Labor (4 irrigations x 7.2 hrper irrigation) 
28.8 2.50 72Electricity (8100 kwh x 4C/kwh) 
2324

Total 
$ 2,527

5It is assumed that some hay, straw, and silage is carried into the retention pond; therefore, 'the irrigation system is designedaccordingly. The retention pond has a capacity of 14.8 ac in. to handle all runoff from the lot for a 10 yr, 24 hr storm (6 in. ofrainfall). If 60% of the average annual rainfall of 50 in. must be pumped each year from the retention pond, 74 ac in. must be landspread. It is assumed that the anticipated 74 ac in. of storm runoff water can be spread on 8 A of land in 8 equal increments. Fordesign purposes it is assumed that the field is 63C ft x 550 ft with the closest corner 500 ft from the lagoon.Permanent alternatives to the hand movable sprinkler systems include the big gun and small sprinkler systems. The investmentcosts are $4055 and annual costs $588 greater for the big gun system compared to the hand movable system. The investment costs are$1500 greater but the annual costs are $281 less for the permanent small sprinkler system compared to the hand movable system.
A



Ownership
Cost Hourly AnnualPermanent big gun system Investment Factor Hours Rate Cost

Ownership cost:
Pump (30 hp, liquid manure) $2,520 .21 $ 529Walkway 135 .16 22Sprinklers (9, gun type) 2,250 .23 518
Pipe (2480 ft - 4 in. PVC class

160, w/fittings) 3,480 .13 431
Gate valves (9 - 3 in.) 495 .21 104Labor (8 irrigations x 1.0 hr/irrigation) 8.0 2.50 20Electricity (5680 kwh x 4C/kwh) 272

Total $1,896

Ownership
Cost Hourly AnnualPermanent big gun system Investment Factor Hours Rate Cost

Ownership cost:
Pump (5 hp centrifugal) $ 550 .17 $ 94Sprinklers (99, 7.8 gpm capacity) 720 .23 166
Pipe (6720 ft - 1 in. - 2% in.

calss 160 w/fittings) 4,780 .13 615Gate valves (11 - 2; in.) 275 .21 58
Labor (8 irrigations x

2 hr/irrigation) 16 2.50 40Electricity (2139 kwh x 2.5C/kwh) 54

Total $1,027



COMPARISON OF SYSTEMS

Table 16 presents a summary of the estimated initial investment and annual costs of six alternative waste management
systems. The systems with cattle in dirt lots without shelter or on pasture are not included because the nutrients in
the manure are directly utilized by crops or grasses planted or growing in the lots. In addition the stocking rates are
such that pollution due to surface runoff is negligible.

TABLE 16. ESTIMATED INITIAL INVESTMEKT, ANNUAL COSTS AND LABOR REQUIREMENTS FOR SIX ALTERNATIVE WASTE MANAGEMENT
SYSTEMS FOR A 500 HEAD 1000-LB BEEF CATTLE OPERATION

Annual Annual TotalLn Initial Ownership Labor AnnualWaste Management System Investment Cost Requirement Cost

System I - Paved Lot wit Spreading $ 4,605 $1,031 1,110 hr $ 7,038
in Solid Form

System II - Paved Lot with Storage 2nd 8,055 1,473 955 6,632
Spreading in Solid Form

Sy.tem III - Paved Lot with Storage a2d 23,445 4,088 1,101 10,243
Sprea'ding in Liquid Form

Systei. IV - Paved Lot yith Lagoon and 16,745 2,858 843 7,155
Irrigation

System V - Sheltered Dirt Lot with3 2,200 663 765 4,845
SDreading in Solid Form3

System VI - Dirt Lot with Limited 8,120 1,765 469 4,677
Shelter with jpreading
in Solid form

1Does not include tractor ownership cost.55 sq ft per animal - 20 sq ft under shelter, 35 sq ft outside; 8J% of waste dropped outside, 20% inside; bedding
2 l/day; lot scraped daily; shelter cleaned twice per year.

4 Confinement - 50 sq ft per animal under shelter; bedding = 10 lb/day; cleaned twice per year.
215 sq ft per animal - 20 sq ft under shelter, 195 sq ft outside; 80% of waste dropped outside; bedding = 2 lb/day;

lot scraped 6 times per year; shelter cleaned twice.



Appendix I

Lagoon Design for 200 Beef Cattle

The tentative guidelines approved by the North Carolina
Board of Water and Air Resources set the minimum volume per cow
at 660 cu ft. For 200 cattle, 132,000 cu ft of storage must be
provided in the lagoon. If a depth of 10 ft is selected, the
average area (area at one-half the depth) would be 13,200 sq ft
(132,000 cu ft t 10 ft). To get the waste into the lagoon as
well as physically construct the structure, an average width of
50 ft will be selected. The average length will then be 264 ft
(13,200 sq ft t 50 ft). Therefore, a lagoon with 1:1 side and
end slopes will have the dimensions as shown in Figure 4.

For other depths and widths, the procedure for sizing would
be the same as outlined in this example.

40' 50'

264'

274'

PLAN

FREEBOARD

id' Figue 4. Pla axdSOet, yewofaLagoa.

101 SECTION

V-326



DAIRY WASTE MANAGEMENT ALTERNATIVES

by

George J. Kriz, et al.

V-3Z7



CONTENTS

INTRODUCTION

ALTERNATIVE WASTE MANAGEMENT SYSTEMS

System I: Direct Spreading in Solid Form
System II: Storage and Spreading in Solid Form
System III: Storage and Spreading in Liquid Form
System IV: Lagoon and Irrigation
System V: Flush, Storage and Irrigation
System VI: Flush, Lagoon and Irrigation
Other Alternatives

Drying
Re feeding
Composting

STORM RUNOFF CONTROL

PARLOR AND MILKHOUSE WASTE WATER

UTILIZATION AND LAND REQUIREMENTS

Amount and Composition of Dairy Manures
Effects of Dairy attle Manure on Soils and Crops
Factors Affecting Rates of Applications
How to Determine the Amount to Apply
Examples

Solid Form
Slurry Form
Lagoon Effluent - Non-flush System
Lagoon Effluent - Flush System

Soil Management

ODOR CONTROL

PEST CONTROL

ECONOMICS

Comparison of Systems

APPENDIX

Lagoon Design for 100 Cows

V-328



TABLES

Table 1 Daily Production of Solid Manure from Different Size
Herds of 1400-lb Cows

Table 2 Gallons of Storage Required for 1400-lb Cows by Days of
Storage and Herd Size

Table 3 Storage Tank Capacity per Foot of Length

Table 4 Amount of Water Required to Change One Cubic Foot of
Manure from an Initial to a Desired Moisture Percentage

Table 5 Average Amount and Composition of Manue Produced by a
1400-lb Dairy Cow

Table 6 Relative Leaching Rates and Phosphate-fixing Capacity
of Typical Soils

Table 7 Gallons per Acre of Liquid Manure or Lagoon Effluent
Required to Supply Various Rates of Total Nitrogen per
Acre

Table 8 Acre Inches per Acre of Liquid Manure or Lagoon Efflu-
ent Required to Supply Various Rates of Total Nitrogen
per Acre

Table 9 System I - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow

Table 10 System II - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow Free-stall System

Table 11 System III - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow Freestall System with a
30-day Storage Period

Table 12 System IV - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow Free-stall System

Table 13 System V - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow Free-stall System

Table 14 System VI - Estimated Initial Investment and Annual
Costs of Disposal for a 100 Cow Free-stall System

Table 15 Estimated Initial Investment, Annual Costs, and Labor
Requirements for Six Alternative Waste Management Sys-
tems for a 100 Cow Free-stall Dairy

V-329



FIGURES

Figure 1 Typical Cross-section of a Retention Pond

Figure 2 Effect of Cattle Manure on Wheat Yields on the Oldest
Agricultural Experiment Station at Rothamsted, England

Figure 3 Effect of Cattle Manure on Runoff, Erosion and Cotton
Yield at the Statesville Soil Erosion Experiment Sta-
tion

Figure 4 Plan and Section View of a Lagoon

Prepared by

B. L. Carlile, Soil Scientist
S. H. Dobson, Extension Agronomist
L. B. Driggers, Extension Biological and Agricultural Engineer
J. M. Falter, Extension Entomologist
*G. J. Kriz, Extension Biological and Agricultural Engineer
J. L. Lutz, Soil Scientist
M. R. Overcash, Biological and Agricultural Engineer
G. S. Parsons, Extension Dairy Husbandry Specialist
J. A. Phillips, Extension Soil Scientist
R. E. Sneed, Extension Biological and Agricultural Engineer
R. C. Wells, Extension Economist

*Coordinator

V-330



DAIRY WASTE MANAGEMENT ALTERNATIVES

Dairy production has become more complex, more specialized,
and more restricted by certain environmental limitations. This
bulletin is designed to help dairy producers meet these problems
in the most practical and economical way. The recommendations
given herein are based on the latest known research information
obtained by the Agricultural Experiment Station at North Carolina
State University and other similar institutions, and on field
experience and observation. Producers who follow the recommenda-
tions should be in compliance with the latest federal and state
regulations concerning animal waste disposal known at the time of
this writing.

A dairy production unit should be envisioned as a total sys-
tem. To achieve the systems concept planning must begin with the
idea to build or renovate and must be followed through until cows
are placed in the facilities. Because of the proximity of many
modern dairies to industrial or residential areas, appearance is
an important factor to be considered. The type of buildings,
their upkeep, and landscaping are all important.

To avoid or overcome some of the problems confronting dairy
producers, a prospective pr~ducer or one who plans to renovate
should consider the following suggestions:

Locate the operation in the center of a large tract of
land if possible.

If the operation is on a small farm be sure sufficient
land area is available for waste disposal.

Do not locate the operation in a heavily populated
area.

Do not locate the operation near drainage ditches,
streams, rivers and estuaries.

This bulletin is divided into seven parts: alternative
waste management systems, storm runoff control, parlor and milk-
house waste water, utilization and land requirements, odor con-
trol, pest control and economics. The first section describes
the various components of each system in each alternative. The
sections on storm runoff control and parlor and milkhouse waste
water give the requirements for preventing the runoff from lots
and the waste water from reaching surface waters. The section on
utilization and land requirements presents guidelines and exam-
ples of how much waste can be applied per acre. The sections on
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odor and pest control provide suggestions and methods for reduc-
ing odor and pest problems. The section on economics gives cost
data and contains a partial budget sheet so that comparisons be-
tween the alternative waste management systems can easily be
made. Appendix I gives the design details for a lagoon.

Approximately 90% of all dairy cattle in North Carolina are
Holsteins with an approximate average weight of about 1400 pounds
per cow. Therefore, all calculations in this bulletin are based
on 1400-lb. cows.

Alternative Waste Management Systems

Disposal of dairy manure represents one of the most diffi-
cult materials handling jobs. The daily manure production, feces
and urine, per 1,000 pounds (ib) of body weight is approximately
75 lb, of which about 70% or 53 lb is solids, and 30% or 22 lb is
liquid. On this basis, the daily manure production of a mature
Holstein cow weighing 1400 lb is about 105 lb or 1.6 cubic feet
(cu ft). Studies show that approximately 2 cu ft per cow per day
are handled when manure is stored in a tank in the liquid form
from a non water-flush cleaning system. When manure is flushed
from a paved lot, considerably more volume must be handled.

To date, most waste management systems ultimately return the
manure to the land. Depending on the system selected, there may
be a storage or detention period between cleaning the paved areas
and land disposal. Care must always be taken to prevent any
waste or waste water from reaching the surface waters of the
state and violating the water quality standards assigned to those
waters.

System I: Direct Spreading in Solid Form

ScraperRamp Spreader Land
Front End Loader

Handling manure in a solid form is not appealing to many
dairymen primarily because of frequency of disposal even though
there are other considerations such as weather, land availabil-
ity, odor and proximity of neighbors. Tractor mounted scrapers
deposit manure into piles where it is picked up with a tractor
mounted loader and deposited in a spreader or onto a ramp where
it is pushed off into a spreader.

Table 1 shows the quantity of manure produced daily by dif-
ferent size herds and the number of spreader loads required to
remove it daily.

Field spreaders are available as tractor drawn or truck
mounted units. Flail type tank spreaders will hold either
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liquids or solids and have either a side or rear discharge. A
spreader with beaters should have a rear gate, preferably hydrau-
lically operated, that can be opened and closed from the tractor
seat. Select a spreader that will not leak the contents along
the road and that will spread the material in small pieces on the
land surface so as to minimize fly breeding.

Table 1. Daily Production of Solid Manure from
Different Size Herds of 1400-lb Cows

Number Daily Production
of Cow. T 108 bu Spreader 180 bu Spreader

10 0.5 0.2 0.1
25 1.3 0.4 0.3
50 2.6 0.9 0.5
75 3.9 1.3 0.8100 5.0 1.8 1.0

125 6.5 2.2 1.3
150 7.9 2.6 1.6

System II: Storage and Spreading in Solid Form

Ramp
Scraper--Storage Spreader--Land

Front End Loader

This system usually has short term storage between the time
of collection and land spreading. An area with a capacity of 1.2
cu ft per cow per day located adjacent to the ramp or pick-up
area is required for temporary storage. During fly season manure
piles must be removed and spread at least every 4 days in order
to break the life cycle of the fly.

If long term storage is required, the manure must be stored
in a tight-screened and trapped manure shed. Consult your Local
sanitatian before making such an installation.

System III: Storage and Spreading in Liquid Form

Scraper ------ Storage Tank 2 - j Spreader Land
Irrigation --

Some producers have felt that a liquid system is best, but
interest has drastically declined in the installation of liquid
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systems requiring a concrete storage tank. Land spreading of
liquid waste is not as simple as many pictured. Two major dis-
advantages are the cost of the system and odors associated with
agitating and field spreading partially decomposed manure. In
addition, a greater volume of manure is handled in a liquid sys-
tem than a solid system.

Manure handled by this system is scraped from the paved
areas directly into the storage tank. The size of the tank is
dependent upon the number of cows in the herd and the frequency
of spreading as shown in Table 2.

Table 3 gives the storage capacity per foot of length for
tanks with different widths and depths. This table along with
Table 2 will enable the producer to determine .he tank size re-
quired to store liquid manure.

Water must be added to the storage tank to bring the waste
to a pumpable consistency. Table 4 shows the approximate range
of moisture content of the manure. An approximate range of mois-
ture in manures without bedding is as follows:

75-82% moisutre-stiff
80-85% moisture-fluid or semi-liquid--quite thick slurry
83-90% moisture-liquid--fairly thin liquid at 90%
93-97% moisture-irrigation consistency

It is evident from Table 4 that the amount of water added to
produce a pumpable slurry might be more than the original quanti-
ty of manure. For example, the addition of 11.25 gallons (gal)
of water to 1 cu. ft. of fresh manure at 75% moisture raises the
moisture content to 90% and changes the volume from 1 cu ft to
2.5 cu ft.

A storage tank requires an agitator or pumpagitator which
serves the dual role of agitating and filling the spreader tank.
Once distinct disadvantage with liquid manure storage is odor
while agitating and field spreading. The liquid slurry should
not be spread on a hot humit (muggy) day because odors may create
a nuisance.

Where odor is a problem, the producer might elect to equip
his spreader with a soil injector. This equipment places the
liquid slurry 4 to 6 inches (in.) below the ground surface and
covers it imemdiately, drastically reducing odor. Be careful to
select a field that is relatively free of large stones, stumps
and roots when using the injection method.

System IV: Lagoon and Irrigation

Irrigation
Scraper-- Anaerobic Lagoon Land

Spreader
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TABLE 2. GALLONS OF STORAGE REQUIRED FOR 1400-LB COWS BY DAYS OF STORAGE AND HERD SIZE

Number Days of Storage
of Cows 10 30 45 60 75 96

Gallons
10 1,500 4,500 6,750 9,000 11,250 13,500
25 3,750 11,250 16,850 22,500 28,100 33,750
50 7,500 22,500 33,750 45,000 56,250 67,500
75 11,250 33,800 50,700 67,500 84,500 101,300

100 15,000 45,000 67,500 90,000 112,500 135,000
125 18,750 56,250 84,450 112,500 140,750 169,000
150 22,500 67,500 101,000 135,000 169,000 207,000

TABLE 3. STORAGE TANK CAPACITY PER FOOT OF LENGTH

Tank DepthTank Width Ft
Ft 6 8 10

Gal/Ft of Length
12 540 720 900
14 630 840 1050
16 720 960 1200
18 810 1080 1350
20 900 1200 1500
22 99 1320 1650
24 1080 1440 1800



Anaerobic lagoons are being looked upon with favor by some
producers. To meet the design criteria approved by the North
Carolina Board of Water and Air Resources, a volume of 660 cu ft
must be provided in the lagoon for each cow.

Lagoons are storage ponds in which the water level must be
controlled. There has been very little experience with lagoons
for dairy waste in North Carolina. Research with swine waste
lagoons in North Carolina indicates explicitly that the effluent
cannot be discharged into a watercourse. Research in Florida on
dairy waste lagoons produces the same evidence. Therefore, any
overflow or discharge must be returned to the land.

The most practical way to control the water level in the
lagoon is to irrigate the effluent. Caution must be exercised to
prevent surface runoff. The system should be designed for mini-
mum pipe and sprinkler movement because this is a "nasty" job.
Before moving, flush out the irrigation system with clean water.
The lagoon effluent should not be spread on a hot humid (muggy)
day because odors resulting from the spreading operation may cre-
ate a nuisance.

A tank wagon equipped with a vacuum pump might be used with
small lagoons, but its volume will limit its use.

Evidence indicates that a lagoon serves as a nitrogen trap
by accumulating nitrogen in the sludge build-up on the bottom.
This build-up of solids indicates that the sludge must be removed
at some future date. However, definite recommended cleaning
intervals are not established at this time. Because the decompo-
sition process that takes place in a lagoon reduces the quantity
of nutrients, particularly nitrogen, in the effluent, less land
area is needed for land spreading.

System V: Flush, Storage and Irrigation

Irrigation
Flush --> Storage Tank Land

-- Spreader -

The water flush system of cleaning the paved lot has gener-
ated tremendous interest among producers, but it has some serious
disadvantages. The real problem is disposing of all the dirty
water as it leaves the paved lot. If a storage tank is used with
this system, only short term storage is feasible because of the
large volume of waste and water that must be handled. The waste
load is upwards from 100 gal per cow per day. This is a minimum
of 7 times the daily load of a conventional liquid manure system
as outlined under System III.

System VI: Flush, Lagoon and Irrigation

Irrigation
Flush --- Anaerobic Lagoon Spreader > Land
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Dairies that use large quantities of water for cleaning the
paved lot, washing udders and cleaning the facilities and equip-
ment require large liquid storage areas. Storage areas that have
to be emptied very infrequently are preferred and thus producers
who use the flush technique are centering on lagoons for manure
storage. The lagoon capacity must be designed on the basis of
the total amount of water to be stored and not on the design cri-
teria of 660 cu ft per cow that is approved by the North Carolina
Board of Water and Air Resources. The latter does not provide
sufficient lagoon capacity.

Provisions must be made to control the water level in the
lagoon, Because of the volume, land spreading with irrigation
equipment will generally be more feasible than with a tank
spreader.

Other Alternatives

Drying. Drying is a method receiving consideration. Michi-gan State University has pioneered in this work, and their re-
search indicates a total drying cost of over $11 per T of wet
manure. At this time, drying must be investigated on an individ-
ual enterprise basis.

Refeeding. Refeeding by formulation of diets to include
animal waste as an ingredient is being studied. Before being
incorporated into feed, it is generally agreed that some type of
processing is needed. Drying has been closely allied with re-
feeding. Before refeeding can be practiced, it must be proven
that no detrimental effects will result from toxic hazards caused
by feed additives, pesticides or pathogenic microorganisms, and
also the practice will require approval by the Food and Drug
Administration.

Composting. Composting has received limited study, but on a
large scale does not appear to be practical at this time. To
achieve rapid composting, aeration is essential.

