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FREFACE

Dr., A. E. Berry,

General Manager,

Ontario Water Resources Commission,
Toronto.

Conference Chairman.

The Seventh Ontario Industrial YWaste Conference
was again sponsored by the Water and Pollution Advisory
Committee of the Ontario Water Resources Commission.

This meeting took place at Delawana Inn, Honey Harbour,
Ontario, on June 5th, 6th, 7th and 8th, 1G60.

The proceedings of this Conference are distributed
as a contribution towards the widespread program for
improving existing methods in industrial waste treatment.
The pavers are printed in the order in which they were
given. A list of those who attended the Conference is
also included. A study of the papers is recommended for
all who are concerned with industrial wastes.

The Water and Pollution Advisory Committee is
grateful to all who contributed in any way to this program
of papers and discussions. It is recognized that these
problems are of great magnitude, and it is gratifying that
authorities in the field are willing to give their time
for the preparation of vapers and presentation of them at
these meetings. The Ontario Water Resources Commission is
rlad to be of service in attacking these problems.

For further information write to:

The Water and Pollution Advisory Committee,
Ontario Water Resources Commission,

Ezst Block, Parliament Buildings,

TORONTO, Ontario.



WASTE DISPOSAL FROM URANIUM OPERATIONS
IN THE ALGOMA VWATERSHED

By
V.R. Dixon, Vice President
H.J. Heinz Company
Chairman,

fession No. 1

K.D. Hester* and G.R. Yourtsx

Rio Tinto Mining Company
of Canada Limited
Management tervices Division

K.D. Hester

* Chemical Engineer ( presented paper)
*% Consulting Engr., Ind. Hyg. and Safety

ABSTRACT :

The Algoma Watershed is delineated. The treatment and
disposal of process wastes from uranium operation in the watershed
is discussed in detail. The effect of process waste disposal on
the water supply system is reviewed.

The health aspects of waste disposal are considered.

The only deleterious effect on the river system from
uranium operations appears to be the increased hardness of the
water, necessitating more chemicals or special treatment for
boiler water feed.



I. INTROLUCTION

1. The Area

The area to be discussed in this paper is vrimarily a section
of the drainage basin of the Serpent River. The drainage basin
lies in Ontario's Algama District, almost exactly half-way
between Sucbury and Sault Ste. Marie. The section under considera-
tion covers an area about 24C soquare miles. It lies between
twelve and twentv-four miles north of Lake Huron, and extends
about twentv miles east from the boundary line between the Sault
Ste. Marie and Sudbury Mining Division.

For the last seven years this area has been the scene
of one of the world's great mining developments. It contains
tne world's largest know deposits of uranium and, in spite of
the huge tonnages presently being mined, only a small fraction
of the ore deposits have been treated.

2. History

The first diamond drill went down in the Algoma District
in April of 1953. The drill hole was just off Highway 17, about
half-way between Sudbury and Sault Ste. Marie on a property called
Peach Uranium Mines. This drill hole eventually became the basis
for the Pronto Uranium Mines property, about fifteen miles east of
Blind River.

After this drill hole had proved the existence of
comnercial grades of uranium ore, the famous Algoma District
"back-door staking bee" was organized in May, June and July of
1$53. Duriig this time, approximately 1,4(C claims (about
56,(LC acres) were staked in the area being considered. These
claims were on the radioactive pebble conglomerate outcrops in
the Algoma District which followed quite closely the Serpent
River system.

As soon as the news of the uranium strike got out in
mid-July 1953, another &,CCC claime were staked in the area. After
many financial transactions, these claims eventually made twelve
uranium mines, feeding eleven uranium mills. The tonnages,
names, start-up dates and several shut-down dates of these mills
are included in Table I-1.

3. The Problem

As indicated in Table I-1, by May of 1958, the residue
from approximately 34,CCC tons of ore per day had to be disposed
of in the tailings areas. The acid consumed in treating this ore
was approximately 8C pounds of sulphuric acid and four pounds of
nitric acid per ton of ore. In general, the treatment employed
ie to nesutralize the acid with lime, and settle the solids in
darmed areas, allowing only the clear neutral overflow to enter
the river system. About 1,5(C tons of acid had to be neutralized



every day after May of 165¢. A total of approximately 17C,CCC tons
of water §er day wae required for the treatment of this ore or about
25,C0C gallons per minute. These figures delineate the magnitude

of the problem of waste disposal and water supply in the uranium
operations in the Algoma watershed.