STORM RUNOFF CONTROL

A retention pond should suffice to collect storm runoff from
paved areas, dirt lots and drainage areas outside the paved areas
that channel runoff through the lots for systems that handle
manure in a solid form or use a storage tank. Because the runoff
can be diverted to a lagoon it is not necessary to construct a
retention pond where a lagoon is used. As of this writing, most
pollution control enforcement agencies are proposing storm runoff
water retention facilities for a 10-year, 24-hour storm. This
means that a dairy must have an adequate liquid waste retention
facility to reatin all runoff from areas where manure collects or
is deposited for the worst storm likely to occur within a 24-hour
period once in 10 years. In North Carolina this storm produces
an average of 6 in. of rainfall. If the amount of rainfall from
a 10-year, 24-hour storm is known for your local area, this value
should be used to determine the volume of the retention pond.
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To store 6 in. of rainfall, 3750 gal or 500 cu ft of storagefor each 1000 sq ft of area that drains to the retention pond isrequired. The area includes all paved and dirt lots, roofedareas and areas outisde by adjacent to the dairy operation thatchannel runoff water through any area where the manure collects
or is deposited.

Figure 1 gives a typical cross-section of a retention pond.The depth of the pond is dependent on site conditions. A goodstarting depth is about 4 ft. The side slopes should be no lessthan 1 (rise) to 2 (run). The bottom should slope approximately1 to 100 toward one end with the last 5 ft having a slope of 1 to10 in both directions toward the strainer location. This allowsthe pond to be pumped dry. The strainer should be located about1 ft above the bottom to prevent clogging and preferably should
be fixed.

IRRIGATION PUMP

FLEXIBLE, HOSE

STRAINER LOCATION (preferably fixed) =4'
1% 2

1 1 100

10

Figure 1. Typical Cross-section of a Retention Pond

The retention pond must be kept dry except for the intervalbetween the time that rain is falling and the land is too wet forirrigating the effluent. Normally an irrigation system should beused to spread the effluent. A tank wagon equipped with a vacuumpump might be used with small retention ponds, but its volume
will limit its use.
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TABLE 4. AMOUNT OF WATER REQUIRED TO CHANGE ONE CUBIC FOOT OF MANURE FROM AN INITIAL TO A DESIRED MOISTURE PERCENTAGE

Amount of Water to Final Volume PerInitial Percent be Added to Each Each Original
Moisture Cu Ft to Give the Cu Ft

Volume Desired Desired Percent Moisture
Percent

Cu Ft Gal Moisture Cu Ft Gal Cu Ft Gal

1.0 7.5 85 90 0.50 3.75 1.50 11.25

95 2.00 15.00 3.00 22.50

LD 1.0 7.5 80 85 0.33 2.50 1.33 10.00

90 1.00 7.50 2.00 15.00
95 3.00 22.50 4.00 30.00

1.0 7.5 75 80 0.25 1.88 1.25 9.38

85 0.67 5.00 1.67 12.50
90 1.50 11.25 2.50 18.75
95 4.00 30.00 5.00 37.50

1.0 7.5 70 75 0.20 1.50 1.20 4.00

80 0.50 3.75 1.50 11.25
85 1.00 7.50 2.00 15.00
90 2.00 15.00 3.00 22.50
95 5.00 37.50 6.00 45.00



PARLOR AND MILKHOUSE WASTE WATER

Wash water from the parlor and milkhouse must be collected
to prevent it from reaching the surface waters of the state and
violating the water quality standards assigned to those waters.

When the manure is handled in a solid form, provisions must
be made to collect the waste water separately in a storage tank,
retention pond, or septic tank.

When the manure is scraped into a storage tank, it is better
to collect the waste water separately in a retention pond or sep-
tic tank than to divert it into the manure storage tank. If the
waste water is diverted to the manure storage tank, the capacity
of the storage tank needs to be increased by 20% for the given
clean-out interval shown in Table 2.

With a lagoon system, all waste waters from the parlor and
milkhouse can be piped into a lagoon.

UTILIZATION AND LAND REQUIREMENTS

Utilization of dairy manure by direct land application is
generally recommended. However, because large quantities of man-
ure are generated in concentrated operations, many of which have
limited land areas, the manure is often treated as an unwanted
commodity to be disposed of by any means that are publicly accep-
table or economically feasible. Whenever possible the manure
should be treated as a resource and be used as a valuable source
of plant nutrients.

Animal manures were one of the earliest sources of plant
nutrients. They constituted a major portion of the soil fertil-
ity experiments on the first agricultural experiment station, the
Rothamsted Station, in England, which was started more than 140
years ago. Likewise, they were used extensively inall of the
early soil fertility experiments in the United States. In almost
all of those early experiments cattle manures proved equal to or
better than commercial fertilizers which at that time were of low
quality compared to modern commercial fertilizers. This is well
illustrated by some of the Rothamsted data which are presented
here for both their historical and technical value (Figure 2).

During the past 40 to 50 years dairy manures have been
largely replaced by commercial fertilizers as sources of plant
nutrients. This may be attributed to: 1) improved physical and
chemical quality of commercial fertilizers; 2) improved methods
of handling and applying commercial fertilizers; 3) the smaller
tonnage of commercial fertilizers required to give the same
amount of plant nutrients; and 4) the lower cost per pound of
plant nutrients in commercial fertilizers. Dairy manure can be
used as a source of nutrients for most crops grown in North Caro-
lina except tobacco and certain other crops where nitrogen con-
trol is essential.
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NO TREATMENT

LB.- FERT/ACRE/ YR: 124 N.-66,P2 05 -102 K2  0-

TONS MANURE/ACRE/YR 1 15.7
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igure 2. Effect of cattle manure on wheat yields on the oldest agricultural experiment station, at Rothamsted, England.
,he 10-year periods and the 53-year average (1852-1906) show that yields on the manured plots were about the same as those
n the fertilized plots.
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The principal plant nutrients supplied by both dairy manures
and commercial fertilizers are nitrogen (N), phosphorus (P) and
potassium- (K) -- -- These- nutrients-, are-expressed as-percents- nitro-
gen (N), phosphate (PO') and potash (KO) In addition to N, P
and K, dairy manure Ually contains in appreciable amount of
calcium, magnesium and sulfur; and traces of manganese, boron,
copper and zinc, all of which are essential for plant growth.

Amount and Composition of Dairy Manures

The daily production and the composition of dairy cattle
manure varies with the size and breed of animal, and the kind and
amount of feed consumed. Table 5 presents representative values
for the amount and composition of dairy manure.

These figures are approximate averages and should be used
only as such. The actual composition of any particular batch of
manure will be determined by the amount of moisture, the amount
of bedding material present, the rations fed, and the way the
manure has been handled or 'stored. Many modern dairies wash the
manure from the barns into storage tanks or lagoons and then pump
the slurry from those storage facilities onto the fields. The
amount of water used will affect the composition of the slurry.
Because in most instances it would not be practical to have each
batch of manure analyzed, the figures in Table 5 may be used to
get approximate values of the amount of manure in the slurry and
the amount of nitrogen, phosphate and potash contained in it.

The relative value of cattle manure as compared to commer-
cial fertilizers will be determined by the composition of the
manure and by the cost of handling it. This will vary from farm
to farm and should be estimated in each individual situation. An
important item that should not be overlooked in estimating the
value of manure is the fact that it must be disposed of but the
cost of disposition is partially offset by its fertilizer value.

Effects of Dairy Cattle Manure on Soils and Crops

Dairy cattle manure has several beneficial effects on the
chemical physical and bilogical properties of soils.

Chemical Effects. The principal chemical effect of manure
is the supplying of the major plant nutrients: nitrogen, phos-
phate, and potash. It also contains a number of other chemical
elements necessary for plant growth. The effect of cattle manure
on crop yields is shown in Figures 2 and 3. Figure 2 shows that
manure was as effective as commercial fertilizers in producing
wheat on the Rothamsted Experiment Station. Figure 3 shows that
manure produced almost 1900 pounds of seed cotton per acre per
year on the Soil Erosion Experiment Station near Statesville,
North Carolina. The check plot at the Statesville Station was
not fertilized, and, therefore, the yeild on it is not comparable
to that of the manured plot. In contrast to commercial fertili-
zers, dairy cattle manure supplies organic matter to soils, and
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Figure 3. Effect of cattle manure on runoff, erosion and
cotton yield at the Statesville Soil Erosion Experiment
Station. (The yields are not comparable because thecheck plots were not fertilized. The good yield on the
manured plot is important.)
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this is usually considered beneficial in increasing the nutrient-
holding capacity of soils.

Physical Effects. If manure is applied to the surface of
the soil, it will help to prevent soil crusting. If mixed with
the soil, it will decompose more rapidly and the products of de-
composition will improve soil structure and the general physical
condition of the soil. Thus, whether applied to the surface or
mixed with the soil it will be important in conserving water and
soil by reducing runoff and erosion. This is well illustrated by
the data in Figure 3. Dairy cattle manure frequently is credited
with increasing the available water-holding capacity of soils.
This is generally not true. If the manured soil contains more
water, it very probably is because more soaked in during rainfall
or irrigation.

Biological Effects. Manure is a source of food, and hence
energy, for soil microorganisms that decompose it. These soil
microorganisms have many very important direct and indirect
effects on many physical, chemical, and biological properties of
the soil.

Factors Affecting Rates of Application

Severa± factors affect the amount of manure that might be
applied to any given land area. They are: (1) the use to be
made of the laad -- whether it is to be used for crop production
or for manure disposal only; (2) if used for crop production, the
kind of crop to be grown; (3) the characteristics of the soil in-
cluding texture, depth and fertility status; (4) topography as it
affects runoff and erosion; (5) the season of the year in which
the manure is to be applied; and (6) possibility of environmental
pollution, particularly the contamination of surface and ground
water by excessive leaching or runoff. In this connection care
must always be taken to prevent any waste or waste water from
reaching the surface waters of the state and violating the water
quality standards assigned to those waters.

From the standpoint of crop production the amount of manure
to be applied to any particular crop is determined by the nitro-
gen content of the manure and the nitrogen requirements of the
crop. This will be explained more fully in the following pages.

Crop production is not the only factor to be considered in
determining the amount of manure that might be applied to any
particular soil. Another very important factor is the possible
effect of the manure on environmental pollution, particularly
contamination of surface or ground water. The two elements con-
tained in manure which are most likely to cause problems in water
and nitrogen, particularly in the nitrate form, and phosphorus.
Excessively large amounts of nitrates can be toxic to animals and
considerable accumulation of nitrates and phosphate in surface
water causes eutrophication (excessive growth of algae and other
(water-loving plants). When manure decomposes in the soil the
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nitrogen will ultimately be converted to the nitrate form which
is very easily leached. If it leaches downward in the soil to a
poorly drained layer, in which there is sufficient organic matter
for microorganisms to live on, the nitrate will be converted to
the ammonium form which is less easily leached and less toxic to
animals, and is likely to be volatilized.

Table 6 gives the relative potential nitrate leaching rates
together with some of the soil properties affecting leaching. As
a general rule, it would be undesirable to apply heavy applica-
tions of manure to soils with a high nitrate-leaching potential.
On such soils it would be desirable to use smaller applications
distributed throughout the year, making sure that the total
application within a year is not excessive.

On fine textured soils infiltration is retarded and surface
runoff may contribute to stream pollution. However, as shown in
Figure 3 manure is very important in reducing surface runoff.

Table 6 also shows the relative phosphate-fixing capacity of
representative soils in North Carolina. Many soils have the
capacity to "fix" phosphorus, that is, render it relatively in-
soluble and on those soils phosphate leaching is usually not a
problem. It is a problem, however, on sand and care should be
taken not to add large amounts of phosphorus to soils with low
phosphate-fixing capacity. As a general rule, the red to reddish
-yellow soils with considerable clay in the subsoil have the
higher phosphate-fixing capacity. The relative values for some
typical soils in the state are given in Table 6.

The leaching of nitrates, phosphates and other plant nutri-
ents is affected by a number of factors such as soil temperature
(which affects the rate of decomposition of manure), the kind of
crop being grown and, hence, the rate of utilization of the
nutrients by the crop, and the soil moisture conditions. Under
normal climatic conditions in North Carolina the soils are usu-
ally wet during the winter and relatively dry during the summer.
"Normal" summer rains penetrate the soil to relatively shallow
depths (6 to 10 to 15 inches, depending upon the texture) and
under high summertime temperatures the moisture is rapidly lost
by evaporation. Under such conditions leaching of nitrates to
the water table is improbable, except on extremely coarse-tex-
tured soils.

Because only about half of the nitrogen contained in the
manure will become available during the first growing season, it
might be possible to apply about twice the recommended amount of
nitrogen to grain and forage crops without danger of nitrate tox-
icity or groundwater contamination. However, in succeeding years
this carry-over should be taken into account and rates adjusted
accordingly. Though data are not available, it is generally be-
lieved that more than 50 percent of the N in a slurry will become
available the first year. The ratio of N-P 0 -K 20 in dairy
cattle manure is about 4-1-4 (Table 5). Therefoie, application
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TABLE 6. RELATIVE LEACHING RATES AND PHOSPHATE-FIXING CAPACITY OF TYPICAL SOILS
Texture of Relative Relative

Potential Phosphate- Typ.cal Soil SeriesTopsoil Subsoil Critical Soil Property Affect- Nitrate Fixing
(6-10 in.) (6-10 to 20 in.) ing Movement of N and P Leaching Capacity

Low water table, very high Very Very low Lakeland, Wagrampermeability highSand Sand

High water table Low Very low Bibb, Pelham, Plummer

Loose to hard, moderately Medium Low Altavista, Durham, Granville,permeable subsoil to high Norfolk

Slowly permeable, somewhat Medium Medium Appling, CecilSandy loam, Sandy clay loam, plastic subsoil to low
or Clay loam,

Very fine or Very slowly permeable, Very low Medium Creedmoor, Enon, Helena,sandy loam Clay plastic sticky subsoil to low
Iredell, Whitestone, Wilkes

High water table Low Medium Lumbee, Rains, Roanoke,
to low Wehadkee, Worsham

Moderately permeable, Medium Medium Alamance, Chandler, Chester,
plastic subsoil to low to high Congaree, Fannin, Georgeville,

Herndon, Hiwasse, Lloyd.
Mecklenburg, Orangeburg,Silt loam, clay 
Porters, Ruston

Silt oam, loam,or Clay loam, Slowly permeable, plastic, Low Medium Bertie, Craven, Dunbar, Nason
Loam or sticky subsoil

Clay
Very slowly permeable, Very low Low Lignum, Tatum
plastic, sticky subsoil

High water table Low Medium Bayboro, Kinkora, Portsmouth,
Roanoke

Slowly permeable, compact Medium High to Caroline (eroded), Cecil (erod-subsoil to low very high ed), Davidson, Georgeville
(eroded), Hayesville (eroded),Silty clay Silty clay, Marlboro (eroded)

loam or
or Clay Moderately to slowly per- Low High to Appling (eroded)Clay loam meable, granular subsoil very high

High water table Very low Medium Any low, poorly-drained areas
with topsoil removed by burn-
ing or stripping

Clay-Eroded or denuded Slow to very slowly perme- Low to High to Any area with clay exposed byareas, void of topsoil and, able, compact or granular very low very high erosion, stripping or burning
thus, with subsoil exposed subsoil

High water table Very low Medium Same as above, but wit high



of sufficient manure to get the desired amount of nitrogen usu-
ally will aid sufficient phosphorus and potash. If twice the
recommended amount of nitrogen is added (based on 50% availabil-
ity) it is possible that excessive potash might be added. Some
believe that excessive potash in forages may cause tetany in ani-
mals. If the manure does not supply sufficient phosphorus,
superphosphate may be used to supplement that in the manure.

Phosphorus is mainly in the organic form in dairy cattle
manure. Phosphorus availability is directly related to the reate
of manure decomposition and is much slower than that of nitrogen.
Potassium in dairy cattle manure is an inorganic salt that is
easily leached andis readily available for plant use. Most of
the other plant nutrients, including the micronutrients, will be
released as the manure decomposes.

Losses of nutrients from manure may be by leacing of soluble
salts or volatilization. However, these losses can be held to a
minimuln if the material is applied to the land and incorporated
into the soil. Dairy cattle manure that is high in nitrogen
should be applied to the land at least 2 to 4 weeks prior to
planting to prevent ammonia from burning he plants and to reduce
possible salt injury. Where available land is required for feed
production, management practices must be developed to permit land
spreading at suitable times.

How To Determine the Amount to Apply

The nutrient composition of the manure is very dependent on
the type of waste management system. Producers, especially those
using liquid storage tanks and lagoons, should have the slurry or
lagoon liquor analyzed. There are several commrcial laboratores
in North Carolina that have expressed an interest in analyzing
waste samples. For further information, contact your county ex-
tension agent or one of the regional offices of the Office of
Water and Air Resources of the Department of Natural and Economic
Resources located in Greenville, Raleigh, Concord and Asheville.

Estimates of the existing soil nutrient supply can be ob-
tained by soil tests made by the Soil Testing Division of the
North Carolina Department of Agriculture. Rates of application
should be based on the recommended amount of nitrogen needed to
supplement the existing soil nitrogen supply for the particular
crop to be grown. Contact your county extension agent for fur-
ther information on determining the rate of application.

Illustrative examples are shown for handling the waste in
solid and slurry forms, and as lagoon effluent. Each example is
for a specific set of conditions that may or may not be appli-
cable to your area. Each example is based on the approach that
the dairy manure is to be a source of fertilizer with the long
range objective of optimum crop production.
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If the approach is taken whereby the land is to be used forwaste disposal without consideration of any crop, higher applica-
tion rates than given in the examples below could be used. How-
ever, the risk of groundwater and surface water contamination isgreater, a very good understanding of the characteristics of thesoil is essential, and lastly a resource in the form of fertili-
zer is being wasted. If this latter approach is used, contact
your county extension agent or Soil Conservation Service district
conservationist.

Examples

In the examples given below, information on the followingwill be given based on handling the manure from a 100-cow herd of
1400-lb. cows:

--Rate of application.
--Total land area needed per year.
--Land area required for spreading at definite intervals.
--Number of trips required for spreading at definite inter-
vals (except for lagoon example).

--Size of retention pond when needed.

THE EXAMPLES DO NOT TAKE LOCATION, TOPOGRAPHY, SEASON OF
YEAR, WEATHER CONDITIONS, STAGE OF CROP GROWTH OR SOIL TYPE INTO
ACCOUNT. These factors will be discussed in a subsequent bulle-
tin. The numbers in the parentheses show how the calculations
are made.

Solid Form. Assume that the fertilizer recommendations for
corn on a particular soil are as follows:

N P 5 K 0 Lime
lb/A I /A 15/A T/A
180 140 160 2

All of the nitrogen (N) is to be supplied to the manure.

1. What is the rate in tons per acre needed to supply the rec-
ommended amount of nitrogen?

From Table 5 the average amount of N in fresh cattle manure
is 12 IbN/T. The rate in tons per acre is determined by
dividing IbN needed by the IbN/T of manure. The result is
15 T/A (180 lb/A t 12 lb/T).

2. What is the total land irea needed in order that the appli-
cation rate for nitrogen is not exceeded?

From Table 5, a 1400-lb dairy cow produces 105 lb/day of
manure. This is equivalent to 19.15 T/yr [(105 lb/day x 365
days/yr) t (2000 lb/T)] or 1915 T/yr from a 200-cow dairy
herd. Dividing the total amount of manure by the desired
application rate gives the total land area required. The
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result is 128 A (1915 T t 15 T/A). Because only 50% of the
total N is available the first year, twice the application
rate could be made the first year. Thus 64 A of corn could
be fertilized in a safe manner for the first y ar only.

3. How much area is required for daily spreading?

From Table 5, a 1400-lb dairy cow produces 105 lb/day of
manure. Thus a 100-cow herd will produce 10,500 lb/day or
approximately 5 T/day (10,500 lb/day t 2000 lb/T). From the
answer to Question 1, the maximum rate of application is 15
T/A. Dividing the daily production rate by the application
rate gives the area required. The result is 0.33 A/day t 15
T/A).

4. If the manure is spread daily, how many t:KOps are required
with a manure spreader?

There are several sizes and types of .uanure spreaders. Be-
cause the cost of an individual spreader is dependent on the
size and type, haul distance may be an important factor to
consider. From the answer to Question 3, the daily produc-
tion rate is 5 T/day. From Table 1, one trip with a 180 bu
capacity or two trips with a 108 bu capacity spreader are
required.

5. What size retention pond is reqired to retain the storm
runoff water from a 6-in. rainfall (24-hr 10-yr storm) and
the parlor and milkhouse waste water?

A 100-cow operation would have approximately 150 sq ft of
paved and roof areas per cow. Thus the area contributing to
the retention pond excluding any area outside the lots that
channels runoff water through the lots is 15,000 sq ft (150
zg ft/cow x 100 cows). The volume of runoff water to be
stored is 7,500 cu ft (15,000 sq ft x 6 in. t 12 in./ft).