L. Pronto Systenm

Pronto Uranium Mine is only one mile from the
highway and is not connected with the water source for the other
rlants. It had a corpletely separate waste disposal problem to
any other of the mills. The original design of the system was
to pick up water in one arm of Lake Lauzon to feed the mill
and the townsite, and discharge the tailings through the tailings
pond area to another arm of the lake. This meant that Pronto was
really circulating the water through a giant settling basin, acidi-
fying it and neutralizing it in the mill, and then returning this
water with its high contents of salts to a reservoir for re-use.

£. Elliot Lake Ares

The main disposal problem, however, was in the northern
csection where the ten other mille were built. These mills were
all considerably larger than Pronto and the treated licuid wastes
from all of them drained into the same river system, the Serpent
River. From the terpent River also, the feed water for the town-
sites, the mills and the boiler plants was taken.

The magnitude of this disposal problem was recognized
long before the first mill started up, and in October 1656
representatives from all the mines in the area were called together
by the Honourable Mr. Kelly, then Minister of Mines for Ontario,
to discuss "the domestic and process water supply and the disposal
of their mine tailings and sanitary wastes™. The outcome of
this meeting was a report by R.M. Way and Company, Consulting
Engineers, and a map reproduced in part in Figure I-1 showing the
drainage basins in the area and the proposed tailings disposal
areas.

The map indic~tes how the mines in the middle belt,
Stanleigh, Milliken, Lacnor (formerly named Lake Nordic) and
Algom Nordic would receive and recirculate water containing the
dieposal materials from all the mines in the top section. The
townsite of Elliot Lake has been isolated as much as possible

from contamination by the disposal effluent from the uranium
mines.

6. Elliot Lake Area - Disposal

Algom-Quirke at the head waters of the system, is
in the most favourable position of all the mines. Originally
Quirke obtained its process water from the Serpent River.
Later a pump house was located in Dunlop Lake, and this is the
present source of its water.
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The tailings overflows from Quirke, Denison, Spanish
American and Panel all drain into Quirke Lake. Here they are
diluted by the full flow of the Serpent River and carried down
along this stream through Kindall Lake, Whiskey Lake, the north
side of the east arm of Pecors Lake then out through the
south side of the east arm and south towards Lake Huron.

The disposal from Can-Met and Stanrock is carried down
through Half-Moon Lake, May Lake and Hough Lake into the north-
west arm of Pecors Lake. The disposal from Stanleigh and Milliken
flows through Crotch Lake, McCabe Lake and into May Lake where
it follows the Can-Met and Stanrock flow back into Pecors Lake.

The disposal from Lacnor and Algom-Nordic flows into
lower Buckles Creek through a drainage system and from there to
Nordic Lake and down through a long series of lakes to eventually
reach the Serpent River and drain into Lake Huron.

The capacities of the tailings ponds vary with the
disposal area considered. The disposal area at Algom-Quirke,
for incstance, was originally designed to take over twenty-five
million tones of tailings. This would be suitable for almost
twenty-five years life of the mine at the 3,000 tons a day rate.

The algom-Nordic tailings area, on the other hand, must
continually be btuilt up by means of dams in order to contain the
necessary tailings. This has been going on since the beginning
of operation. These dams were originally sand and gr-vel, and
were cealed by the tailings themselves. Later, dams were built
by hydrocloning the tailings. The sand is used for the dam, and
the dam then made impervious by the slime overflow.

7. Blliot Lake Area - Water Supply

The water supply for the mines in the top belt,
Spanish American, Stanrock, Can-Met, Denison and Panel comes from
Quirke Lake.

The mines in the middle belt have a more comnlicated
supply prcblem (see Figure 1-2). From the north-west arm of
Pecors Lake a pump station moves approximately 10,CCC gallons
of water per minute into Buckles Creek. The upper water shed
of Buckles Creek is diverted by means of a canal into North
Nordic Lake, then to Westner Lake. Three hundred to four
hundred and fifty million gallons per month are pumped from here
to Dumbell Lake. Pump stations at Dumbell feed Milliken,
Stanleigh and Lacnor, each station pumping about 2,(CO I.g.p.m.
to the mine concerned. Algom-Nordic obtains its water from
North Nordic Lake, although the twenty or so families on the
Algom-Nordic townsite obtain their water from Ryan Lake.

The middle belt is a critical part of the system since
the effluent from eight mines is being treated and returned
to Pecors Lake and is then used again as fresh water in the
preccess. This should indicnte the efficiency of our disposal
svstem, as this lake acts, as Lake Lauzon did at Pronto, as
a giant receiving basin through which the water suprly is
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recirculated. Of course, concsiderabls dilution also occurs here
from stream flows.

11, MILL PROCESSES

1. Plant Flowsheet

The process waste from the uranium operations comes
from several sources. A typical flowsheet is presented in Figure
II-1. The heavy line shows the uranium flow and the light solution
and soclids disposed of or recirculated.

The underground mining operation requires process
water for drilling and for laying dust. This water, plus under-
ground seepages, must be pumped to surface and discarded. At
most plants this is sent to tailings without any further treat-
ment.

The ore is crushed dry using a jaw crusher and
two cone cruchers in series. The cone crusher discharge is
ground wet, first in open circuit rod mills and then either
in ball mills or pebble mills in closed circuit with a mechanical
classifier. Classifier overflow is about 55 per cent minus 20C
mesh. Thie product is settled to about 55 per cent solids in
Dorr thickenere. The thickener overflow is generally returned
to the grinding mills to conserve heat and water. However, some
of this overflow is sent to waste. At one plant, Quirke, mine
water is employed as feed water to the grinding circuit.

The thickener underflow is filtered using a disc
filter and then leached (at about 65 per cent solids) in pachucas
or agitators by sulphuric acid. The acid addition ranges from
55 to 9C pounds of 1CC per cent acid per ton of ore. Live steam
1s used to heat the pulp to between 45°C. and 7C°C. Up to six
pounds per ton of sodium chlorate is re~uired at some mills. The
pulp is agitated by air or by mechanical means.

The leach discharge solution runs about 5C grams
free acid per litre and contains many dissolved salts, mostly
iren and aluminium sulvhates. The acid must be partially
neutralized with sclaked lime to ! etween one and five grams per
litre so that the uranim may be picked up on an ion exchange
resin, In thie pH adjustment step, calcium sulphate is
precipitated as a solid.

The pulpr ie then dewatered in acid thickeners.
Thickener underflow is filter:d and washed twice on drum type
filterc. The cake from the last filter stage is repulped,
generally in water, and goes to waste.

The overflow from the acid thickeners, containing
nearly all the uranium, is clarified and passed through an ion
exchange resin. The passage through the resin removes the
uranium and the waste product is called tarren effluent. This
ie divided into two portion, the "roval barren" and the "waste
barren". The waste barren may be used as a wash on the filtering
stage but the majority of it goes to the tailings neutralization



area. Here lime is added to a pH of about &.C with vigorous
aeration before disposal to the tailings ponde.

The royal barren contains a small amount of uranium and
in many plants this is recirculated. This is generally done
by liming to a pH of about 7.C and returning the liquor to the
neutral thickeners. The solids containing the uranium settle and
the solution overflows to waste.

The ion exchange resin is stripped of ite uranium with
a nitric acid solution. The uranium is orecipitated out in two
stages using lime in the first stage, and either magnesia, ammonia
or caustic soda in the second. The precipitate is thickened,
filtered and sent to a drying plant. The overflow from the
thickener is brought up to the necessary strength by nitric acid
additione and returned to ion exchange. At times it is necessary
to bleed come of the nitrate overflow to maintain a solution
balance in the eluateée circuit, This ies already at 2 pH of 7.C
and is sent out to tailings.