The amount of milkhouse waste water and cleanup water is
negligible compared to the amount of storm runoff water.
The former amount is about 4 gal/cow/day. For a 100-cow
herd the amount is 400 gal/day or 53.5 cu ft/day.

If a 4-ft depth of rentention pond can be used, a 32-ft
wide, 60-ft long pond with vertical walls would be required
(32 ft x 60 ft x 4 ft = 7680 cu ft). Because the sides must
have a minimum slope of 1 (rise) to 2 (run), a retention
pond with a 24-ft wide by 52-ft long bottom has sufficient
size. The top dimensions for the 4-ft deep pond are 40 ft
by 68 ft. See Figure 1 for a typical cross-section of a re-
tention pond.
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Slurry Form. The manure is scraped into a storage tank andhendled in a slurry form. A 30-day cleanout interval is used.
The same fertilizer recommendations is assumed in the Solid Form
Example will be used.

1. What size closed storage tank is required?

The size of storage tank will depend on the cleanout inter-
val. From Table 2 the storage capacity needed for a 30-day
cleanout interval is 45,000 gal. Table 3 gives several
combinations of tank sizes. If a 20-ft width and 10-ft
depth is selected, the storage capacity per foot of length
would be 1500 gal/ft. Thus a tank length of 30 ft (45,000
gal t 1500 gal/ft) is required. Thus, the tank size is 30
ft by 20 ft by 10 ft.

If the milking parlor and clean-up waste water is diverted
to the manure storage tank, the tank capacity must be in-
creased 20% for the same cleanout interval.

2. What is the rate in tons per acre needed to apply the recom-
mended amount of nitrogen?

Calculations are performed exactly as given in the answer to
Question 1 of the Solid Form Example. The result is 15 T/A.

3. What is the total land area needed in order that the appli-
cation rate for nitrogen is not exceeded?

Calculations are performed exactly as given in the answer to
Question 2 of the Solid Form Example. The result is 128 A.

4. How much land area is required for spreading on a 30-day in-
teival?

A 30-day spreading interval means that the waste will be
spread 12 times per year. Thus 10.7 A (128 A t 12) is re-
quired.

5. How many trips are required with a liquid manure spreader?

There are several sizes of liquid manure spreaders. Because
the cost of an individual spreader is dependent on the size,
haul distance may be an important factor to consider. From
the answer to Question 1, approximately 45,000 gal will need
to be spread every 30 days. If an 800 gal capacity spreader
is used, 57 trips (45,000 gal t 800 gal/trip) would be re-
quired.

6. What size retention pond is required to reatin the milkhouse
waste water and the storm runoff from a 6-in. rainfall
(24-hr 10 yr storm)?
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Calculations are performed exactly as given in the answer to
Question 5 of the Solid Form Example. The result is a re-
tention pond with a storage capacity of 7,500 cu ft.

Lagoon Effluent--Non-flush System. The manure is scraped
into one anaerobic lagoon. The same fertilizer recommendations
as assumed in the Solid Form Example will be used. The terms
lagoon liquor and lagoon effluent are used below. Lagoon liquor
is the liquid and waste mixture in the lagoon. Lagoon effluent
is the lagoon liquor that is discharged or taken from the lagoon.

1. What lagoon volume and surface area are required when the
storm runoff water is not diverted into the lagoon?

Design criteria approved by the North Carolina Board of Wa-
ter and Air Resources require 660 cu ft per cov. Storm run-
off water was not considered in the design criteria. There-
fore, the lagoon volume required is 66,000 cu ft (100 cows x
660 cu ft/cow). The exact surface area of a lagoon depends
on the depth and side slopes which in turn are dependent on
the site conditions. A first approximation of the surface
area can be obtained by dividing the volume by the depth.
This approximate surface area provides sufficient accuracy
to make the necessary calculations in the remainder of the
answers to the questions in this example. If a 6-ft depth
is selected, the approximate surface area would be 11,000 sq
ft (66,000 cu ft t 6 ft) or 0.25 A (11,000 sq ft t 43,560 sq
ft/A). See Appendix I for design details of a lagoon. See
Misc. Ext. Publication No. 89 entitled "Tentative Guidelines
for the Design, Installation and Operation of Animal Waste
Treatment Lagoons in North Carolina" for construction de-
tails.

2. What lagoon volume and size are required when the storm run-
off water is diverted into the lagoon?

If the lagoon is also used to collect storm runoff water
that falls on paved and roofed areas as well as any area
outside the lots that channels runoff water through the
lots, the lagoon must have the capacity to store the manure,
the milking parlor waste water and clean-up water, the storm
runoff water and the rainfall that falls directly on the la-
goon for the time interval between pumpings to lower the
water level in the lagoon in order to prevent discharge
through the overflow pipe. A 1400-lb cow produces 1.6 cu
ft/day. Thus, the yearly manure production from a 100-cow
herd is 58,500 cu ft/yr (1.6 cu ft x 100 cows x 365 days/
yr). The milking parlor waste water and clean-up water is
about 4 gal/cow/day. This amounts to 19,450 cu ft/yr (4
gal/cow/day x 100 cows x 365 days t 7.5 gal/cu ft).
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The average rainfall in North Carolina is about 50 in/ yr.
Nearly all of this amount will become storm runoff water if
it falls on the paved or dirt lots. A 100-cow operation
would have about 150 sq ft of paved and roof area per cow.
If this is the only area that contributes to the runoff, the
amount of runoff water would be 62,500 cu ft/yr (150 sq ft/
cow x 100 cows x 50 in./ yr t 12 in./ft).

NOTE! The local average amount of rainfall should be used
when making this calculation for your area.

Because the average rainfall per year in North Carolina ex-
ceeds the average evaporation by about 15 in. per unit sur-
face area, some lagoon capacity must be added for this 15
in. of rainfall that falls directly on the lagoon. Sugges-
ted amounts are 10% for a 6 ft deep and 5% for a 12 ft deep
lagoon of the summation of the yearly amount of manure pro-
duction, milking prlor waste water and cleanup water, and
storm runoff water. Amounts for other lagoon depths can be
obtained by interpolating between these two suggested
amounts. If the lagoon is chosen to be 6 ft deep the stor-
age volume needed for the rain in excess of evaporation that
falls directly on the lagoon is 14,045 cu ft.

NOTE! The local average amounts of rainfall and evaporation
should be used when making this calculation for your area.

If one-half of the lagoon capacity is removed 4 times per
year (which is equivalent to pumping the lagoon empty twice
per year), the required capacity would be 77,248 cu ft
[(58,500 cu ft + 19,450 cu gt + 62,500 cu ft + 14,045 cut
ft) t 2]. If the lagoon is to be 6 ft. deep, the approxi-
mate surface area would be 12,875 sq ft (77,248 cu ft t 6
ft) or 0.30 A (12,875 sq ft t 43,560 sq ft/A).

3. How much lagoon liquor needs to be removed each year from
the lagoon of Question 1 in order to prevent discharge
through the overflow pipe?

When the lagoon is nearly filled to capacity, some lagoon
liquor must be removed periodically during the year to pre-
vent discharge through the overflow pipe. This discharge
would be caused by manure being added, waste water and
clean-up being diverted to the lagoon, and rain falling
directly on the lagoon. From the answer to Question 2, the
yearly manure production is 58,500 cu ft and the amount of
waste water and clean-up water is 19,450 cu ft. Using the
approximate surface area of 11,000 sq ft and 15 in/yr of
rain in excess of evaporation, 13,750 cu ft/yr (11,000 sq ft
x 15 in./ft) of water is added due to the rain that falls
directly on the lagoon. Thus, the total amount of lagoon
liquor to be removed is 81,700 cu ft/yr (58,500 cu ft/yr +
19,450 cu ft/yr + 13,750 cu ft/yr) or 1.87 ac ft/yr (81,700
cu ft/yr t 43,560 sq ft/A) and spread on the land.
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4. How much lagoon liquor needs to be removed each year from
the lagoon of Question 2 to prevent discharge through the
overflow pipe?

As stated in the answer to Question 2, 77,248 cu .t needs to
be removed 2 times per year. This amounts to 3.54 ac ft
(77,248 cu ft x 2 t 43,560 sq ft/A).

Although the difference between the surface areas of lagoons
in the answer to Questions 1 and 2 is only 1,248 sq ft,
there is a difference of 1.67 ac ft (3.54 ac ft - 1.87 ac
ft) of lagoon liquor that must be pumped each year. Much of
this latter difference is due to storm water runoff. There-
fore, gutters should be installed on all roofed areas and
all drainage from areas outside the lot that normally would
channel runoff water through the lots should be diverted
away from the lots. It is recommended, however, that the
storm runoff water be diverted to the lagoon rather than
constructing both a lagoon and a retention pond.

5. What is the nitrogen concentration of the lagoon liquor in
the answer to Question 4?

Because the nitrogen concentration of the lagoon liquor will
vary according to the amount of water used, a nitrogen anal-
ysis of the lagoon liquor should be made by a commercial
laboratory. The results will generally be expressed in
milligrams N per liter (mgN/l. A rough estimate of the ni-
trogen concentration of the lagoon liquor can be obtained by
dividing the ibN in the liquor by the total amount of waste
and water that is added to the lagoon each year.

From Table 5, the mean amount of N in dairy manure from a
1400-lb cow is about 0.63 lb/day/cow or 23,000 lb/yr (0.63
lb/day/cow x 365 days/yr x 100 cows) from a 100-cow herd. A
conservative assumption is that the N concentration of the
lagoon liquor in an anaerobic lagoon that has been in opera-
tion for more than one year is generally not more than 50%
of the N of fresh waste input. Thus 11,500 IbN are esti-
mated to be in the lagoon liquor.

From the answer to Question 2, the total yearly amount of
manure, waste water, storm runoff water and rain in excess
of evaporation that flows into or falls onto the lagoon is
154,496 cu ft (58,500 cu ft + 19,450 cu ft + 62,500 cu ft +
14,045 cu ft) or 1,155,000 gal (154,496 cu ft x 7.48 gal/cu
ft). Therefore, the nitrogen concentration is 0.00996 ibN t
1,155,000 gal).

6. At what rate can the lagoon effluent be applied to the land?

Table 7 establishes the rate at which lagoon effluent can be
applied to the land to achieve a certain nitrogen applica-
tion rate. Entering Table 7 with an N concentration of
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TABLE 7. GALLONS PER ACRE OF LIQUID MANURE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN PER ACRE

N Concentration
of Slurry Gallons per Acre Required to Give the Following Pounds of N per Acre

or Effluent

MgN/l LbN/gal 100 200 300 400 500 600

50 0.0041 240,000 480,000 720,000 960,000 1,200,000 1,440,000
100 0.00083 120,000 240,000 360,000 480,000 600,000 720,000
200 0.00167 60,000 120,000 180,000 240,000 300,000 360,000
300 0.00250 40,000 80,000 120,000 160,000 200,000 240,000
400 0.00333 30,000 60,000 90,000 120,000 150,000 180,000
500 0.00416 24,000 48,000 72,000 96,000 120,000 144,000
600 0.00500 20,000 40,000 60,000 80,000 100,000 120,000
700 0.00583 17,150 34,300 51,500 68,600 85,700 103,000

1 800 0.00667 15,000 30,000 45,000 60,000 75,000 90,000W 900 0.00750 13,300 26,650 40,000 53,300 66,500 80,000
(L1 1000 0.00833 12,OCO 24,000 36,000 48,000 60,000 72,000

1100 0.00917 10,900 21,800 32,700 43,600 54,500 -65,400
1200 0.01000 10,000 20,000 30,000 40,000 50,000 60,000
1300 0.01083 9,230 18,460 27,690 36,920 45,150 55,380
1400 0.01168 8,560 17,120 25,680 54,240 42,800 41,360
1500 0.01250 8,000 16,000 24,000 32,000 40,000 48,000
1600 0.01333 7,500 15,000 22,500 30,000 37,500 45,000
1700 0.01417 7,060 14,120 21,180 28,240 35,300 42,360
1800 0.01500 6,660 13,320 19,980 26,640 33,300 39,960
1900 0.01583 6,330 12,660 18,990 25,320 31,650 37,980
2000 0.01667 6,000 12,000 18,000 24,000 30,0000 36,000
2100 0.01750 5,710 11,420 17,130 22,840 28,559 34,260
2200 0.01833 5,450 10,900 16,350 21,800 27,250 32,700
2300 0.01917 5,220 10,440 15,660 20,880 26,100 31,320
2400 0.02000 5,000- 10,000 15,000 20,000 25,000 30,000
2500 0.02083 4,800 9,600 14,400 19,200 24,000 28,800
2600 0.02165 4,615 9,230 13,845 18,720 23,075 27,690
2700 0.02250 4,450 8,900 13,350 17,800 22,250 26,700
2800 0.02333 4,280 8,560 12,840 17,120 21,400 25,680
2900 0.02415 4,140 8,280 12,420 16,560 20,700 24,840
3000 0.02500 4,000 8,000 12,000 16,000 20,000 24,000



0.01000 lbN/gal and an N requirement of 180 IbN/A, a value
of 18,000 gal/A is obtained by estimation. The exact value
can be obtained by interpolating as follows.

180 lbN--lO0lbN [20,000 gal/A--10,000 gal/A]

200 ibN -- ibN

+ 10,000 gal/A = 18,000 gal/A.

7. What is the total yearly acreage requirement?

As indicated in the answer to Question 4, 3.54 ac ft of
lagoon liquor need to be removed from the lagoon each year.
This is equivalent to 1,155,000 gal (3.54 ac ft x 12 in./ft
x 27,200 gal/ac in.). Dividing the amount of effluent to be
spread by the application rate gives the acreage required
for spreading. The result is 64.2 A (1,155,000 gal t 18,000
gal/A).

Because the lagoon will be pumped 4 times per year, 16.1
(64.2 A t 4) are required for each pumping.

Because irrigation is generally expressed in terms of acre
inches applied to a given area, Table 8 was developed to
provide information regarding the number of inches per acre
of effluent required to give the designated rates of total N
per acre for various concentrations in liquid manure or la-
goon effluent.

Table 8 could also have been used to determine the acreage
requirements for Question 7. Entering Table 8 with an N
concentration of 0.01000 lbN/gal and an N requirement of 180
lbN/A, a value of 0.67 ac in./A is obtained by interpola-
tion.

The total amount of lagoon liquor expressed in acre inches
per acre to be removed from the lagoon is 42.5 ac in (3.54
ac ft x 12 in./ft). Dividing the amount of effluent to be
spread by the application rate gives the acreage required
for spreading. The result is 63.5 A (42.5 ac in. t 0.67 ac
in./A) which is about the same as obtained previously.

One thing is obvious from this example. It is not feasible
to use a tank spreader to spread the effluent. A 1400 gal
spreader would require 825 trips (1,555,000 gal t 1400 gal/
trip).

8. Is it possible to reduce the land area required for spread-
ing the effluent?

The installation of a second lagoon in series with the
existing lagoon will reduce the N concentration of the eff-
luent from the existing lagoon by approximately 50%. Thus
the N concentration of the effluent to be spread is about
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600 mgN/l. Entering Table 7 with 600 mgN/l and 180 lbN/A, a
value of 36,000 gal/A is obtained by interpolation. The
acreage required would be 32.1 acres (1,155,000 gal t 36,000
gal/A).

If Table 8 were used, a value of 1.23 ac in./A is obtained
by interpolation. The required acreage would be 34.5 A
(42.5 ac in. t 1.23 ac in./A) which is about the same as
obtained above.

Lagoon Effluent--Flush System. A flush system is used to
move the manure into one anaerobic lagoon. The storm runoff wa-
ter will be diverted into the lagoon. The same fertilizer recom-
mendations as assumed in the Solid Form Example will be used.

1. What lagoon volume and surface area are required?

The lagoon must have the capacity to hold the flush water,
the manure, the milking parlor waste water and clean-up wa-
ter, the storm runoff water, and the rainfall that falls
directly on the lagoon.

A flush system has a minimum water requirement of 100 gal/
cow/day. Therefore, a (100 gal/cow/day x 100 cows x 365
days/yr) or 486,000 cu ft/yr (3,650,000 gal/yr t 7.5 gal/cu
ft) to flush the lots. From calculations in the answer to
Question 2 of the Lagoon Effluent - Non-flush System the
yearly amount of manure production is 58,500 cu ft/yr, milk-
ing parlor waste water and clean-up water is 19,450 cu ft/
yr, and the sotm runoff water is 62,500 cu ft/yr.

If the lagoon in this example is chosen to be 12 ft deep,
the capacity needed for the rain in excess of evaporation
that falls directly on the lagoon is 31,300 cu ft/yr. See
the answer to Question 2 of the Lagoon Effluent - Non-flush
System for details of this calculation.

If one half of the lagoon volume is removed 4 times per year
(which is equivalent to pumping the lagoon empty twice per
year), the volume requited is 328,875 cu ft/yr [(486,000 cu
ft/yr + 58,500 cu ft/yr + 19,450 cu ft/yr + 62,500 cu ft/yr
+ 31,300 cu ft/yr) t 2].

If a depth of 12 ft is selected, the surface area would be
approximately 27,400 sq ft (328,875 cu ft t 12 ft) or 0.63 A
(27,400 sq ft t 43,560 sq ft/A). See Appendix I for de-
sign details of a lagoon. See Misc. Ext. Publication No. 89
entitled "Tentative Guidelines for the Design, Installation
and Operation of Animal Waste Treatment Lagoons in North
Carolina" for construction details.

2. How much lagoon liquor needs to be removed in order to pre-
vent discharge through the overflow pipe?
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TABLE 8. ACRE INCHES PER ACRE OF LIQUID MANURE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN
PER ACRE

N Concentration
of Slurry Acre Inches per Acre Required to Give the Following Pounds of N per Acre

or Effluent

MgN/1 LbN/gal 100 200 300 400 500 600

50 0.00041 8.82 17.64 26.48- 35.28 44.10 52.96
100 0.00083 4.41 8.82 13.24 17.64 22.05 26.48
200 0.00167 2.20 4.40 6.60 8.80 11.00 13.20
300 0.00250 1.47 2.94 4.41 5.88 7.35 8.82
400 0.00333 1.10 2.20 3.30 4.40 5.50 6.60
500 0.00416 0.88 1.76 2.64 3.52 4.40 5.28
600 0.00500 0.74 1.48 2.22 2.96 3.70 4.44
700 0.00583 0.63 1.26 1.89 2.52 3.15 3.78
800 0.00667 0.55 1.10 1.65 2.20 2.74 3.30
900 0.00750 0.49 0.98 1.47 1.96 2.45 2.94

1000 0.00833 0.44 0.88 1.32 1.76 2.20 2.64
Ln 1100 0.009L.7 0.40 0.80 1.20 1.60 2.00 2.40

1200 0.01000 0.37 0.74 1.11 1.48 1.85 2.22
1300 0.01083 0.34 0.68 1.02 1.36 1.70 2.04
1400 0.01168 0.31 0.62 0.93 1.24 1.55 1.86
1500 0.01250 0.29 0.58 0.87 1.16 1.45 1.74
1600 0.01333 0.28 0.56 0.84 1.12 1.38 1.68
1700 0.01417 0.26 0.52 0.78 1.04 1.30 1.56
1800 0.01500 0.25 0.50 0.75 1.00 1.25 1.50
1900 0.01583 0.23 0.46 0.69 0.92 1.16 1.38
2000 0.01667 0.22 0.44 0.66 0.88 1.10 1.32
2100 0.01750 0.21 0.42 0.63 0.84 1.05 1.26
2200 0.01833 0.20 0.40 0.60 0.80 1.00 1.20
2300 0.01917 0.19 0.38 0.57 0.76 0.95 1.14
2400 0.02000 0.18 0.36 0.54 0.72 0.92 1.11
2500 0.02083 0.18 0.35 0.53 0.71 0.88 1.06
2600 0.02165 0.17 0.34 0.51 0.68 0.85 1.02
2700 0.02250 0.16 0.33 0.49 0.65 0.82 0.98
2800 0.02333 0.16 0.31 0.47 0.63 0.79 0.94
2900 0.02415 0.15 0.30 0.46 0.61 0.76 0.91
3000 0.02500 0.15 0.30 0.44 0.59 0.73 0.88



As stated in the answer to Question 1, 328,875 cu ft/yr need
to be removed 2 times per year. This amounts to 15 ac ft
(328,875 cu ft x 2 t 43,560 sq ft/A).

3. What is the nitrogen concentration of the lagoon liquor?

Using calculations similar to those in the answer to Ques-
tion 5 of the Lagoon Effluent -- Non-flush System example,
the nitrogen concentration of the lagoon liquor is 0.00233
ibN/gal [11,500 lbN/gal [11,500 ibNe (657,750 cu ft x 7.5
gal/cu ft)]. Research results from waste management studies
conducted at the Randleigh Dairy Farm by the Department of
Biological and Agricultural Engineering, NCSU, give approxi.-
mately the same nitrogen concentration.

4. At what rate can the lagoon effluent be applied to the land?

Using calculations similar to those in the answer to Ques-
tion 6 of the Lagoon Effluent - Non-flush System example,
the rate of application is 79,200 gaT/A.

5. What is the total yearly acreage requirement?

Using calculations similar to those in the answer to Ques-
tion 7 of the Lagoon Effluent -- Non-flush System example,
the acreage requirement is 62.4 A.

Because the lagoon will be pumped 4 times per year, 15.6 A
are required for each pumping.

Question A points out a problem that can exist when low
concentrations are to be spread on fields that require high
fertility rates. Assume that an effluent containing 100
mgN/l is to be spread to satisfy a soil test requirement of
400 IbN/A. From Table 8, 17.6 ac in/A would be required.
This extra amount of water over and above the normal rain-
fall would probably keep the soil too wet especially in a
wet season. This would result in poor soil aeration and in
many instances in the growth of slime molds. As a result
crop growth would be reduced or destroyed.

Soil Management

For most efficient utilization of nutrients, cattle manure
should be mixed with the soil either by plowing or disking. If
it is left on the surface, some N will be lost by volatilization
and perhaps some by surface runoff. Mixing with the soil will
essentially eliminate this loss. It will also be very effective
in eliminating odors.

The manure must be decomposed before most of the nutrients
contained in it become available. Plants cannot use the N, P, K,
and other chemical elements contained in the organic manure; they
must be released in the inorganic form.
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Plowing or disking the manure into the soil will speed its
decomposition and will enhance essentially all of the physical,
chemical, and biological properties of the soil. However, when
applying to pastures, grain and certain other crops, it is not
possible to mix it with the soil. If applied to vegetated areas
as a slurry irrigation, it is more apt to come into contact with,
or perhaps enter, the soil than if applied as dry material.

Some other points to keep in mind include the following:

Liquid manure should be applied in a manner that will
not contaminate surface water. It should not be ap-
plied nearer than 50 feet to a stream or other surface
water.

Regardless of the method of application it must be pre-
vented from going directly into waterways or into seep-
age areas leading directly to a waterway.

The wind direction and velocity and the proximity of
neighbors should always be kept in mind when applying
manure to the land.

When irrigation is used, it is desirable to follow the
application of the effluent with an application of
water. This will flush out the irrigation system and
will wash the manure off the vegetation and cause more
of it to penetrate the soil. However, care should be
taken not to add too much water which might result in
surface runoff and in poor soil aeration.

ODOR CONTROL

Dairy producers can do much to minimize criticism from
neighbors and the geieral public by following management prac-
tices which minimize potential environmental problems associated
with farming. Waste management methods which minimize the re-
lease of offensive odors ;nould be utilized, particularly if an
adequate buffer zone is not available for the dispersion of these
odors. Attention needs to be given to timing in spreading the
manure and location of fields.

The following guidelines should be considered in reducing
odors:

Locate the facility where pollution and objections of
neighbors are minimized.

Select a waste management system that would be compati-
ble with the farm location.

If you are surface spreading, break the material up so
it will dry fast. Apply at a time when the air is dry.
Do not apply when the weather is hot and humid. Apply
when the humidity is the lowest for your area.
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Use spreaders that do not drip waste material along the
road. Tank spreaders are now available with injectors
for depositing the manure 4 to 6 in. below the ground
surface. With this method the manure is immediately
covered, which greatly reduces the odor.

In an anaerobic lagoon the microorganisms live without
oxygen. Decomposition of the organic materials is
relatively slow and sometimes odors are released which
are very objectionable. Most structures for treatment
of animal wastes are of this type due to the volume of
material to be handled. Aerators are helpful in reduc-
ing odors in lagoons, but no criteria as to the amount
of aeration necessary have been established Some re-
search is underway to establish these criteria.

-PEST CONTROL

Flies. An effective pest control program requires both
eliminaton of breeding areas and the use of insecticides. There
are no chemical materials which can be substituted for good sani-
tation practices. Flies breed most frequently in places that are
unclean and moist. Infrequent disposal of manure is one of the
most common offenses in this respect.

Milking parlors should be cleaned daily. Spilled feed or
anything which will attract flies should be cleaned up promptly.

Pay particular attention to the places around the barnyard
where flies may breed such as manure pits, trash heaps, and the
areas around the base of silos where drainage and plant material
provide breeding places. These areas should receive special
attention. Clean up or remove these materials at least weekly.

CLEAN UP FIRST--THEN LOOK TO INSECTICIDES FOR ADDITIONAL FLY
CONTROL.

For the safe use of insecticides always do the following:

Use currently recommended insecticides.

Read the label carefully and follow instructions.

Use exactly the dosage and time indicated.

Keep records on insecticide use--what, when where.

Use properly maintained and calibrated equipment.

Observe cautions on the label. Do not contaminate
feed, water, milk and milking equipment.

Always store insecticides in original containers and
keep tightly closed. STORE AWAY FROM CHILDREN AND
UNDER LOCK AND KEY.
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Make proper disposal of all empty insecticide contain-
ers.

For up-to-date legal recommendations on chemicals to use,
contact your local agricultural. extension agent.

Lagoon Mosquitoes

Heavy populations of mosquitoes sometimes develop in animal
waste lagoons. These mosquitoes need the protective vegetation
along the shoreline for egg laying and survival of their young.

To help eliminate mosquito problems, remove the marginal
vegetation including any flooded plants. Rake dead vegetation
and debris away from the edge of the lagoon. Vegetation can be
physically removed or killed with an approved herbicide. For
emergency control, apply sprays of Flit MLO at 5 gallons per acre
or Number 2 fuel oil at 10 gallons per acre.

ECONOMICS

If a producer is to make a rational choice among the various
waste management systems, he must compare costs of these systems
and estimate the value of the waste in a cropping program. Be-
cause each situation is different, no one "best" system can be
suggested. Each producer must make his own comparisons.

Each producer must start with his present situation. A pro-
ducer who is constructing new facilities can simply compare the
total annual costs of various waste management systems and weight
these costs against the environmental desirability and manure
value for each system, realizing the limits upon the capital
which he can invest.

Typically, however, a producer with functional existing
facilities finds that he may have to change his waste management
system because of legislation, labor scarcity, or limited land on
which to apply the manure. In this case, the producer will want
to look at the net income effect of switching from his present
system to another. The calculations involve adding the various
additional annual costs associated with the switch.

Two types of costs are involved in any waste management sys-
tem. They are ownership or fixed costs and variable or operating
costs. Both fixed and variable costs should be considered in
selecting the waste management system for a specific dairy opera-
tion. Annual ownership costs are depreciation, interest on in-
vestment, repairs, insurance and taxes. Variable costs ?re for
such items as fuel, labor and any other out-of-pocket costs.

In choosing a waste management system, the dairy producer
should first select the ones that will handle his situation. If
only one system is believed suitable, then the only thing to
determine is if he can afford to continue in the dairy business
with the added cost incurred with the waste management system.
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Should two or more of the systems be suitable, the farmershould then itemize both the annual fixed costs involved in eachsystem and the annual variable or operating costs. The systemwith the least annual total cost should be selected assuming thateither system being considered will adequately handle the amount
of waste produced.

Tables 9-14 present estimates of the investment required forequipment and facilities for each system together with annualpower and labor requirements. The data in the tables were ob-tained from equipment dealers, farm surveys and university re-search. The annual ownership costs were calculated by multiply-
ing the initial cost of specialized manure facilities and equip-ment by an ownership cost factor. The footnotes explain the cal-
culation of the ownership cost factor for specific items.
Tractor use, labor and electricity were charged at hourly rates.

Each table is provided with blank spaces to insert thosecosts, labor and power coefficients which will enable the indi-vidual to evaluate alternative systems for his operation.

The sources of data for Tables 9-14 were:

1. Berge, 0. I., Waste Disposal.. .Waht Does It Cost, Hoards
Dairyman, April 10, 1971.

2. Jacobs, J. . and G. L. Casler, Economic and Environmental
Considerations in Dairy Manure Management Systems, A. E.Res. 72-18, Department of Agricultural Economics, Cornell
University, December 1972.

3. Wells, R. C. and G. S. Parsons, Manure Handling Systems for
Free-Stall Dairy Housing, Extension Circular 480, N. C.
Agricultural Extension Service, June 1967.
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TABLE 9. SYSTEM I ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR A i00 COW FREE-STALL SYSTEM
Estimated Cost Your Cost

Item Initial Ownership Hours Hourly
Investment Cost Factor Rate Annual Initial Annual

Scraper, rear mounted $ 300 .181 $ 54
Ramp 750 .12 2 90
Spreader, side-unload 1,500 .233 345
Tractor use, 50-59 hp for

scraping, 60-79 hp for
spreading 2 470 $2.26 1,062

Retention Pond 150 .12 l8
Pump, 2 hp, 20 gpm 500 .27e  135
Irrigation equipment for

1170 ft of line 1,215 .19 231
Electricity, 2 kw/hr

@ 3¢/hr 188 .06 11
Labor 1,260

Total $4,415 $3,206

1years of life; 7 interest on initial cost; repairs, 1% of initial cost; taxes and insurance, 1% of initial cost
315 years of life; 7 interest on ; initial cost; repairs, .51% of initial cost; taxes and insurance, 1% of initial cost

46 years of life; 7% interest on & initial cost; repairs, 2% of initial cost; taxes and insurance, 1% of initial cost

1 6 years of life; 7% interest on ; initial cost; repairs, 6% of initial cost; taxes and insurance, 1% of initial cost
L 8 years of life; 7% interest on h initial cost; repairs, 2% of initial cost; taxes and insurance, 1% of initial cost

TABLE 10. SYSTEM II ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR A 100 COW FREE-STALL SYSTEM

Estimated Cost Your Cost
Item Initial Ownership Hours Hourly

Investment Cost Factor Rate Annual Initial Annual

Scraper, rear mounted $ 300 .181 $ 54
Ramp and storage area 1,500 .123 180
Spreader, side-unload 1,500 .23 345
Tractor use, 50-59 hp

for scraping, 60-79
hp for spreading 2 470 $2.26 1,062

Retention Pond 150 .12 18
Pump, 2 hp, 20 gpm 500 .27 135
Irrigation equipment

for 1170 ft of line 1,215 .195 2h1
Electricity, 2 kw/hr

@ 3C/hr 188 .06 11
Labor 1,260

Total $5,165 $3,396

18 years of life; 7% interest on initial cost; repairs, 1% of initial cost; taxes and insurance, 1% of initial cost
215 years of life; 7% interest on initial cost; repairs, .5% of initial cost; taxes and insurance, 1% of initial cost36 years of life; 7% interest on initial cost; repairs, 2% of initial cost; txes and insurance, 1% of initial cost

4- 'IC-et on initial cost; repairs, 6% of initial cost; taxes and insurance, 1% of initial cost



....... 3AT, ME X. UC FREE-STALL SYSTEM WITH A 30-DAY

Estimated Cost
Item Initial Ownership Hours Hourly Your Cost

Investment Cost Factor Rate Annual Initial Annual
Scraper, rear mounted $ 300 .181 $ 54
Tractor use, 50-59 hp

for scraping 280 $2.26 633
Storage tank (6,000 2

cu ft @ 65¢/cu ft) 3,900 .12 3 468Agitator pump 1,900 .27 513
Tractor, 60-79 hp for

agitating and pumping 45 2.90 131
Spreader, liquid manure 2,100 .232 483
Tractor, 90-99 hp for

hauling and spreading 105 3.52 370
Retention Pond 150 .12 18Pump, 2 hp, 20 gpm 500 .27 135
Irrigation equipment

for 1170 ft of line 1,215 .195 231
Electricity, 2 kw/hr

@ 3¢/hr 188 .06 11
Labor 1 100Total $1T-0-16T
1 8 years of life; 7% Interest on initial cost; repairs, 1% of initial cost; taxes and insurance, 1% of initial cost1W 28P 315 years of life; 7% interest on initial cost; repairs, .5% of initial cost; taxes and insurance, 1% of initial costLn 46 years of life; 7% interest on ; initial cost; repairs, 6% of initial cost; taxes and insurance, 1% of initial cost.6 years of life; 7% interest on initial cost; repairs, 2% of initial cost; taxes and insuranc, 1% of initial cost8 years of life; 7% interest on initial cost; repairs, 2% of initial cost; taxes and insuranc , 1% of initial cost

TABLE 12. SYSTEM IV ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR A 100 COW FREE-STALL SYSTEM

Estimated Cost YourItem Initial Ownership Hours Hourly Cost
Investment Cost Factor Rate Annual Initial Annual

Scraper, rear mounted $ 300 .181 $ 54
Tractor use, 50-59 hp

for scraping 280 $2.26 633
Lagoon 2,000 .12 240Walkway pump in lagoon 750 .122 0
Irrigation pump, 30 hp,

200 gpm 2,200 .27 594
Irrigation equipment 2

for 2340 ft of line 2,430 .174 413
Labor 325 2.50 813
Electricity, 30 kw/hr

@ 3¢/hr 87
Total T

years of life; 7% interest on initial cost; repairs, 1% of initial cost; taxes and insurance, 1% of initial cost315 years of life; 7% interest on initial cost; repairs, .5% of initial cost; taxes and insurance, 1% of initial cost46 years of life; 7% interest on initial cost; repairs, 6% of initial cost; taxes and insurance, 1% of initial cost8 years of life; 7% interest on initial cost; repairs, 2% of initial cost; taxes and insurance, 1% of initial cost
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TABLE 14. SYSTEM VI ESTIMATED INITIAL INVESTMENT AND ANNUAL COSTS OF DISPOSAL FOR A 100 COW FREE-STALL SYSTEM

Estimated CostItem Initial Ownership Hours Hourly Your Cost
Investment Cost Factor Rate Annual Initial Annual

Pump, 2 hp, 2 gpm for
flush water $ 500 .271 $ 135< Well 1,350 .122 162

o Flush tanks, 10,000
gal 1,600 .193 304-4 Dam and diversion gates 1,125 .193 214Slurry ditch covers 1,140 .19 217Lagoon 6,000 .122 720

Slurry pump, 30 hp,
200 gpm 2,200 .27 1 594Walkway pump in lagoon 750 .122 90

Irrigation equipment for
2340 ft of line 2,430 .193 462Labor, 35 min/day 213 $2.50 533

Electricity, slurry pump,
30 kw/hr @ 3¢/hr 410 .90 369

Electricity, water pump,
2 kw/hr @ 3¢/hr 3,040 .06 182

Total $17,095 $3,982

1years of life; 7% interest on initial cost; repairs, 6% of initial cost; taxes and insurance, 1% of initial cost
315 years of life; 7% interest on initial cost; repairs, .5% of initial cost; taxes and insurance, 1% of initial cost
8 years of life; 7% interest on initial cost; repairs, 2% of initial cost; taxes and insurance, 1% of initial cost



Comparison of Systems

Table 15 presents a summary of the estimated initial and
annual costs of the six alternative systems.

The two manure ramp systems require the lowest initial in-
vestment. Solid waste handling has the highest power and labor
costs, but the lowest ownership costs. Thus, the solid waste
handling systems have two of the lowest estimated total annual
costs. The liquid manure system with 30-day storage has the
highest annual cost. The system employing a mechanical scraper,
lagoon and irrigation requires a larger initial investment than
solid waste handling systems, but also requires less outlay for
power and labor. This system has the lowest estimated total
annual cost. The water flush systems require substantial invest-
ments, but the savings in labor and power that the flush systems
offer tend to offset the ownership costs associated with the
large investment.

The engineering aspects of lagoons and irrigation of dairy
waste are still being investigated. The system presented in this
publication may be modified further in an effort to reduce costs
and to satisfy environmental requirements. Financial planning
should play an important role in selecting a manure disposal
system. Many dairymen are ikely to borrow funds to finance a
new waste disposal system. The repayment terms of the loan must
be carefully evaluated. For example, a 10-year loan at 8% in-
terest will require annual payments of about $715 for a ramp sys-
tem, $1500 for a liquid manure system and a range of $1940-2530
for flush irrigation systems. The ability to repay the loan must
be considered. When savings in labor and power or convenience
are studied, the dairy producer must decide which system gives
the best chance to pay off the loan with the least jeopardy to
his cash flow position, his net worth and his credit rating.
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TABLE 15. ESTIMATED INITIAL INVESTMENT, ANNUAL COSTS AND LABOR REQUIREMENTS FOR SIX ALTERNATIVE WASTE MANAGEMENT
SYSTEMS FOR A 100-COW FREE-STALL DAIRY

Annuall Annual TotalInitial Ownership Labor AnnualWaste Management System Investment Cost Requirement Cost
System I - Ramp $ 4,415 $1,873 504 hr $3,206System II - Ramp and storage area 5,165 1,963 504 3,326System III - Liquid manure, 30-day

storage 10,065 1,902 440 4,147System IV - Lagoon and irrigation 7,680 1,391 325 2,924System V - Flush, storage tank,
nd irrigation 12,945 2,475 223 3,501System V - Flush, lagoon andirrigation 17,095 2,898 213 3,982

1Does not include tractor ownership cost.



APPENDIX I

Lagoon Design for 100 Cows

The tentative guidelines approved by the North Carolina
Board of Water and Air Resources set the minimum volume per cow
at 660 cu. ft. For 100 cows, 66,000 cu ft of storage must be
provided in the lagoon. If a depth of 10 ft is selected, the
average area (area at one-half the depth) would be 6,600 sq ft
(66,000 cu ft t 10 ft). To get the waste into the lagoon as well
as physically construct the structure, an average width of 50 ft
will be selected. The average length will then be 132 ft (6,600
sq ft t 50 ft). Therefore, a lagoon with 3:1 side and end slopes
will have the dimensions as shown in Figure 4.

For other depths and widths, the procedure for sizing would
be the same as outlined in this example.

30' -

, I____________ I
I Io ' 2 I

20l I 50

I

162

PLAN

FREE BOARD

1 10'

30' SECTION

FIGURE 4. Plan and Section View of a Lagoon.
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POULTRY WASTE MANAGEMENT
ALTERNATIVES

Poultry production has become more complex, more specialized
and more restricted by certain environmental limitations. This
bulletin is designed to help poultry producers meet these pro-
blems in the most practical and economical way. The recommenda-
tions given herein are based on the latest known research results
obtained Dy tile Agricultural Experiment Station at North Carolina
State University and other similar institutions, and on field
experience and observation. Producers who follow the recommen-
dations should be in compliance wi.h federal and state regula-
tions concerning animal waste disposal known at the time of this
writing.

A poultiy production unit should be envisioned as a total
system. To achieve the systems concept, planning must begin with
the idea to build or renovate and must be followed through until
birds are placed in the facilities. In addition to planning for
efficiency, appearance is important. Pride and pleasure cannot
be denied the owner of an attractive building or group of build-
ings located on a landscaped site. Real estate value is also
enhanced.

Prospective producers or producers who plan to renovate
their facilities extensively should strongly consider the follow-
ing suggestions:

Locate in the center of a large tract of land if possi-
ble.

if the operation is on a small farm be sure sufficient
land area is available for waste disposal.

Do not locate the operation in a heavily populated
area.

Do not locate the operation near drainage ditches,
streams, rivers and estuaries.

This bulletin is divided into five parts: alternative waste
management systems, utilization and land requirements, odor con-
trol, pest control and economics. The first section describes
the various components of each alternative system. The section
on utilization and land requirements presents guidelines and ex-
amples of how much waste can be applied per acre. The sections
on odor and pest control provide suggestions and methods for re-
ducing odor and pest problems. The section on economics gives
estimated cost data and contains a partial budget sheet so that
comparisons between the alternative waste management systems can
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easily be made. Appendix 1 gives the design details for a la-
goon.

Alternative Waste Management Systems

With an increase in size of layer, broiler and turkey pro-
duction units and more concern for a clearer environment, more
attention must be given to methods of poultry waste disposal.
Higher bird densities and larger production units yield large
quantities of manure daily. A 5-pound laying hen produces about
0.04 gallons (gal) or 0.005 cubic feet (cu ft) per day of manure
on a wet basis. As shown in Table 1, the quantity becomes astro-
nomical as flock sizes increase. Consequently, the producer must
select a method that will allow him to properly treat, utilize or
dispose of this by-product.