Summarizing then, the material sent to tailings from a
uranium plant concists of:-

(1) mine water,
(2) neutral thickener overflow containing some nitrates,
(3) solids residues from leaching at 55 per cent minus
2CC mesh,
(4) neutralized waste barren, and
(5) intermittent nitrate bleeds from the eluate
circuit.

Partial solution analyses of these materials and
approximate flows for a 3,CCC tons per day mill are given in
Table II-1.

2. Mine Water

In general, the mine water receives no treatment. At
most proverties, the uranium content of this water is low
and the pH about 6.5. Combining this water with the mill tailings
in the tailinges pump box or tailings lines is adequate disposal
treatment.

At Algom-Quirke, this water is employed in the grinding
circuit, because of the relatively high uranium content (C.Cl5
gm/1 U368 or 15 p.p.m.) of the water and the low oH (L.5).

2, Neutral Thickener Overflow

At =some plants, the excess neutral thickener overflow
goes direct to tailings also. This overflow contains some
fine slimes and has a verv low snlt content. At other plants
it is combined with the tailings and goes through the tailings
neutr=lization section.
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4. Tailines Neutralization and Barren Neutralization

At all plants in the area, the acid wastes are
neutralized with slaked lime. The lime is a high calcium type
and is a mixture of shaft and rotary kilned lime. It is bought
as a minus 1-1/2 inch material, and is handled in bulk, being
transported in covered hopper rail cars and trucked to the mill
site in covered trucks.

The discharge from the nlant storage bins is
slaked in Dorr slakers or in ball mills. The slurry from the
lime holding tanks is circulated through a ring main. Automatic
pPH control is used on the lime slurry feed from the ring main.

The two types of tailines treatment used in the
Elliot Lake area are:-

(1) Separate neutralization of barren and solid
tails in agitators, and

(2) Neutralization of the combined barren solids
and barren solution in vpachucas.

Two typical nlants which epitomize the methods used
at the various plants in the area are considered.

In the first case
two separate circuits.

, 2gitators were employed in

The solids, as a 50% to 60% solids slurry are at
a pH of about 3.0. Having been water washed, they contain little
acid and few dissolved salts. They are pumped to a circuit
consisting of three - 18 feet diameter by 20 feet high agitators
in series., In the first agitator, lime is added through a pH
controlled feeder to bring the pH to 5.0. The pH is raised to
8.0 in the second agitator. The *+hird agitator acts as a surge
and is generally nearly empty. Descharge from the third agitator
goes to the tailings pump box.

The solutions, mainly waste barren, contain
considerable quantities of dissclved salts (see Table II-1)
and reauire the majority of the lime. The pH of these solutions
is about 1.7 to l.%. The treatment circuit consists of four
agitators in s eries all 18 feet diameter by 20 feet high.

A manually controlled flow of lime goes to the
first agitator. The pH in the second agitator is increased to
5.0 and controlled there automatically. The pH in the third
agitator is raised to 8.0 and azain the fourth agitator acts as
a surge tank ahead of the tailings box; vizorous aeration
continues in the fourth tank, however.
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Aeration is a most important part of the process.
Gypsum scale builds up quickly on the tanks even when aeration
ie vigorousg, but the build up is exceedingly rapid when no
aeration is employed. For example, at one plant barren and lime
were fed together in a mixing box. This flow (about 4CC I.g.p.m.)
passed through a short piece of eight inch diameter pipe to
the aeration tanks. Within eight hours, the eight inch pipe
was almost completely blocked. Copious aeartion appears to
prevent the supersaturation of the solutions with gypsum, and
therefore at least slows down the gypsum scaling process.

The neutralization reacticn can be followed by
the colour in the tanks. The first two tanks are brownish,
indicating a mixture of calcium sulphate and ferric hydroxide.
The third tank, at pH 8.C is a dark green, showing ferrous
hydroxide precipitation. The surge agitator has brownish
indicAations, showing that the oxidation of the ferrous ion
is nearly complete. The air oxidation of ferrous to ferric
goes on quite rapidly at these high pH's. Contact time for
the whole circuit is between 1-1/2 and 2 hours.