Waste from caged layers is handled either as solid or liquid
material. However, from broilers and turkeys, it is most often
handled as a solid because these birds when confined are housed
on litter on an open floor. Consequently at cleaning time, the
waste and litter are scraped into piles and loaded onto a spread-
er for direct land disposal. Tables 2 and 3 show the manure pro-
duction from varying flock sizes of broilers and turkeys, respec-
tively.
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TABLE 1. MANURE PRODUCTION FROM CAGED LAYERS

Flock Size
Number Daily Manure Production Monthly Manure Production Yearly Manure Production
of Birds Gal Cu Ft Gal Cu Ft Cu Ft T

1,000 40 5 1,200 150 1,800 56
5,000 200 25 6,000 750 9,100 280
10,000 400 50 12,000 1,500 18,000 560

15,000 600 75 18,000 2,500 27,000 840
25,000 1,000 125 30,000 3,750 45,000 1,400
50,000 2,000 250 60,000 7,500 91,000 2,800
75,000 3,000 375 90,000 11,250 133,000 4,200

100,000 4,000 500 120,000 15,000 182,000 5,600
200,000 8,000 1,000 240,000 30,000 365,000 11,200
500,000 20,000 2,500 600,000 75,000 914,000 28,000



TABIE 2. MANURE PRODUCTION FROM BROILERS

Flock Size
Number Daily Manure Production Monthly Manure Production Yearly Manure Production
of Birds Cu Ft Cu Ft Cu Ft T

1,000 2 60 720 12.6
5,000 10 300 3,600 63

10,000 20 600 7,200 126
15,000 30 900 10,800 189
25,000 50 1,500 18,000 315
50,000 100 3,000 36,000 630
75,000 150 4,500 54,000 945
100,000 200 6,000 72,000 1,260
200,000 400 12,000 144,000 2,520
500,000 1,000 30,000 360,000 6,300



TABLE 3. MANURE PRODUCTION FROM TURKEYS

Flock Size
Number Daily Manure Production Monthly Manure Production Yearly Manure Production
of Birds Cu Ft Cu Ft Cu Ft T

1,000 5.5 165 1,980 34.6
5,000 27.5 825 9,900 173

10,000 55 1,650 19,800 346
15,000 82.5 2,490 29,900 524
25,000 137.5 4,140 49,700 865
50,000 275 8,250 99,000 1,730

75,000 421.5 12,400 149,000 2,610
100,000 550 16,500 198,000 3,460
200,000 1,100 33,000 396,000 6,920
500,000 2,750 82,500 990,000 17,300



Waste Management System for Broilers and Turkeys

When broilers and turkeys are raised in confinement on lit-
ter on an open floor, it is best to handle the manure in a solid
form. The following flow diagram schematically illustrates the
system.

Scraper-*Front End Loader-.Spreader--iLand

The usual cleanout procedure as illustrated above moves the
manure directly from the broiler or turkey houst to the land for
spreading. This eliminates any other storage between cleanout
and spreading, thus reducing cost. With a planned cleanout and
cleanup interval between flocks of birds no problems are usually
encountered.

Be sure to select a spreader that will not leak the contents
along the road but will spread the material in small pieces on
the land surface so as to minimize fly breeding. If the material
is very dry, exercise care on windy days to prevent dust and fea-
thers from creating a nuisance.

Sometimes the litter is treated and used for more than one
flock of birds. When this procedure is followed, the major
cleanout and cleanup intervals are more infrequent.

Alternative Waste Management Systems for Caged Layers

To date, all management or disposal methods ultimately re-
turn the manure to the land. Depending upon the method selected,
there may be a storage or detention period between cleaning a
caged layer house and land disposal. Always be careful to pre-
vent any waste or waste water from reaching the surface waters of
the state and violating the water quality standards assigned to
those waters.

System 1: Direct Spreading in Solid Form

Cross Conveyor

Scraper Spreader - Land

Front End Loader

Mechanical pit scrapers are generally used in conjunction
with a cross conveyor at one end of the poultry house. The two
units operate simultaneously with the pit scraper depositing
manure onto the cross conveyor which discharges the manure di-
rectly into a spreader for land disposal. This mechanized method
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requires daily pit cleaning and manure removal from the house.
In addition, ample land must be available to receive the manure.

Small tractors can also be used to scrape the pits in lieu
of the mechanical pit scraper, but the tractor must move through
the aisles and requires an operator. This unit will deposit
manure on a cross conveyor or in a pile where it can be picked up
with a tractor front end loader. Usually, these pieces of equip-
ment are used where the house is not cleaned daily.

Field spreaders are available as tractor drawn or truck
mounted units. Flail type tank spreaders will hold either li-
quids or solids and have either a side or rear discharge. A
spreader with beaters should have a rear gate, preferably hydrau-
lically operated, that can be opened and closed from the tractor
seat. Be sure to select a spreader that will not leak the con-
tents along the road and will spread the material in small pieces
on the land surface so that fly breeding is minimized.

Surface II: Flush with Lagoon

- Irrigation

Flush Lagoon k Sr__Land

- Tank Spreader -

A hydraulic water flush system of pit cleaning is being used
successfully in conjunction with a lagoon. Water from the lag,)or.
is recirculated through the pits generally twice each day and
moves the droppings from under the cages into the lagoon.

To meet the design criteria approved by the North Carclina
Board of Water and Air Resources, 30 cubic feet of water must be
provided in the lagoon for each laying hen. No overflc;-w or dis-
charge from the lagoon is permitted. Therefore, provisions must
be made to control the water level in the lagoon.

Irrigating lagoon effluent is probably the most practical
way to control the water level in the lagoon because of the quan-
tity. When using irrigation, care must be exercised to prevent
surface runoff. The system should be designed for minimum pipe
and sprinkler movement because this is a "nasty" job. Before
moving, flush out the irrigation system with clean water.

A tank wagon equipped with a vacuum pump might be used with
small lagoons, but its volume will limit its use.

The lagoon effluent should not be spread on a hot humid
(muggy) day because odors from the spreading operation may create
a nuisance.
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Evidence indicates that the lagoon serves as a nitrogen trap
by accumulating nitrogen in the sludge build-up on the bottom.
This build-up of solids indicates that the sludge must be removed
at some future date, but definite recommended cleaning intervals
are not established at this time. By reducing the quantity of
nutrients through the decomposition process that takes place in a
lagoon, less land area is needed for land spreading because of
nutrient reduction, particularly nitrogen, in the effluent.

System III: Storage and Spreading in Liquid Form

Tank Spreader

Scraper - Storage Tank Land

oil Injection/

Liquid handling of manure on a frequent basis can be accom-
plished by pit scrapers moving the manure directly to a concrete
storage tank. The size of the tank is dependent upon the number
of birds, the moisture content of the manure, and the frequency
of spreading. Water must be added to the storage tank to bring
the waste to a pumpable consistency. Table 4 shows the approxi-
mate quantity of water needed to increase the moisture content of
the manure. A general range of moisture content for manures
without bedding would be as follows.

75-82% moisture - stiff
80-85% moisture fluid or serai-liquid - quite thick slurry
83-90% moisture - liquid - fairly thin liquid at 90%
93-97 % moisture - irrigation ,--sistency

It is evident fron. Table 4 thE '. amount of water added to
produce a pumpable slurry might i. .3re than the quantity of
manure initially. For example, the addition of 11.25 gal of
water to 1 cu ft of fresh manure at 75% moisture raises the mois-
ture content to 90% and changes the volume from 1 cu ft to 2.5 cu
ft.

A storage tank requires an agitator or pump-agitator which
serves the dual role of agitating and filling the spreader tank.
One distinct disadvantage with liquid manure storage is odors
while agitating and field spreading. The liquid slurry should
not be spread on a hot humid (muggy) day because odors resulting
from the agitating and spreading operations may create a nui-
sance.

Where odor is a problem, the producer might elect to equip
his spreader with a soil injector. This equipment places the li-
quid slurry 4 to 6 inches (in.) below the ground surface and
covers it immediately, drastically reducing odor. Care must be
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TABLE 4. AMOUNT OF WATER REQUIRED TO CHANGE ONE CUBIC FOOT OF MANURE FROM AN INITIAL TO A DESIRED MOISTURE PERCENTAGE

Amount of Water to Final Volume Per
Initial Percent be Added to Each Each Original

Moisture Cu Ft to Give the Cu Ft
Volume Desired Desired Percent Moisture

Percent
Cu Ft Gal Moisture Cu Ft Gal Cu Ft Gal

1.0 7.5 85 90 0.50 3.75 1.50 11.25

95 2.00 15.00 3.00 22.50

1 1.0 7.5 80 85 0.33 2.50 1.33 10.00

00 90 1.00 7.50 2.00 15.00

95 3.00 22.50 4.00 30.00

1.0 7.5 75 80 0.25 1.88 1.25 9.38

85 0.67 5.00 1.67 12.50

90 1.50 11.25 2.50 18.75

95 4.00 30.00 5.00 37.50

1.0 7.5 70 75 0.20 1.50 1.20 9.00

80 0.50 3.75 1.50 11.25

85 1.00 7.50 2.00 15.00

90 2.00 15.U. 3.00 22.50

95 5.00 37.50 6.00 45.00



exercised to select a field that is relatively free of large
stones, stumps and roots when the injection method is used.

Table 5 gives the storage capacity per foot of length for
tanks with different widths and depths. This table along with
Table 1 will enable the producer to determine the tank size re-
quired to store liquid manure.

Table 5. Storage Tank Capacity per Foot of Length

Tank Width Tank Depth
Ft Ft

6 8 10

Gal/Ft of Length
8 360 480 600

10 450 600 750
12 540 720 900
14 630 840 1050
16 720 960 1200
18 810 1080 1350
20 900 1200 1500
22 990 1320 1650
24 1080 1440 1800

System IV: Flush with Aerated Lagoon

Flush - - Aerated Lagoon - Irrigation Land

This system is similar to System II except that the lagoon
is aerated. Aeration serves two important functions. Firstly,
it reduces the odor from the lagoon. Secondly, it increases the
quality of effluent or reduces the nutrient content of the efflu-
ent because of degradation. This results Jn less land area for
disposal. Aeration is currently being studied and complete de-
sign criteria are not available at this time.

Otier Alternatives

The following alternatives have been studied or tried in
various locations in the United States. They do not appear to be
economical at the present time in comparison to the previously
described alternatives unless one has a sale or use for the dried
product.

Drying. Drying is a method that has received considerable
attention. Michigan State University has pioneered in this work,
and their research indicates a total drying cost of $8.00 plus

V-385



per ton (T) of wet manure. At this time, drying must be invest-
igated on an individual enterprise basis.

Deep Pit Houses. Deep pit houses for layers have received
acclaim by some, but this is a relatively new method with some
serious disadvantages. The manure is allowed to build up in an
8-ft pit under the cages until cleanout. As long as the manure
is kept dry, the system appears to offer advantages, but over-
flowing and leaky waterers or an ingress of groundwater or sur-
face runoff necessitates cleanout and causes odor problems. To
prevent the addition of water from ground or surface runoff, the
pit should be constructed above ground. Also, mechanical ventil-
ation must be employed to facilitate drying of the manure in the
pit.

Composting. Composting has received limited study. A com-
bination of drying and composting takes place in a properly oper-
ating deep pit house and possibly explains the success and accep-
tance by some producers. Aeration is essential for rapid com-
posting. Composting on a large scale has not become practical.

Refeeding. Refeeding by formulation of diets to include
animal waste as an ingredient is being studied. Before being
incorporated into feed, it is generally agreed that some type of
processing is needed. Drying has been closely allied with re-
feeding. Before refeeding can be practiced, it must be proven
that no detrimental effects will result from feed additives,
pesticides or pathogenic microorganisms and also the practice
will require approval by the Food and Drug Administration.

Utilization and Land Requirements

Utilization of poultry manure by direct land application is
generally recormiended. However, because large quantities of
manure are generated in concentrated operations, many of which
have limited land areas, the manure is often treated as an un-
wanted commodity to be disposed of by any means that are publicly
acceptable or economically feasible. Whenever possible, the
manure should be treated as a resource and be used as a valuable
source of plant nutrients.

During the past 40 to 50 years poultry manures have been
largely replaced by commercial fertilizers as sources of plant
nutrients. This may be attributed to: 1) improved physical and
chemical quality of commercial fertilizers; 2) improved methods
of handling and applying commercial fertilizers; 3) the smaller
tonnage of commercial fertilizers required to give the same
amount of plant nutrients; and 4) the lower cost per pound of
plant nutrients in commercial fertilizers. Poultry manure can be
used as a source of nutrients for most crops grown in North Caro-
lina except tobacco and certain other crops where nitrogen con-
trol is essential. The efficiency of properly applied manure as
a source of nutrients is comparable to that of commercial fertil-
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izers, and the crop recovery values of the nutrients from manure
are quite comparable to those from commercial fertilizer.

The principal plant nutrients supplied by both poultry man-
ures and commercial fertilizers are nitrogen (N), phosphorus (P)
and potassium (K). In fertilizers the nutrients are expressed as
percents nitrogen (N), phosphate (P 0 ) and potash (K 0). In
addition to N, P and K, poultry manuri asually contains an appre-
ciable amount of calcium, magnesium and sulfur, and traces of
manganese, iron, boron, copper, zinc and molybdenum, all of which
are essential for plant growth. Care should be taken to monitor
the levels of trace elements in the soil in order to avoid ex-
cessive or toxic amounts.

Nutrient Composition of Poultry Manures

The daily production of poultry manure and its composition
varies with the type of fowl, whether broilers, layers or tur-
keys, and the kind and amount of feed consumed.

Table 6 gives representative values of the nutrient composi-
tion of oven dried poultry manure. The actual composition of any
particular batch of manure will be determined by the amount of
moisture, the amount of litter present, the rations fed, and the
way that the manure was handled or stored. Because in most in-
stances it would not be practical to have each batch of manure
analyzed, the figures in Table 6 man be used to get approximate
values of the amount of nutrients in the manure.

Table 7 shows the effect of moisture content on the average
nutrient composition of caged layer manure.

The relative value of poultry manure as compared to commer-
cial fertilizer will be determined by the composition of the man-
ure and by the cost of handling it. This will vary from farm to
farm and should be estimated in each individual situation. An
important item that should not be overlooked in estimating the
value of manure is tht fact that the manure must be disposed of
but the cost of disposal is partially offset by its fertilizer
value.

Effects of Poultry Manure on Soils and Crops

Poultry manure has several beneficial effects on the chemi-
cal, physical and biological properties of soils.

Chemical Effects. The principal chemical effect of manure
is the supplying of the major plant nutrients: nitrogen, phos-
phate and potash. It also contains a number of other chemical
elements necessary for plant growth. In contrast to commercial
fertilizers, poultry manure supplies organic matter to soils.
This is usually considered beneficial in increasing the nutrient-
holding capacity of soils.
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TABLE 6. NUTRIENT COMPOSITION OF OVEN DRIED POULTRY MANURE*

Type of Manure (oven dried)

Broiler Caged Layer Turkey
Plant Mean Mean MeanNutrient LbT Range Lb/T Lb/T Ranqe Lb/T Lb/T Range Lb/T
Nitrogen (N) 45.4 29.8 - 52.9 39 8 25.6 - 117.6 94.0 62 - 126Phosphorus (P ) 49.0 17.4 - 48.2 38.4 28.5 - 59.2 45.0 44 - 46Potassium (K 2) 40.7 30.1 - 44.9 44.9 17.6 - 81.5 38.7 31 - 45Calcium (Ca) 39.4 12.4 - 70.9 68.1 32.2 - 110.0Magnesium (Mg) 7.3 1.2 - 15.9 10.4 6.2 - 16.9Sulfur (S) 7.6 2.0 - 16.0 9.5 3.9 - 15.8Manganese (Mn) 0.55 0.27 - 1.05 0.66 0.33 - 1.04Iron (Fe) 2.45 1.37 - 3.34 2.69 0.99 - 4.72Boron (B) 0.07 0.04 - 0.12 0.06 0.03 - 0.08Copper (Cu) 0.05 0.03 - 0.11 0.06 0.03 - 0.08Zinc (Zn) 0.25 0.17 - 0.51 0.24 0.13 - 0.51Molybdenum (Mo) 0.03 0.01 - 0.07 0.03 0.02 - 0.06

*Data derived from
1. North Carolina State University2. Dyal, R. S. Agricultural values of polutry manure. ARS, USDA, Beltsville,Maryland.
3. Perkins. H. F. and M. B. Parker. 1971. Chemical composition of broiler and henmanures. Research Bulletin 90, University of Georgia, Athens, Georgia.4. Papanos, Stanley and B. A. Brown. 1950. Poultry manure: Its nature, care anduse. Storrs Agricultural Experiment Station, Storrs, Connecticut.



TABLE 7. EFFECT OF MOISTURE CONTENT ON THE AVERAGE NUTRIENT COMPOSITION OF CAGED LAYER
MANURE

Moisture Solid Average Nutrient CompositionContent Matter N P2 05 K2 0
Type of Manure L_/T %LbT Lb/T
Fresh droppings 75 25 0.5 10 0.47 9 0.57 iiPartially dried 50 50 1.0 20 0.95 19 1.15 23Nearly dry 25 75 1.5 30 1.42 28 1.72 34Dry 0 100 2.0 40 1.90 38 2.30 45



Physical Effects. If manure is applied to the surface of
the soil,--t-wl'll aid in preventing soil crusting. If mixed with
the soil, it will decompose more rapidly and the products of de-
composition will improve soil structure and the general physical
condition of the soil. Thus, whether applied to the surface or
mixed with the soil, it will be important in concerving water and
soil by reducing runoff and erosion. Poultry manure is frequent-
ly credited with increasing the available water-holding capacity
of soils. This is generally not true. If the manured soil con-
tains more water, it is probably because more soaked in during
rainfall or irrigation.

Biological Effects. Manure is a source of food, and hence
energy, for soil microorganisms that decompose it. These soil
microorganisms have many very important direct and indirect
effects on many physical, chemical and biological properties of
the soil.. It should be noted that some adverse effects may be
caused by pesticide residues in the manure.

Factors Affecting Rates of Application

Several factors affect the amount of manure that might be
applied to any given land area. They are: (1) the use to be
made of t.he land -- whether it is to be used for crop production
or for manure disposal only; (2) if used for crop production, the
kind of crop to be grown; (3) the characteristics of the soil
including texture, depth and fertility status; (4) topography as
it affects runoff and erosion; (5) the season of the year in
which the manure is to be applied; and (6) possibility of envir-
onmental pollution, particularly the contamination of surface and
ground water by excessive leaching or runoff. In this connection
care must always be taken to prevent any waste or waste water
from reaching the surface waters of the state and violating the
water quality standards assigned to those waters.

From Liie standpoint of crop production the amount to be
applied to any particular crop is determined by the nitrogen con-
tent of the manure and the nitrogen requirements of the crop.
This will be explained more fully in the following pages.

Crop production is not the only factor to be considered in
determininig the amount of manure that might be applied to any
particular soil. Another very important factor is the possible
effect of the manure on environmental pollution, particularly
contamination of surface or ground water. The two elements con-
tained in manure which are most likely to cause problems in water
are nitrogen, particularly in the nitrate form, and phosphorus.
Excessively large amounts of nitrates can be toxic to animals and
considerable accumulation of nitrates and phosphate in surface
water causes eutrophication (excessive growth of algae and other
water-loving plants). When manure decomposes in the soil the ni-
trogen will ul.timately be converted to the nitrate form which is
very easily leached. If it leaches downward in the soil to a
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poorly drained layer, in which there is sufficient organic matter
for microorganisms to live on, the nitrate will be converted to
the ammonium form which is less easily leached and less toxic to
animals, and is likely to be volatilized.

Table 8 gives the relative potential nitrate leaching rates
together with some of the soil properties affecting leaching. As
a general rule, it would be undesirable to apply heavy applica-
tions of manure to soils with a high nitrate-leaching potential.
On such soils it would be desirable to use smaller applications
distributed throughout the year, making sure that the total
application within the year is not excessive. On fine textured
soils infiltration is retarded and surface runoff may contribute
to stream pollution.

Table 8 also shows the relative phosphate-fixing capacity of
representative soils in North Carolina. Many soils have the ca-
pacity to "fix" phosphorus; that is, render it relatively insolu-
ble and on those soils phosphate leaching is usually not a pro-
blem. It is a problem, however, on sand and care should be taken
not to add large amounts of phosphorus to soils with low phos-
phate-fixing capacity. As a general rule, the red to reddish-
yellow soils with considerable clay in the subsoil have the
higher phosphate-fixing capacity. The relative values for some
typical soils in the state are given in Table 8.

The leaching of nitrates, phosphates and other plant nu-
trients is affected by a number of factors such as soil tempera-
ture (which affects the rate of decomposition of manure), the
kind of crop being grown and, hence, the rate of utilization of
the nutrients by the crop, and the soil moisture conditions.
Under normal climatic conditions in North Carolina the soils are
usually wet during the winter and relatively dry during the sum-
mer. "Normal" summce. rains penetrate the soil to relatively
shallow depths (6 to 10 to 15 inches, depending upon the texture)
and under high summertime temperatures the moisture is rapidly
lost by evaporation. Under such conditions leaching of nitrates
to the water table is improbable, .xcept on extremely coarse-
textured soils.

When high quality fresh poultry droppings are added to a
warm moist soil, ammonia production is rapid during the first few
days. Generally the maximum levels occur in the first two weeks.
The production of nitrate from ammonia is slow the first week but
reaches a maximum after 4 weeks. Research has shown that 30 to
60 percent of the total nitrogen of the droppings will become
available during the first six weeks. If, however, the poultry
manure contains a lot of litter (shavings, sawdust, etc.), the
release of nitrogen will be retarded due to its wide carbon-
nitrogen ratio; therefore, the release of all the nitrogen may
take more than one season. Because only about half of the nitro-
gen contained in the manure will generally become available dur-
ing the first growing season, it is possible to apply about twice
the recommended amount of nitrogen to grain and forage crops

V-391



TABLE 8. RELATIVE LEACHING RATES AND PHOSPHATE-FIXING CAPACITY OF TYPICAL SOILS

Texture of Relative Relative
Potential Phosphate- Typical Soil Series

Topsoil Subsoil Critical Soil Property Affect- Nitrate Fixing
(6-10 in.) (6-10 to 20 in.) ing Movement of N and P Leaching Capacity

Low water table, very high Very Very low Lakeland, Wagram
permeability high

Sand Sand
High water table 'Low Very low Bibb, Pelham, Plummer

Loose to hard, moderately Medium Low Altavista, Durham, Granville,
permeable subsoil to high Norfolk

Slowly permeable, somewhat Medium Medium Appling, Cecil
Sandy loam, Sandy clay loam, plastic subsoil to low

or Clay loam,
Very fine or Very slowly permeable, Very low Medium Creedmoor, Enon, Helena,
sandy loam Clay plastic sticky subsoil to low

Iredell, Whitestone, Wilkes

High water table Low Medium Lumbee, Rains, Roanoke,
O to low Wehadkee, Worsham

AD
IN Moderately permeable, Medium Medium Alamance, Chandler, Chester,

plastic subsoil to low to high Congaree, Fannin, Georgeville,
Herndon, Hiwasse, Lloyd,
Mecklenburg, Orangeburg,

Silty clay Porters, Ruston
Silt loam, loam,

or Clay loam, Slowly permeable, plastic, Low Medium Bertie, Craven, Dunbar, Nason
Loam or sticky subsoil

Clay
Very slowly permeable, Very low Low Lignum, Tatum
plastic, sticky subsoil

High water table Low Medium Bayboro, Kinkora, Portsmouth,
Roanoke

Slowly permeable, compact Medium High to Caroline (eroded), Cecil (erod-
subsoil to low very high ed), Davidson, Georgeville

(eroded), Hayesville (eroded),
Silty clay Silty clay, Marlboro (eroded)

loam or
or Clay Moderately to slowly per- Low High to Appling (eroded)

Clay loam meable, granular subsoil very high

High water table Very low Medium Any low, poorly-drained areas
with topsoil removed by burn-
ing or stripping

Clay-Eroded or denuded Slow to very slowly perme- Low to High to Any area with clay exposed by
areas, void of topsoil and, able, compact or granular very low very high erosion, stripping or burning
thus, with subsoil exposed subsoil

High water table Very low Medium Same as above, but with high



without the danger of nitrate toxicity or groundwater contamina-
tion. However, in succeeding years this carry-over should be
taken into account and rates adjusted accordingly.

Phosphorus is mainly in the organic form in poultry manure.
Phosph-rus availability is directly related to the rate of manure
decomp sition and is much slower than that of nitrogen. Potas-
sium n poultry manure is an inorganic salt that is easily
le;(:hed and is readily available for plant use. Poultry manure
also contains many minor elements in very small quantities that
are released as the manure decomposes.

Losses of nutrients from manure either occur from leaching
of soluble salts or volatilization. However, these losses can be
held to a minimum if the material is applied to the land and
incorporated into the soil. Manure that is high in nitrogen
(pure droppings) should be applied to the land at least 2 to 4
weeks prior to planting to prevent ammonia from burning the
plants and to reduce possible salt injury. Where available land
is required for feed production, management practices must be
developed to permit land spreading at suitable times.

How To Determine the Amount to Apply

The nutrient composition of the manure is very dependent on
the type of waste management system. Producers, especially those
using liquid storage tanks and lagoons, should have the slurry or
lagoon liquor analyzed. There are several commercial laborator-
ies in North Carolina that have expressed an interest in analyz-
ing waste samples. For further information, contact your county
extension agent or one of the regional offices of the Office of
Water and Air Resources of the Department of Natural and Economic
Resources located in Greenville, Raleigh, Concord and Asheville.

Estimates of the existing soil nutrient supply can be ob-
tained by soil tests made by the Soil Testing Division of the
North Carolina Department of Agriculture. Rates of application
should be based on the recommended amount of nitrogen needed to
supplement the existing soil nitrogen supply for the particular
crop to be grown. Contact your county extension agent for fur-
ther information on determining the rate of application.

Illustrative examples are shown below for handling the waste
in solid and slurry forms, and as lagoon effluent. Each example
is for a specific set of conditions that may or may not be appli-
cable to your area. Each example is based on the approach that
the poultry manure is to be a source of fertilizer with the long
range objective of optimum crop production.

If the approach is taken whereby the land is to be used for
waste disposal without consideration of any crop, higher applica-
tion rates than given in the examples below could be used. How-
ever, the risk of groundwater and surface water contamination is
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greater, a very good understanding of the characteristics of the
soil is essential, and lastly, a resource in the form of fertili-
zer is being wasted. If this latter approach is used, contact
your county extension agent or Soil Conservation Service district
conservationist.

Examples

In the examples given below information on the following
will be given based on handling the manure from a caged layer
house containing 25,000 birds:

- Rate of application.

- Total land area needed per year.

- Land area required for spreading at definite intervals.

- Number of trips required for spreading at definite in-
tervals (except for lagoon example).

THE EXAMPLES DO NOT TAKE LOCATION, TOPOGRAPHY, SEASON OF
YEAR, WEATHER CONDITIONS, STAGE OF CROP GROWTH OR SOIL TYPE INTO
ACCOUNT. These factors will be discussed in a subsequent bulle-
tin. The numbers in the parentheses show how the calculations
are made.

Solid Form. The manure is scraped from the houses on a
daily basis. Assume that the fertilizer recommendations for fes-
cue pasture on a particular soil are as follows:

N P 0 KO Lime
lb/A Ii/k A/A T/A
200 140 150 2

All of the nitrogen (N) is to be supplied by the manure.

1. What is the rate in tons per acre (T/A) needed to supply the
recommended amount of nitrogen?

From Table 7, the average amount of N in fresh caged layer
manure is 10 lbN/T. The rate in tons per acre is determined
by dividing lbN needed by the lbN/T of manure. The result
is 20 T/A (200 lb/A t 10 lb/T).

2. What is the total land area needed in order that the appli-
cation rate for nitrogen is not exceeded?

From Table 1, a 25,000 bird caged layer flock produces 1400
T of manure per year (yr). Dividing the total amount of
manure by the desired application rate gives the total land
area required. The result is 70 A (1400 T t 20 T/A).
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3. How much land area is required for daily spreading?

The daily manure production rate is 3.84 T (1400 T/yr - 365
days/yr). From the answer to Question 1, the maximum rate
of application is 29 T/A. Dividing the daily production
rate by the application rate gives the area required. The
result is 0.19 A (3:84 T t 20 T/A).

4. If the manure is spread daily, how many trips are required
with a manure spreader?

There are several sizes and types of manure spreaders. Be-
cause the cost is dependent on the size and type, haul dis-
tance may be an important factor to consider. From the
answer to Question 3, the daily production rate is 3.84
T/day. One trip with a 5 T (180 bu) capacity or two trips
with a 3 T (108 bu) capacity is required.

Slurry Form. The manure is scraped into a storage tank and
handled in a slurry form. The same fertilizer recommendations as
assumed in the Solid Form Example will be used.

1. What size closed storage tank is required?

It is advisable to clean the closed storage tank a minimum
of twice per week. From Table 1, a 25,000 bird flock pro-
duces 1000 gal of manure daily or 4000 gal every 4 days.
Because the weather or land may not be suitable for spread-
ing on the regularly scheduled cleaning days, the capacity
of the storage tank should be increased by at least 50%.
Thus a storage tank of 6000 gal (4000 gal x 1.5) is re-
quired.

Table 5 gives several combinations of tank sizes. If a
10-ft width and 6-ft depth is selected, the storage capacity
per foot of length would be 450 gal/ft. Thus a tank length
of approximately 13.5 ft (6000 gal t 450 gal/ft) is re-
quired. The tank size is 13.5 ft by 10 ft by 6 ft.

2. What is the rate in tons per acre needed to apply the
recommended amount of nitrogen?

Calculations are performed exactly as given in the answer to
Question 1 of the Solid Form Example. The result is 20 T/A.

3. What is the t;otal land area needed in order that the appli-
cation rate for nitrogen is not exceeded?

Calculations are performed exactly as given in the answer to
Question 2 of the Solid Form Example. The result is 70 A.

4. How much land area is required for semi-weekly spreading?
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A semi-weekly spreading interval means that the waste will
be spread 104 times per year. Thus 0.67 A (70 A t 104) is
required for each semi-weekly spreading.

5. How many trips are required with a liquid manure spreader?

There are several sizes of liquid manure spreaders. Because
the cost of an individual spreader is dependent on the size,
haul distance may be an important factor to consider. From
the answer to Question 1, approximately 4000 gal will need
to be spread every 4 days. 1± an 800 gal capacity spreader
is used, 5 trips (4000 gal t 800 gal/trip) are required.

Lagoon Effluent. A flush system and one anaerobic lagoon
are used. The same fertilizer recommendations as assumed in the
Solid Form Example will be used. The terms lagoon liquor and
lagoon effluent are used below. Lagoon liquor is the liquid and
waste mixture in the lagoon. Lagoon effluent is the lagoon
liquor that is discharged or taken from the lagoon.

1. What lagoon volume and surface area are required?

Design criteria approved by the North Carolina Board of
Water and Air Resources require 30 cu ft per laying hen.
Therefore the lagoon volume required is 75,000 cu ft (25,000
birds x 30 cu ft/bird). The exact surface area of a lagoon
depends on the depth and side slopes which in turn are de-
pendent on the site conditions. A first approximateion of
the surface area can be obtained by dividing the volume by
the depth. This approximate surface area provides suffi-
cient accuracy to make the necessary calculations in the
remainder of the answers to the questions in this example.
If a 6 ft depth is selected, the approximate surface area
would bc 125,000 sq ft (750,000 cu ft t 6 ft) or 2.86 A
(125,000 sq ft t 43,560 sq ft/A). See Appendix I for design
details of a lagoon. See Misc. Ext. Publication No. 89
entitled "Tentative Guidelines for the Design, Installation
and Operation of Animal Waste Treatment Lagoons in North
Carolina" for construction details.

2. How much lagoon liquor needs to be removed each year from
the lagoon in order to prevent discharge through the over-
flow pipe?

When the lagoon is nearly filled to capacity some lagoon
liquor must be removed periodically during the year to pre-
vent discharge through the overflow pipe. This discharge
would be caused by manure being added and by rain falling
directly on the lagoon. Table 1 shows that 45,000 cu ft of
manure would be added each year for a 25,000 bird flock.
Because the average rainfall per year in Ncrth Carolina ex-
ceeds the average evaporation per year by 15 in. per unit
surface area, 156,200 cu ft/yr (125,000 sq ft x 15 in. t 12
in./ft) is assumed to be added by the rain in excess of

V-396



evaporation that falls directly on the lagoon. Thus, the
approximate amountof lagoon liquor to be removed each year
is 4.60 ac ft [(45,000 cu ft + 156,200 cu ft) t 43,560 sq
ft/A].

NOTE! The local average amounts of rainfall and evaporation
should be used when making this calculation for your area.

3. What is the nitrogen concentration of the lagoon liquor?

Because the nitrogen concentration of the lagoon liquor will
vary according to the amount of water used, a nitrogen anal-
ysis of the lagoon liquor should be made by a commercial
laboratory. The results will generally be expressed in
milligrams N per liter (mgN/l). A rough estimate of the
nitrogen concentration of the lagoon liquor can be obtained
by dividing the ibN in the liquor by the total amount of
waste and water that is added to the lagoon each year.
However, because the current recommended volume for a poul-
try lagoon appears to be excessively large, the total volume
of the lagoon rather than the total amount of waste and
water added each year will be used to determine the nitrogen
concentration.

From Table 6, the mean amount of N in caged layer manure is
about 40 lbN/T. From Table 1, the yearly manure production
for 25,000 caged layers is 1400 T of manure. Thus 56,000
lbN (1400 T x 40 lbN/T) is discharged into the lagoon. A
conservative assumption is that the N concentration of the
lagoon liquor in an anaerobic lagoon that has been in opera-
tion for more than one year is about 50% of the N of fresh
waste input. Thus 28,000 lbN are estimated to be in the
lagoon liquor.

From the answer to Question 1, the total volume of the la-
goon is 750,000 cu ft or 5,625,000 gal (750,000 cu ft x 7.48
gal/cu ft). Therefore, a rough estimate of the N concen-
tration of the lagoon liquor is 0.00498 lb/gal (28,000 lbN t
5,625,000 gal).

NOTE! The nitrogen concentration of the lagoon liquor may
increase with the age of the lagoon. Therefore a nitrogen
analysis of the lagoon liquor should be made yearly.

4. At what rate can the lagoon effluent be applied to the land?

Table 9 establishes the rate at which lagoon effluent can be
applied to the land to achieve a certain nitrogen applica-
tion rate. Entering Table 9 with 0.00498 lbN/gal and 200
lbN/A, a value of 40,000 gal/A is obtained.
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TABLE 9. GALLONS PER ACRE OF LIQUID MANURRE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN PER ACRE

N Concentration
of Slurry Gailorns per Acr Required to Give the Foliowinc Pounds of K per Acre

or Effluent -

M.,i Lbfl/gja 100 200 2-i. 4,0 500 600

50 0.0041 240,000 480,00r 720,000 960,00- 1,202,000 ±,44o,000
100 0.00083 120,000 240,000 360,000 480,000 600,000 720,000
200 0.00167 60,000 120,000 180,000 240,000 300,000 360,000
300 0.00250 40,000 80,000 120,000 160,000 200,000 240,000
400 0.00333 30,000 60,000 90,000 120,000 150,000 180,000
500 0.00416 24,C00 48,000 72,030 96,000 120,000 144,000
600 0.00500 20,000 40,000 60,000 80,000 100,000 120,000
700 0.00583 17,150 34,300 51,500 68,600 85,700 103,000
800 0.00667 15,000 30,000 45,000 60,000 75,000 90,000
900 0.00750 13,300 26,650 40,000 53,300 66,500 80,000

10 1000 0.00833 12,000 24,000 36,000 48,000 60,000 72,000
o 1100 0.00917 10,900 21,800 32,700 43,600 54,500 65,400

1200 0.01000 10,000 20,000 30,000 40,000 50,000 60,000
1300 0.01083 9,230 18,460 27,690 36,920 45,150 55,380
1400 0.01168 8,560 17,120 25,680 34,240 42,800 41,360
1500 0.01250 8,000 16,000 24,000 32,000 40,000 48,000
1600 0.01333 7,500 15,000 22,500 30,000 37,500 45,000
1700 C.01417 7,060 14,120 21,180 28,240 35,300 42,360
1800 0.01500 6,660 13,320 19,980 26,640 33,300 39,960
1900 0.01583 6,330 12,660 18,990 25,320 31,650 37,980
2000 0.01667 6,000 12,000 18,000 24,000 30,0000 36,000
2100 0.01750 5,710 11,420 17,130 22,840 28'550 34,260
2200 0.01833 5,450 10,900 16,350 21,800 27,250 32,700
2300 0.01917 5,220 10,440 15,660 20,880 26,1Q0 31,320
2400 0.02000 5,000 10,000 15,000 20,000 25,000 30,000
2500 0.02083 4,800 9,600 14,400 19,200 24,000 28,800
2600 0.02165 4,615 9,230 13,845 18,720 23,075 27,690
2700 0.02250 4,450 8,900 13,350 17,800 22,250 26,700
2800 0.02333 4,280 8,560 12,840 17,120 21,400 25, 680
2900 0.02415 4,140 8,280 12,420 16,560 20,700 24,840
3000 0.02500 4,000 8,000 12,000 16,000 20,000 24,000



5. What is the total acreage requirement?

As indicated in Question 2, 4.60 ac ft of lagoon liquor need
to be removed from the lagoon. This is equivalent to
1,502,000 gal (4.60 ac ft x 12 in./ft x 27,200 gal/ac in.).
Dividing the amount of effluent to be spread by the applica-
tion rate gives the acreage required for spreading. The re-
sult is 37.6 A (1,502,000 gal t 40,000 gal/A).

Because irrigation amounts are generally expressed in terms
of acre inches applied to a given area, Table 10 was de-
veloped to provide information regarding the number of acre
inches per acre of effluent required to give the designated
rates of total N per acre for various N concentrations in
liquid manure or lagoon effluent.

Table 10 with 0.00498 lbN/gal and 200 lbN/A, a value of 1.48
ac in./A is obtained. The total amount of effluent ex-
pressed in acre inches per acre to be removed from the
lagoon and spread on th land is 55.2 ac in. (4.70 ac ft x 12
in./ft). Dividing the amount of effluent to be spread by
the application rate gives the acreage required for spread-
ing. The result is 37.3 A (55.2 ac in. t 1.48 ac in./A)
which is approximately the same as obtained previously.

Several things are obvious from this example. Firstly, it
would be sheer nonsense to use a tank spreader to spread the
effluent. A 1400 gal spreader would require 1073 trips
(1,502,000 gal t 1400 gal/trip).

Secondly, the amount of acreage necessary at one time is
considerably lessened if smaller amounts are taken out more
frequently. For instance, if th lagoon effluent is spread 4
times per year, only 9.4 A would be required for each
spreading.

Thirdly, an application of 1.48 ac in./ac could be excessive
at certain times of the year. If the soil cannot absorb
this amount, a larger area may be required and a lesser
total applicaion be used.