Considerable mechanical problems occurred in
the waste barren neutralization section with this type of tailings
neutralization circuit because of the gypsum scaling noted
2bove. At some milles, also insufficient contact time was provided
in the plants to give complete neutralization at this stage.

The second method of treating the tailings is
to combine both the solutions and solids and agitate them together
in pachucas. This combination cannot be made in agitators
because agitators will not mix very low density pulps. There is
a tendency to sand out and the agitator rakes become stuck. With
the pachuca, however, since air is used for agitation and is
introduced at the apex of the conical bottom, much more dilute
solutions may be thoroughly agitated and so this method can
be used for tailings diesposal.

The pachucas have the additional advantage of
not scaling. Apvarently the ore particles act as nucleii for
the calcium sulphate and thus prevent supersaturation.

At one typical plant, three pachucas in series,
each 15 feet in diameter and 35 feet high with 6(C degree cones
are uced for combined barren and tailings neutralization. The
slurry enters the first pachuca at a pH avcproximately 2.C and is
adjusted to a pH of 6.5 by an automatically pH controlled lime
feeder. The pH electrodes are on the discharge of the tank.

No more lime is added, but the slurry is thoroughly aerated in
the remaining two pachucas. The slurry leaves the mill at a
pH of atout €.5.

Contact time with the 3C% =olids slurry is about
one and one-half hours.
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5. Disposal of Process Waste (Pumping, Dam Feed)

The combined solid and solution tailings after
neutralization collects in a tailings box and is pumped from
here to the tailings disposal area. This can be one to four
stage pumping or even pravity disposal, depending on the
pressures recuired. The pumps are generally rubber lined
centrifugal type. Pipe lines are steel rubber lined, steel,
gr wood stave. The tailings lines may be as long as 7,CCC

set,

As an example, one tailings pump at Algom-Quirke
consists of a 10" x 8" S.R.L.-C. pump run by a 5C horsepower
motor pumping atout 1,5CC U.S. gallons per minute approximately
3,CCC feet through a 1C" tailings line.

6. Reactions During Neutralization

The leaching reactione in the mill and the
chemical reactions in the tailings treatment step determine
what contaminants occur in the water from the tailings ponds.

The leaching reactions dissolve iron and aluminium
from the ore as well as uranium. Nearly all the uranium is removed
on the ion exchange resin. The major dissolved materials
entering the barren neutralization tanks are, therefore,
sulphuric acid, iron and aluminium sulphates, plus some
chlorides and nitrates. The liming stepo is desipned to remove
the iron and aluminium completely, and neutralize all the acid.

The main chemical reactions which occur in the
neutralization tanks are, in chronological order:-

The neutralization of sulnhuric acid by hydrated

lime

(1) Ca(OH), + HpS0, > Cas0, + 2 H,0
The neutralization of the ferric hydroxide,
virtually cormplete at a pH of about 4.C.

(2) FeZ(SOA)3+ 3 Ca(CH)2 Y 2 Fe(OH)3 + 3 CaSOI+
The neutralization of the aluminium sulphate

(3) Al2(S0,)3 + 3 Ca(OH); y 3 CaS0;, + 2 . AL(OH)3
The neutralization of the ferrous hydroxide

0 S0
(4) FeSO, + Ca(OH), > Fe( H)2 § Ca L

This will not be complete until nearly pH ¢.0.
The vigorous aeration of the solutions will,
however, oxidize the ferrous ion to ferric.
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(5) L Fe (80,) o 2 HpSO, + Op——y 2 Fep(50, )3+ 2 HO,
and the ferric sulphate is then neutralized, as above,
at a lower pH. _

Reaction (5? should be completed before the solutions
leave the mill, and therefore vigorous aeration and
contact time are most important in the tails treat-
ment.

Compare reactions Nos.(2) and (4L). In reaction No.
(2), three lime atoms are required for two iron atoms while in
reaction No. (4) only two lime atoms are required for two atoms
of iron. As the ferric iron form is the stable one, if ferrous
iron salts are sent to the tailings ponds and are oxidized to
ferric, a drop in pH occurs, as sulphuric acid is produced.