6. Is it possible to reduce the land area required for spread-
ing the effluent?

This installation of a second lagoon in series with the
existing lagoon will reduce the N concentration of the
effluent from the existing lagoon by approximately 50%.
Thus the N concentration of the effluent to be spread would
be about C.00249 lbN/qal. Entering Table 9 with 0.00249
lbN/gal and 200 lbN/A, a value of 80,000 gal/A is obtained.
The acreage required would be 18.8 A (1,502,000 gal t 80,000
gal/A).
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TABLE 10. ACRE INCHES PER ACRE OF LIQUID MANURE OR LAGOON EFFLUENT REQUIRED TO SUPPLY VARIOUS RATES OF TOTAL NITROGEN
PER ACRE

N Concentration
of Slurry Acre Inches per Acre Required to Give the Following Pounds of N per Acre

or Effluent

MgN/1 LbN/gal 100 200 300 400 500 600

50 0.00041 8.82 17.64 26.48 35.28 44.10 52.96
100 0.00083 4.41 8.82 13.24 17.64 22.05 26.48
200 0.00167 2.20 4.40 6.60 8.80 11.00 13.20
300 0.00250 1.47 2.94 4.41 5.88 7.35 8.82
400 0.00333 1.10 ;.20 3.30 4.40 5.50 6.60
500 0.00416 0.88 1.76 2.64 3.52 4.40 5.28
600 0.00500 0.74 1.48 2.22 2.96 3.70 4.44
700 0.00583 0.63 1.26 1.89 2.52 3.15 3.78
800 0.00667 0.55 1.10 1.65 2.20 2.74 3.30

900 0.00750 0.49 0.98 1.47 1.96 2.45 2.94
1000 0.00833 0.44 0.88 1.32 1.76 2.20 2.64
1100 0.00917 0.40 0.80 1.20 1.60 2.00 2.40
1200 0.01000 0.37 0.74 1.11 1.48 1.85 2.22
1300 0.01083 0.34 0.68 1.02 1.36 1.70 2.04
1400 0.01168 0.31 0.62 0.93 1.24 1.55 1.86
1500 0.01250 0.29 0.58 0.87 1.16 1.45 1.74
1600 0.01333 0.28 0.56 0.84 1.12 1.38 1.68
1700 0.01417 0.26 0.52 0.78 1.04 1.30 1.56'
1800 0.01500 0.25 0.50 0.75 1.00 1.25 1.50
1900 0.01583 0.23 0.46 0.69 0.92 1.16 1.38
2000 0.01667 0.22 0.44 0.66 0.88 1.10 1.32
2100 0.01750 0.21 0.42 0.63 0.84 1.05 1.26
2200 0.01833 0.20 0.40 0.60 0.80 1.00 1.20
2300 0.01917 0.19 0.38 0.57 0.76 0.95 1.14
2400 0.02000 0.18 0.36 0.54 0.72 0.92 1.11
2500 0.02083 0.18 0.35 0.53 0.71 0.88 1.06
2600 0.02165 0.17 0.34 0.51 0.68 0.85 1.02
2700 0.02250 0.16 0.33 0.49 0.65 0.82 0.98
2800 0.02333 0.16 0.31 0.47 0.63 0.79 0.94
2900 0.02415 0.15 0.30 0.46 J.61 0.76 0.91
3000 0.02500 0.15 0.30 0.44 0.59 0.73 0.88



If Table 10 were used, a value of 2.94 ac in./A is obtained.
The required acreage would be 18.8 A (55.2 ac in. t 2.94 ac
in./A).

Question 6 points out a problem that can exist when low
concentrations are to be spread on fields that require high
fertility rates. Assume that an effluent containing 100
mgN/l is to be spread to satisfy a soil test recommendation
of 4,0 lbN/A. From Table 10, 17.64 ac in./A would be re-
quired. This extra amount of water over and above the nor-
mal rainfall would probably keep the soil too wet, espe-
cially in a wet season. This would result in poor soil
aeration and in many instances in the growth of slime molds.
As a result crop growth would be reduced or destroyed.

Soil Management

For most efficient utilization of nutrients, poultry manure
should be mixed with the soil either by plowing or disking. If
it is left on the surface, some N will be lost by volatilization
and perhaps some by surface runoff. Mixing with the soil will
essentially eliminate this loss. It will also be very effective
in eliminating odors.

The manure must be decomposed before most of the nutrients
contained in it become available. Plants cannot use the N, P, K,
and other chemical element. :ontained in the organic manure; they
must be released in the inorganic form.

Plowing or disking the manure into the soil will speed its
decomposition and will enhance essentially all of the physical,
chemical, and biological properties of the soil. However, when
applying to pastures, grain, and certain other crops, it is not
possible to mix it with the soil. If applied to vegetated areas
as a slurry irrigation it is more apt to come into contact with,
or perhaps enter, the soil than if applied as dry material.

Some other points to keep in mind include the following:

Liquid manure should be applied in a manner that will
not contaminate surface waters. It should not be
applied nearer than 50 feet to a stream or other sur-
face water.
Regardless of the method of application it must be pre-
vented from going directly into waterways or into
seepage areas leading directly to a waterway.
The wind direction and velocity and the proximity of
neighbors should always be kept in mind when applying
manure to the land.
When irrigation is used, it is desirable to follow the
application of the effluent with an application of
water. This will flush out the irrigation system and
will wash the manure off the vegetation and cause more
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of it to penetrate the soil. However, care should be
taken not to add too much water which might result in
surface runoff and in poor soil aeration.

ODOR CONTROL

Odor control is a very difficult problem. Some research has
been conducted on odors, but no definite statements can be made
regarding odor control. Controlling odors around the poultry
operation is still largely dependent upon good housekeeping and
satisfactory manure handling.

Steps in controlling odors include:

• Properly disposing of dead birds.
Keeping broken eggs out of manure.

• Keeping manure as dry as possible.
Avoiding moving manure on hot, damp still days.
Providing good drainage around houses.
Providing sufficient size lagoons.
Diluting odor by adequate ventilation.

Aerators are helpful in reducing odors in lagoons, but nocriteria as to the amount of aeration necessary have been estab-
lished. Some research is underway to establish this criteria.

PEST CONTROL

Flies. Successful fly control begins with good sanitation
practices. Fly breeding areas should be eliminated as much aspossible. Broken eggs, decaying vegetable matter, waste feed,
and manure are probably the most common materials used by flies
for breeding. Keeping the moisture in manures as low as possi-
ble, ren':.ing broken eggs from manure, and keeping areas around
the polLtiy hou:Le cdean and neat will discourage fly breeding.
"Dry" is tile ,o:rd. ii. you cna manage it. If not, then chemicals
will help yoL.

Less fly problems are encountered when flush systems with
lagoons are properly used because the fly's life cycle is effect-
ively broken.

Using residual sprays for adult fly control by spraying all
walls, rafters, ceilings and other surfaces where adult flies
tend to rest is an effective means of control. Spraying shouldbe repeated at 2- to 3-week intervals or as needed to control
adult flies.

When a rapid kill is desired, a space spray such as dichlor-
vos (Vapona), naled (Dibrom) or Pyrethrins should be used. This
may be applied as a fog or mist with birds present.

Poison baits have been used successfully by many poultry
producers to control adult house flies in aMd around buildings.
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Normally, the baits are used with other chemical treatments such
as residual surface sprays, but occasionally they bring satis-
factory results when used alone. As with all chemical controls,
the poison baits should be used in combination with good sani-
tation and manure management practices if best results are to be
obtained.

The success of baits against the house fly depends on their
proper use. Dry baits should be scattered in dry places where
flies rest, such as aisles, floors and window sills. It is best
to make daily applications of 3 to 4 oz dry and 1 to 3 gal liquid
per 1,000 sc.1 ft until fly population are reduced. Then weekly
applications are made as needed. Liquids can be applied by brush
or a sprinkling can to fly resting sites. The baits should be
applied to clean surfaces such as sheets of metal, wood or burlap
sacks rather than directly onto manure or debris. Liquids can be
dispensed effectively with a chicken watering device modified by
inserting a cellulose sponge in the trough to prevent clogging by
dead flies.

Best pest control is usually obtained when residual sprays
and dry baits are used at the same time. Sprays and baits should
be used all year round as needed to prevent heavy buildup in the
spring.

It is preferable to use larvicides as spot treatments only
to kill fly larvae that develop in wet areas of the droppings.
Overall treatment with liquid larvicides on a regular schedule is
not recommended because they are of questionable effectiveness,
increase chemical resistance, destroy beneficial mites and in-
sects in manure, add moisture to the manure, and are costly.

DO NOT USE LARVICIDE IN MANURE WHEN A LAGOON IS A PART OF
THE WASTE MANAGEMENT SYSTEM.

The insecticides used in baits are poisonous to both man and
animals. Protect your hands with rubber gloves when mixing and
applying the baits. Be sure the baits are placed where the birds
cannot reach them and equipment, feed and water are not contamin-
ated. STORE ALL INSECTICIDES UNDER LOCK AND KEY.

For up-to-date legal recommendations on chemicals to use,
contact your county extension agent.

Lagoon Mosquitoes

Heavy populations of mosquitoes sometimes develop in animal
waste lagoons. These mosquitoes need the protective vegetation
along the shoreline for egg laying and survival of their young.

To help eliminate mosquito problems, remove the marginal
vegetation including any flooded plants. Rake dead vegetation
and debris away from the edge of the lagoon. Vegetation can be
physically removed or killed with an approved herbicide. For
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emergency control, apply sprays of Flit MLO at 5 gallons per acre

or Number 2 fuel oil at 10 gallons per acre.

ECONOMICS

If a producer is to make a rational choice among the various
waste management systems, he must compare costs of these systems
and estimate the value of the waste in a cropping program. Be-
cause each situation is different, no one "best" system can be
suggested. Each producer must make his own comparisons.

Each producer must start with his present situation. A pro-
ducer who is constructing new housing can simply compare the
total annual costs of various waste management systems and weigh
these costs against the environmental desirability and manure
value for each system, realizing the limits upon the capital
which he can invest.

Typically, however, a producer with functional existing
houses finds that he may have to change his waste management sys-
tem because of legislation, labor scarcity, or limited land on
which to apply the manure. In this case, the producer will want
to look at the net income effect of switching from his present
system to another. The calculations involve adding the various
additional annual costs associated with the switch.

Two types of costs are involved in any waste management sys-
tem. They are ownership or fixed costs and variable or operating
costs. Both fixed and variable costs should be considered in
selecting the waste management system for a specific poultry op-
eration. Annual ownership costs are depreciation, interest on
investment, insurance and taxes. Variable costs are for such
items as fule, labor, repairs and any other out-of-pocket costs.

Annual depreciation is determined by dividing the original
cost of the waste disposal system by the expected years of life
for that sysLem. Interest is computed at one-half the rate of
interest paid. This is for intermediate (up to seven years) or
long term credit. If a person is paying 8 percent interest on an
investment that is rep-.,.d over several years, on the average he
will pay approximately 4 percent per year on the original invest-
ment. Insurance should be shown at its actual cost. Taxes will
vary among counties; depending on the tax rate and value for tax
evaluation.

In choosing a waste management system, the poultry producer
should first select the ones that will handle his situation. If
only one system is belived suitable, then the only thing to de-
termine is can he afford to continue producing poultry with the
added costs incurred in the waste management system.

Should two or more of the systems be suitable, the producer
should then itemize both the annual fixed costs involved in each
system and the annual variable or operating costs. The system
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with the least annual total cost should be selected assuming that
either system being considered will adequately handle the amount
of waste produced.

The value of poultry manure has been reported to range from
$5 to $26 per ton, depending upon handling practices and other
factors. This value and the cost of fertilizer to replace the
manure must also be considered in selecting a waste management
system.

Table 11 lists the estimated initial investment and annual
costs for each alternative waste management system. It is based
on a flock size of 25,000 caged layers. The depreciation is 10
years for equipment and 20 years for structures. Tl,, interest is
the initial cost times 4 percent; the insurance, initial cost
times 0.5 percent; and taxes, initial cost times 0.3 percent.
Only those components that comprise a system under each alterna-
tive should be used when making comparisons.

APPENDIX I
Lagoon Design for 25,000 Birds

The tentative guidelines approved by the North Carolina
Board of Water and Air Resources set the minimum volume per bird
at 30 cu ft. For 25,000 birds, 750,000 cu ft of storage must be
provided in the lagoon. If the depth is 10 ft, the average area
(area at one-half the depth) is 75,000 sq ft (750,000 cu ft - 10
ft). If the average width is chosen to be 150 ft the average
length would be 500 ft (75,000 sq ft -t- 150 ft). Therefore a
lagoon with 3:1 sie and end slopes will have the dimensions as
shown in Figure i.

For other depths and widths, the procedure for sizing would
be the same as outlined in this example.
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Table 11. Estimated Cost of Poultry Waste Management Systems
Based on a Flock Size of 25,000 Caged Layers

Estimated Cost
(Spring 1973) Your Cost

Initial Annual Initial Annual

System I
Concrete manure pits 4,000 392.00
Pit scraper, conveyor 6,084 900.43
Tractor scraper, 12 hp gas 1,200 177.60
Front end loader 500 74.00
Spreader, 180 bu 1,400 207.20
Tractor, 55 hp diesel 6,200 917.60
Truck spreader, 2 ton 5,450 806.60
Labor 1,000.00
Repairs
Fuel and Electricity

System II
Concrete manure pits 4,000 392.00
Lagoon, 750,000 cu ft 8,000 784.00
Farm wagon 350 51.80
Irrigation system 6,000 888.00
Tractor, 35 hp gas 4,300 636.40
Agitator pump 1,900 281.20
Tank spreader 2,100 310.80
Tractor, 55 hp diesel 6,200 917.60
Labor 450.00
Repairs
Fuel and Electricity

System III
Pit scraper 6,084 900.43
Storage tank, 4800 gals 640 62.72
Agitator pump 1,900 281.20
Tank spreader 2,100 310.80
Tractor, 55 hp diesel 6,200 917.60
Tank and soil injector

(800 gals) 2,555 378.14
Labor 550.00
kcpairs
Fuel and Electricity

System IV
Concrete manure pits 4,000 392.00
Lagoon, 750,000 cu ft 8,000 784.00
Aerator
Farm wagon 350 51.80
Tractor, 35 hp gas 4,300 636.40
Irrigation ssytem 6,000 888.00
Labor 450.00
Repairs
Fuel and Electricity
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PREFACE

The satisfactory disposal of industrial effluents is a major
problem causing growing concern to public health authorities.
Direct discharge of wastes into watercourses may deplete dis-
solved oxygen, destroy aquatic life, and make the stream unfit
for community water supply and other beneficial uses. On the
other hand, the discharge of some industrial effluents into muni-
cipal sewers may have damaging effects on sewe(rs or overload the
sewage treatment works. Public health authoricies are also aware
of possible long-term physiological effects (if some new organic
chemicals which are found in industrial effluents, many of which
are not removed by conventional treatment processes. Highly per-
sistent detergents, pesticides and other toxic wastes have become
serious problems in developed countries and will in time present
a similar threat to developing countries.

In the developing countries the situation is particularly
serious in view of the scarcity of qualified professional person-
nel (sanitary engineers, chemists and biologists), analytical
laboratories, and finances for planning and operating industrial
wastes control programmes. It is important to consider the pro-

blem not only as it is at present, but also in the light of ex-

pected population increase, and of urban and industrial growth.

Early government action is required for determining the extent of

the problem and for planning and implementing efficient measures
for the control of industrial wastes discharges.

This is one of a series of documents prepared by theWorld

Health Organization covering the most prevalent industries in

developing countries. The objective of these guidelines is to

assist the responsible staff of health agencies and of other

regulatory authorities to carry out surveys, interpret laboratory

findings, advise industries on inplant remedial measures and dis-

posal of wastes, and make recommendations concerning acceptance

of wastes into municipal sewers. The first document in this

series described the problem in general terms, and advised on how

to carry out furveys and institute programmes of industrial

wastes control. The guidelines dealing with wastes from speci-

fic industries cover a description of the manufacturing process,

with flowchart, the quantity and characteristics of wastes in-

cluding health hazards, reclamation and recycling practices,

methods of treating and disposing of wastes, suggestions for sur-

veying and appraising existing facilities, and selected refer-

ences to the literature.

It is planned to revise and update the documents from time

to time by including information on new processes and procedures

with special reference to experience in developing countries.

Information and suggestions in this connexion will be welcomed by

the Organization.

iDocument WHO/WD/70.6.
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1. INTRODUCTION

Any discussion of water pollution problems arising from
livestock production activities must proceed with caution to
avoid the possibility of seriously misleading the reader. This
can be attributed to the fact that there are radical variations
in wastes characteristics among different types of livestock op-
erations, and even greater differences in actual water pollution
impacts and potential beneficial values of the wastes under dif-
ferent local circumstances.

It has been pointed out (Loehr, 1969) that animal wastes
often have been recycled to the soil with minimum release to the
aquatic environment. In its simplest form, livestock production
can be based upon allowing animals to obtain their food supply
from fields and discharging their wastes directly on to the land.
With relatively low livestock population densities, little or no
waste escapes the land to enter receiving streams and the water
pollution potential is very low, or zero. At the other extreme,
confinement of thousands of animals in a feedlot for final fat-
tening before slaughter causes production of livestock wastes far
in excess of amounts which can be absorbed by the small land
area. Under these circumstances very serious stream pollution
problems may be caused by discharge of the animal wastes, espe-
cially in heavy rainfalls.

In many areas of the world, accumulations of livestock
manure are a valuable resource of humus and fertilizer and are
carefully spread on land to increase crop production. In other
areas, high labour costs make it unattractive to distribute
manure on land because requirements can be satisfied more econom-
ically with chemical fertilizers.

These extremes illustrate that it is difficult, if not im-
possible, to make sweeping generalizations about livestock
wastes. Also, they may help the reader understand the risk in-

Yolved in attempting to assess the water pollution impact of ani-
mal wastes through examining total production of various types of
farm animals and unit loadings expected from each to give a total
pollution load from this industry. It has been pointed out (U.S.
Federal Water Pollution Control Administration, 1970) that in
many reports that approach has produced gross figures for animal
waste production of startling magnitudes, which may serve no real
purpose and actually mislead the reader. This could produce an
adverse reaction by causing the reader to conclude that the data
are too absurd to warrant serious consideration.

Another important point related to interpretation of data
and development of solutions for animal waste disposal problems
is that too seldom has it been recognized that these wastes dif-
fer from each other and from various types of municipal and in-
dustrial wastes for which treatment technology has been devel-
oped. Thus, some efforts to solve the problems have failed be-
cause wrong approaches were utilized, or wrong design parameters
applied to what might have been the correct approach.
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2. LIVESTOCK PRODUCTION

The types of livestock production activities, their organi-
zation, and magnitude vary radically among the many countries of
the world, but some general types of production are common to
many regions. The major categories might be considered profit-
ably by viewing, briefly, components of livestock industry as
presented by authors of a recent United States of America report
(U.S. Federal Water Pollution Control Administration, 1970) and
summarized in Table 1. The livestock industry in the United
States of America is considered to consist principally of pro-
duction of four major types of animals - cattle, poultry, swine
and sheep, some of which should be sub-divided in evaluating
water pollution potential.

The "beef cow" group is that segment of the cattle industry
devoted principally to production of calves on range land. Be-
cause the success of this type of operation depends upon an ade-
quate supply of grass, the animal population is retained at a
density ensuring good utilization of the land, but low enough to
avoid damage to the grass crop. The low animal density and tend-
ency of grasslands to retain their wastes result in a very low
water pollution potential by this type of operation.

Cattle for human consumption usually are fattened either by
grass feeding or on feed concentrates, such as corn and other
products with minerals and varioL.s components added to the ani-
mal's ration to produce a high rate of weight gain. Those fat-
tened on grass under range conditions have very little water pol-
lution potential, as noted above for beef cow production, because
animal population densities are maintained low enough to preclude
damage to the grass crop. This density level also usually pre-
cludes significant discharges of pollutants into streams.

Accoirdingly, many cattle make little or no contribution to
stream pollution. Those which contribute usually do so because
of high population densities in fattening operations, commonly
carried out using concentrated foods with animals confined in
feedlots. In the United States of America, these operations are
numerous (208 596 in the year 1968) and caused serious water,
land, and air pollution problems by the 23 million head of cattle
handled in 1968. It is this category of United States of America
beef cattle operation which attracts the greatest attention and
which wilI require -che greatest effort for solution. Parallel
situations can be found in some regions of most other countries
of the world.

The dairy cattle industry, of course, is concerned with the
same general type of animal but has somewhat different water pol-
lution potential and operating criteria. Dairy cattle have very
different geographic distributions throughout the country and
feeding programmes for these animals differ from those for fat-
tening beef cows. Also, criteria relative to the products are
very different fundamentally. Accordingly, there are many simi-
larities, but also several differences, in character of waste
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handling operations in the dairy industry.

Many cow milking operations employ water-flush systems, used
for washing down animals before milking and to clean up after
milking. Wastes derived from these operations usually include
flows used to clean utensils, pipes, and other equipment, whether
or not water-flushing systems are employed for carrying away
wastes from stalls in which the cows are kept. In some installa-
tions, the animals are confined on sloping concrete floors
arranged to ensure that wastes will be dropped where they can be
readily flushed away. This flow can produce very severe pollu-
tion loads if discharged untreated from large dairy operations
into watercourses.

Water-flushing systems also are readily adaptable to swine-
raising facilities. Frequently, the barns may be equipped for
direct drainage of floors into collecting gutters during flushing
operations, making the general character of problems arising from
swine barns very similar to those encountered in the dairy indus-
try, except for differences in waste water quality characteris-
tics.

Many sheep are raised on ranges. Accordingly, there may be
relatively little water pollution problems arising from produc-
tion of these animals. Little information has been collected
concerning water pollution impact of sheep raising operations in
the Unitea States of America (U.S. Federal Water Pollution Con-
trol Administration, 1970).