This will drop the pH of the tailings pond discharge.

III. STREAM ANALYEES

1. Start-up Problems

The effect of a uranium mill start-up on the water-
ched is shown in Figure III-1. This figure illustrates the change
in values of the pH, the total dissolved solids, and the total
hardness occasioned by a mill start-up. These analyses were
run by the staffs of one of the mills. ;

Mill 'A' came on stream in the fall of the year.
The usual start-up troubles occurred but the tailings neutralization
area was operating satisfactorily by approximately March. The
tailings effluent discharged into the Serpent River. The
water came down the river to a pump house and this water was
returned to the mill.

In late May - early June, mill 'B' started up.
The tailings were discharged into the Serpent River through a
temporary settling btasin and affected the water supnrly. The
effect is shown gravhically in the atove Figure. Note the
very ranrid rise of the total dissolved solide and the total
hardness curves. These would rapidly rise to a limit,
depending upon the hardness and dissolved s=olids in the effluent
thrown out and, of course, the diluting stream flow. In approx-
imately the middle of October these values began to improve,
when the permanent disposal area came into operation.

Meanwhile the pH had dropped drastically from
atout 6.4 down to aprroximately 4.5.

Because of this problem, the owner of Mill
'"A' decided to obtain process water from another source.
The change is shown as occuring at the beginning of
November.
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2. Selected Water Analyses

Table III-1 indicatecs selected analyses of waters
taken at various times in the various sections of the area. The
analyses were done by the staff of the Industrial Waters Section
of the Mineral Frocessing Division of the Department of Mines and
Technical Surveys of the Dominion Government. The section is
headed by Dr. J.F.J. Thomas.

We may ccnsider items 1 and 6 as representative
of the virgin water in the area.

The first csample was cut from Lauzon Lake before
any Pronto effluent had gone into it and the Dunlop Lake sample
should not be contaminated in any way since it is at the head
waters of the system.

Items ? and 3 show a prab taken at Lake Lauzon
well down the lake trom the place of entering tailings. There
has been an increase in hardnecss, but the effect is by no means
drastic.

Item 4 is taken from the Pronto mill tao which
draws its water from Lauzon Lake.

Item 5 is an indication of the water now being
taken from Elliot Lake. This was cut from a service station tap.

Item 7 is water from Ryan Lake, which is used by
the Algom-Nordic townsite.

Item 8 is a sample of the water presently being
drawn from Quirke Lake.

Item 9 is a cut from the discharge from Pecors Lake.
As mentioned earlier, this lake received the tailings effluent from
all the plants with the exception of Lacnor (Lake Nordic), Algom-
Nordic and Pronto.

Item 1C indicates a cut taken lower down the Serpent
River and shows the diluting effect of the extra streams on Item G.

To indicate somewhat more precisely the effect
of the tailings disposal on the water supply, the intake to
the Pecors pump houre station has increased from a hardness of
24 p.p.m. in the summer of 1958 to 75 p.p.m. in the summer of
165G to 120 p.p.m. in February of 166C. This hardness increase,
of course, is because of the recirculation of water through
the lake.

3. Weekly Sampling Program

It became evident in late 1¢58, after all nlants
were producing, thet there was need for a regular check of
effluents. An arrangement was agreed upon between povernment
departments concerned and reprecsentatives of the mining companies
to have weekly samples analyzed for solids, turbidity, hardness,
pH, acidity (CaCO3 , lron and nitrates. The following locations
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were chosen: Dunlop Lake (virgin water), Serpent River (two
locations) and the tailings overflow from each mill. (Sampling
for organics, uranium and radium will be discussed later under
Health Aspects).

The samples were collected by mine personnel and
forwarded by engineers of the Ontario Department of Mines to the
Laboratory of the Ontario Water Resources Commission.

Periodical reports of all these weekly samples,
and occasional specimens taken by the Commission's engineers,
were forwarded to each manager along with a letter, signed by
Dr. Berry, containing recommendations for improvement and
credit for progress as the readings indicsated.

This practice began February 2, 195G and has
continued since. It has been a most informative and helpful
program.