Waste production and handling problems arising from chickens
grown as broilers or layers (egg producers) are similar. Many
poultry enterprises have water carriage systems to remove wastes
from cages or pens in which the birds are raised. These were de-
vised to minimize labour required to clean the pens and may cre-
ate serious water pollution problems. In arid areas, a system
based on taking advantage of natural drying conditions may be
preferable to water carriage. Currently, several water manage-
ment techniques are applied to wastes from poultry enterprises.

The production of ducks may present problems of very differ-
ent complexion because, typically, the birds are raised near
flowing water which aids in development of desirable feathers and
carriage of wastes discharged directly into the stream. In addi-
tion to more or less uniform discharge of wastes by the ducks
directly into the watercourse, slug discharges also are encoun-
tered during rainstorms. Although duck-raising enterprises do
not represent a major national problem in the United States of
Amezica, there are very serious local problems arising from this
type of operation.

3. QUANTITY AND CHARACTERISTICS OF WASTE WATERS

In those few operations using water flushing systems for
management of animal wastes, it is feasible to establish a mean-
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ingful estimate of expected flows. For examplJ, flushing opera-
tions for carrying manure and debris from dairy barns may use as
much as 50-60 US gallons (190-230 1) of water per day per cow, or
as little as 20 gallons (75 1) per day per cow where special care
is exerted to minimize usage. However, the origin of these
wastes indicates that such instances are the exception rather
than the rule. More frequently, the wastes do not enter the
water cycle at all but are removed and disposed in dry or semi-
solid form, using techniques appropriate to solid waste systems
instead of waste waters.

Waste waters reaching streams may be due to rainfall and
run-off from areas receiving discarded solid wastes or from feed-
lots directly. In this type of situation, the pollution poten-
tial of a livestock production operation is influenced heavily by
its location relative to watercourses, the type of terrain on
which the operation takes place, and local climate, especially
rainfall. The amount of flow involved is of relatively less
importance because the critical factors are suspended materials,
organics, nutrients, and other pollutants carried into the
stream, which are not directly due to rainfall.

Accordingly, it is clear that it is not feasible to relate
pollutional potential of livestock wastes with flows as is fre-
quently done for municipal sewage, in which substantially all of
certain wastes from the tributary population are carried in the
system. For this reason, and because of differences in wastes
from various types of animals, livestock wastes usually are re-
ported, summarized, and discussed in terms of unit loadings for
each type of animal.

Differences in wastes among the various types of animal may
be attributed to ranges in size, diet, and metabolism. Swine
have single stomachs and tend to produce faeces and urine similar
to those from humans. The types of diet consumed by swine and
poultry are much more digestible than those of some other types
of livestock, causing relat'vely small amounts of excreta. On
the other hand, ruminants, such as cattle, have digestive systems
capable of utilizin cellulose. Because some compounds accompany-
ing cellulose consumed by the animals (such as lignin) are diffi-
cult to digest, these types of animals produce relatively large
amounts of wastes having very different composition from those
produced by the single stomach species. Thus, one must not
assume that data collected for one type of livestock will apply
to other species, or that studies relating to human wastes would
apply to animal wastes as well (Loehr, 1969).

It has been demonstrated (Mills & Parker, 1967) that wastes
from differenc classes of animals may have very different charac-
teristics. The composition of animal manure depends upon digest-
ibility, protein, and fibre content of the ffed, environment of
the animal, and feed additives. Generally, those receiving con-
centrated foods for fattening or work may have a higher pollu-
tion potential than wastes from grass-fed animals. Twenty to 30
percent of the solid wastes consists of undigested food and
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bacterial cells. Over 25 percent of the organic manure is humus,
similar to.that-insoil(Loehr,- 1969)...

Variations in character of wastes with types of animals,
their environment and type and quantity of feed indicate that
waste discharges per unit of production should vary radically in
different areas of the world, and even under different circum-
stances in the same country. Loehr (1969) states that it is dif-
ficult to correlate published data because investigators use dif-
ferent units and do not measure the same parameters in all
studies. Tables 2-6 summarize data abstracted by him from publi-
cations of several investigators concerning physical and chemical
characteristics of various types of animal wastes.

Many authors have used such data to calculate waste loadings
from various types of animals in terms of human population equiv-
alents. This approach is valid where it is desired to evaluate
impact of livestock waste from a. "point source", such as a dairy
or swine barn with wader-carriage system. Loehr (1969) has sum-
marized "population equivalents", based on BOD, total solids, and
nitrogen for chickens, swine, dairy cattle and beef cattle. He
points out that use of these values to estimate overall stream
pollution by livestock is questionable because most animal wastes
are discarded on land directly by the animal or through spread-
ing. Also, substantial variations exist in "population equiva-
lents" of any specific type of animals under different conditions
of feed, environment, etc.

Livestock wastes may create a wide variety of water pollu-
tion problems, depending upon circumstances attending their dis-
posal. Examination of data especially in Tables 6 and 7 indi-
cates that the wastes can carry very substantial contributions of
organic substances capable of causing oxygen depletion in
streams. Also, they may contain high concentrations of coliform
bacteria, suspended solids, and nutrients. In some areas of the
United States of America, for =example, high coliform concentra-
tions have made it necessary' .o prohibit taking shellfish from
beds near duck farms (Davis et al., 1966). Also livestock opera-
tions have caused undesirable aesthetic effects and objectionable
growths of algae and aquatic plants because of nutrient contribu-
tions.

Run-off from cattle feedlots has caused serious pollution of
streams, by high concentrations of bacteria, BOD, suspended
solids, and ammonia nitrogen, and has led to large fish kills.
For example, Miner et al. (1966) reported concentrations in
feedlot run-c ff of 1.0-140 mg/l amihonia, 1400-12 000 mg/l sus-
pended solids and COD levels of 3000-16 000 mg/l. Other investi-
gators have reported even higher concentrations (Loehr, 1967,
1969).

Many infectious diseases are common to man and other animals
and it has been stated that over 100 diseases of animals may be
transmitted to man (Decker & Steele, 1966). The same author re-
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ports that the most significant pathogens include several types
of salmonella; bacteria causing staphylococcal and streptococcal
infections, tetanus, tuberculosis, brucellosis, leptospirosis;
pathogenic fungi, and the rickettsia causing Q fever. Diseases
which have been considered of great importance include anthrax,
salmonellosis, which may be conveyed by water, tuberculosis,
brucellosis, leptospirosis, and tularaemia. The parasitic
disease trichinosis has been a problem in many areas of the
world. In several countries its incidence has been reduced by
eliminating the practice of feeding raw garbage to swine and by
improved cooking of pork. The role of animal wastes in transmis-
sion of viral diseases is less well understood than for bacterial
diseases, but their importance in reproduction of insects which
are vectors of many viral diseases is well known (Gibson, 1966,
1967; Hibbs & Foltz, 1964).

A very bothersome aspect of bacterial pollution by animal
wastes is related to high coliform concentration frequently pre-
sent in such discharges. Coliform bacteria are used as an index
of water quality. Thus, discharge of large numbers into water-
courses from livestock wastes could create serious problems in
evaluating downstream water quality because coliforms from these
wastes do not carry the same implications for health as do coli-
forms originating in sanitary sewage. Because the quality of
water, its suitability for a potable supply, and the degree and
type of treatment required must be determined to a significant
extent on concentration of these organisms, presence of large
numbers of coliforms from livestock operations could lead to
erroneous interpretation of water quality data (Geldrich et al.,
1962).

Other problems associated with animal wastes include produc-
tion of large numbers of flies and, sometimes, intensive odour
problems. Waste waters from livestock operations also may be
highly coloured, causing problems for downstream users (Loehr,
1969; Anderson, 1966).

4. RECLAMATION AND RECYCLING

When the population density of cattle can be maintained at a
low level on grasslands, their wastes are returned to the soil
directly in a most elementary form of reclamation and recycling.
In other instances, it often is feasible to collect animal wastes
in dry or semi-solid form and to distribute them on land manually
or with the aid of mechanical spreaders. This involves a sub-
stantial amount of labour and is losing favour in many industri-
alized regions of the world where labour costs are high and chem-
ical fertilizers of equivalent strength may be applied much more
economically. On the other hand, in many countries it remains
the most reasonable method for solving animal waste problems and,
further, the wastes constitute a valuable resource for improving
productivity of the land.
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It should be noted here that where pollution control is
being pushed vigorously, the addition cost of treating liquid
livestock wastes before release should be considered in evalu-
ating economic feasibility of land disposal, whether of dry or
liquid wastes.

Since characteristics of animal wastes depend heavily upon
the type and quantity of feed consumed, it might be desirable,
from a waF -e abatement point of view, to reduce quantities of
non-digestible materials in animal feeds, as well as excess feed
which may be supplied for rapid gain of weight. This approach
has not received major attention and, undoubtedly, would meet
with esistance from many livestock producers who usually are
concerned principally with obtaining maximum weight gain in the
shortest possible period of time.

In summary, reclamation and recycling in this industry some-
times may be approached through keeping animal population densi-
ties low enough to ensure assimilation of wastes discharged di-
rectly on to the land. Obviously, this is not always feasible
because frequently the animals must be concentrated into small
areas to enhance economy of feeding operations or to hold animals
for killing or milking. Under those circumstances, water pollu-
tion problems may be minimized by avoiding water carriage of
wastes, if local economics permit. Removal of dry wastes for
application to land, taking care to minimize removal by run-off
into watercoui-ses, often is desirable as a means of reducing
water po'tlt -Lull problems.

Another method for recycling which has received considerable
attention involves the reuse of some animal wastes as part of the
feed for othcL- animals of the same species, or different types of
livestock. For example, chicken faeces, which are highly concen-
trated, have been proposed as part of the feed for chickens,
dairy cattle, beef animals, and sheep. Investigations indicate
that the mil.k or meat produced is not significantly different, as
long as the maLerial is properly dried and represents only part
of the diet (A' nthoniy, 1966; Fontenot et al., 1966; Loehr, 1969).

5. TREATMENT AND DISPOSAL OF WASTE WATERS

The first- line of defense against water pollution problems
arising from animal wastes lies in prevention by minimizing con-
tact between the wastes and water. Another method for accom-
plishing this is to cover feedlots to reduce run-off. This has
proven feasible in many operations involving dairies or produc-
tion of hogs or chickens. As pressures for rmore rigorous stream
pollution control increase, the number of facilities in which it
will become feisible to resort to covering feedlots to reduce
pollution problems, as contrasted with treatment and disposal of
liquid wastes, should increase sharply.

Under rci:mstances where animal wastes must be handled in
liquid form many treatment processes can be considered, but few
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have been evaluated rigorously to determing appropriate loading
criteria or performance. It must be emphasized that criteria
applied for treatment of municipal waste waters will not neces-
sarily be appropriate for livestock wastes.

Processes which have been investigated include anaerobic
digestion of wastes containing high concentrations of solids and
BOD. This technique often could be used successfully with
several types of animal wastes, but the effluent usually would
require further treatment before discharge into receiving waters.
In some investigations, difficulties have been encountered which
are not normally observed in anaerobic digestion of sewage sludge
and caution must be exercised in applying the process to some
types of livestock wastes.

Aerobic treatment of wastes can be applied, if adequate oxy-
gen transfer into solution is provided. This usually requires
detention periods of many days, because of high strength of the
wastes. This approach also has been extended to further treat-
ment of effluent from anaerobic treatment units (Scheltinga,
1966).

Oxidation ponds may be employed at loadings of 30-50 pounds
of BOD per acre per day (Loehr, 1969). However, the very high
BOD of livestock wastes indicate that extremely large areas would
be required. Loehr (1969) gives an example of a unit for 1000
head of beef cattle which would require 20 acres of pond. Other
approaches which have been investigated include aerated lagoons
and Pasveer, or oxidation, ditches (Scheltinga, 1969).

Anaerobic lagoons are potentially promising for treating
concentrated animal wastes because of high BOD and the fact that
this type of unit can provide treatment and simultaneously help
in controlling run-off from feedlot areas or serve as a holding
basin prior to land disposal. Effluent quality from an anaerobic
lagoon receiving livestock wastes usually is poor (300-1500 mg/l
BOD and high in solids and nitrogen). Thus, additional treatment
probably would be required in most instances before discharge to
a receiving stream (Curtis, 1966; Loehr, 1969).

Spreading on land has been the usual method for disposing of
solid wastes and also frequently is appropriate for liquid live-
stock wastes, with care to avoid run-off from the disposal area
into receiving streams. This approach also allows recovery of
nutrient content of the waste waters. Land disposal systems
usually are based on using liquid holding units for equalization
of waste flows and for storage during periods of adverse weather.
It had been suggested that the lagoons or holding L.-anks provide
at least two months capacity, although that design parameter
obviously would be subject to local circumstances (Tietjen, 1966;
Loehr, 1969).

Other approaches which have been suggested and investigated,
but not used extensively, include incineration, drying, compost-
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ing, vacuum filtration to reduce the volume of dilute poultry
manure, dewatering of slurries froir dairy operations on dryingbeds, use of lime and chlorine for -reatment of hog wastes, andtrickling filters (Loehr, 1969; Sobel & Ludington, 1966).

6. SURVEY ANJD APPRAISAL

Loehr (1969) has pointed out that some of the traditionalanalytical techniques, such as BOD, COD, and suspended solids,commonly used to evaluate pollution potential of waste waters areof less value with animal wastes. The latter are highly concen-trated and require many dilutions before the standard waste wateranalytical techniques can be applied. Also, many livestock
wastes may contain antibiotics and metals fed to optimize growthand minimize losses of animals. Those constituents can interferewith some of the analytical techniques. Another problem is thatrepresentative sampling of the wastes is very difficult becausethey are highly concentrated, often solid, and heterogeneous in
nature.

Several problems concerned with evaluating the water pollu-tion impact of these wastes have been discussed. Basic charac-
teristics vary considerably from species to species of animal and
also show extensive variability within each species, dependingupon nature of feed, quantity of feed, environmental conditions,
and other factors such as local climate which may lead to varia-tions in run-off. Under some circumstances wastes from livestock
operations can have exceedingly great pollution impact, while
under other conditions there may be virtually no water pollution.

Even without detailed information to that effect, it is cer-tain that water pollution impact by livestock wastes varies radi-cally in different countries of the world, and among many regionsof any given country. In the opinion of this writer, it would beeven more risky than with most industrial wastes to attempt togeneralize on the pollution impact of these wastes or on thetypes of treatment processes best suited for solving livestock
wastes problems in different countries.

These circumstances indicate clearly the desirability ofsurveying and evaluating individual problems independently, asmay be appropriate. To that end, data or other information incurrent literature will be valuable principally as aids in de-signing the programme and to identify types of investigations
which should be conducted in each individual instance.
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TABLE 1

MAJOR COMPONENTS OF LIVESTOCK INDUSTRY
(After: U.S. Federal Water Pollution Control Administration, 1970)

1. Cattle

A. Beef cows (calf production)

B. Cattle fattening

(1) Grass fattened

(2) Concentrate fattened (feedlots)

C. Dairy cattle

2. Poultry

A. Chickens

(1) Broilers

(2) Layers

B. Ducks

C. Turkeys

3. Swine

4. Sheep
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TABLE 2

CHARACTERISTICS OF ANIMAL WASTES
(Taiganides & Hazen, 1966)

Item Chickens Hogs Cattle

Animal size, in 4-5 100 1000
pounds

Wet manure, in
pounds per day 0.12-0.39 2.8-9.5 38.5-74.0

Total solids,
percentage,
wet basis 25-48 12-28 13-27

Total solids, in
pounds per day 0.05-0.10 0.8-1.6 9.5-11.4

Volatile solids,
percentage,
dry basis 74-79 83-87

Nitrogen, in
pounds per day 0.0012-0.0057 0.042-0.060 0.35-0.44

P 20 in poundsr day 0.0010-0.0045 0.029-0.032 0.11-0.12

K20, in pounds
per day 0.0005-0.0019 0.034-0.062 0.27-0.34
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TABLE 3

CHARACTERISTICS OF LIVESTOCK WASTE*
(Hart, 1960)

Dairy Beef
Parameter cattle cattle Poultry Swine Sheep

Animal weight, in
pounds (kg) 1400 (635) 950 (431) 5 (2.3) 200 (91) 100 (45)

Manure production,
in Subic feet
(dm ) per day 1.3 (36.8) 1.0 (0.3) 0.0062 (0.175) 0.28 (7.93) 0.11 (3.11)

Manure density, in
pounds per Subic
feet (kg/dm) 62 (0.98) 60 (9.96) 60 (0.96) 62 (0.98) 65 (1.04)

Moisture, as a
percentage 85 85 72 82 77

Nitrogen, as a per
cent. of dry
solids 3.5 3.1 5.4 3.3 5.4

*Fresh mixed manure and urine.



TABLE 4

NUTRIENTS IN ANIMAL WASTES
(Baines, 1964)

Parameter Dairy Beef
as % of slurry cattle cattle Hogs Poultry

Nitrogen (as N) 0.13-0.42 0.24-0.60 0.3-0.9 0.41-1.7

Phosphorus (as P) 0.06-0.09 0.09-0.25 0.2-0.6 0.30-1.5

Potassium (as K) 0.13-0.30 0.14-0.28 0.2-0.4 0.13-1.25

Parameter
as % of dry solids Cattle Hog Sheep Horse Hen

N 0.3-1.3 0.2-0.9 0.9 0.66 1.8-5.9

P205 0.15-0.5 0.14-0.83 0.34 0.23 1.0-6.6

K20 0.13-0.92 0.18-0.52 1.0 0.68 0.8-3.3
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TABLE 5

CHARACTERISTICS OF ANIMAL MANURES
(Benne et al., 1961)

Moisture, Pounds per ton of manure
as a

percent- VolatileAnimal age N P K S Ca Fe Mg solids Fat

Dairy
cattle 79 11.2 2.0 10.0 1.0 5.6 0.08 2.2 322 7

Fattening
cattle 80 14.0 4.0 9.0 1.7 2.4 0.08 2.0 395 7

Hog 75 10.0 2.8 7.6 2.7 11.4 0.56 1.6 399 9

Horse 60 13.8 2.0 12.0 1.4 15.7 0.27 2.8 386 6

Sheep 65 28.0 4.2 20.0 1.8 11.7 0.32 3.7 567 14



TABLE 6

POLLUTIONAL CHARACTERISTICS OF ANIMAL WASTESa
(Loehr, 1969)

BOD COD Nitrogen

pounds pounds
Totalb Volatils per per

solids,b solids, pounds pound Total, Ammonia,
pounds per pounds pounds of pounds of pounds pounds P O

day per per per volatile per volatile per per pgauds
animal day day solids solids day day per day

CHICKENS (4-5 lb)

0.035 0.333 0.93
0.063 0.044 0.015 0.34 0.050 1.14 0.0030 0.0006 0.0026
0.066 0.051 0.015 0.29 0.057 1.11 0.0036 0.0023

0.015-0.032
0.057-0.084 0.006-0.010

SWINE (100 lb)

0.80 0.62 0.20 0.32 0.75 1.20 0.032 0.024 0.025
0.97 0.80 0.43 0.54 0.96 1.20 0.064
0.50 0.35 0.47

0.30 1.56
0.25
0.22 0.07

0.71 0.55

DAIRY CATTLE (1000 Ib)

1.53 0.13 1.57
10.4 8.3 1.53 0.18 8.4 1.00 0.38 0.12
6.8 5.7 1.32 0.23 5.8 1.02 0.37 0.23
7.5 0.44 0.49

BEEF CATTLE (1000 lb)

3.62 3.17 1.02 0.32 3.26 1.03 0.26 0.11
9.00 0.28 1.15 0.26

DUCKS

0.16 0.02-0.04 0.08 0.006-0.0

aMultiple entries in each category represent data reported by different investigators.

bDry solids.

CAs PO 4 .
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TABLE 7

AVERAGE ANIMAL WASTES CHARACTERISTICS
(loehr, 1969)

Pounds per animal per day Per capita equivalent,ab

Total Total
dry Total c dry Total

Species BOD5  solids nitrogen BOD 5  solids nitrogen

Chickens 0.015 0.06 0.003 0.11 0.09 0.11

Swine 0.30 0.90 0.05 1.7 1.7 1.5

Dairy cattle 1.0 10 0.04 8 18 12

Beef cattle 1.0 10 0.30 6 18 9

a Based on average characteristics in municipal sewage: 0.17 pounds

BOD 5 per capita per day, 0.55 lb total solids per capita per day,
and 0.033 lb total nitrogen per capita per day.

bNumber of people equivalent to one animal.

cTotal Kjeldahl nitrogen.
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