To illustrate the levels of the tailings dam
overflow from a tyvical mill, Table III-2 compares the averaged
effluent of nine milles in early 1%5% and early 196C.

In addition to this control, some mines run their
own analyses on daily or weekly grabs taken from sections of
their tailings area, and other pertinent locations.

IV. HARDNESE EFFECTS

1. Treatment at Milliken.

In considering the increase in hardness of the
waters in the area, it is wise to compare this with other water
sources. The "Water Conditioning Handbook™ published by The
Permutit Company of New York indicates natural sources of water
vary from as below 1( p.p.m. hardness to above 1,8CC p.p.m.
hardness. Waters at the upper limit are potable (after the
human svetem becomes used to them) but are unsuitable for industrial
use.

The water hardness in Lake Ontario and Lake Michigan
runs about 125 p.p.m., somewhat higher than our present water
sources.

To indicate the treatment chemicals required, and
their variations with hardness and pH, the raw water analysis
of the feed water to Milliken Lake Uranium mines is shown in
Figure IV-1. The quantity of treatment chemicals required is
shown in Figure IV-2.

2. Pronto Water Softening

It has already been necessary to install a Zeolite
Water Softening plant at Pronto Uranium Mines Limited, because of
the very high hardness of the water.
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The hardnesce of the raw water fed to the Pronto
vlant had increased from a low of 12 p.p.m. for virgin water to
25C p.p.m. bv December 18th, 1¢57. The pH was 6.8. It was
decided at this time to install two water softening units. These
went into operation in late April, 1¢58. Avpproximately 70%
of the water was softened by thece units at a rate of about
15,C0CC gallons of raw water per regeneration. The raw water by
June, 1958 had increased to some 27C p.p.m. hardness and the
regeneration gallonage had gone down to about 12,5CC per unit.

After the diversion of tailings effluent to Lake
Huron in the summer of 1S5S, the regeneration gallonage increased
to some 4C,CO00 gallons on a hardnecss of 9C op.p.m. by February, 1¢6C.

Chemical treatment costes were down to about $4.CC
ver millicn pounde of steam in February 196C from a high of
approximately $2C.CC per million pounds in June, 1958,

V. HEALTH ASPECTS

1. Radioactivity

Uranium in drinking water has been monitored
menthly for sceveral years by engincers of the Department of
Hezlth for Ontario. Radium has been checked less freauently
vecause of technical difficulties.

The most recent MAC's (maximum allowable
ccneentration) sugpested for public drinking water by the
Divieion of Industrial Hygiene (Ontario Department of Health)
are 5(C - 1,CCC micrograms per litre (parts per million) for
natgral uranium ana 5 - 1C micromicrograms per litre for radium
~-226.,

In repard to uranium, the large majority of
tAp water reacings in the Algoma watershed have been less than
1C and 100, and an occasional one over 10C. Samples of tailings
overflow taken quarterly ucsually register less than 1CC,
analysie of water pumped from mines yield concentrations usually
{rom one to several hundred; a few exceed a thousand micrograms
per litre. In one concentrator, the uranium is recovered by
using mine water in the milling process.

Almost all assays of radium in tap water have
been less than 5 micromicroprams per litre. Tailinge overflows
range up to 7. Radium in mine water varies mostly from 1 to 5C
micromicrograms per litre. Readings taken where the Kennebec
Fiver (of which the Serpent is a tributary) crosses Highway 17
have been under 1C. This appears to indicate that there is
no build up of radium downstream from the mining operations.

It should be noted that the radioactive tolerances
mentioned above are based on life time exvosure.
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2. Drinking Water

Weekly samples are taken of various tap waters and
analyzed by the Department of Health for organic contamination
that might occur from overflows or seepapes of sewage systems
or other origins,

Drinking water supplies for office, plant, under-
ground and domestic use are chlorinated with up-to-date equipment,
using chlorine gas.

3. Sewage Disposal

Domestic and plant sewage is disposed into septic
tanks and tile beds and in several instances pumped into tailings
ponds.

During the construction period thers were problems
with organic contaminations from temporary and inadequate lavatory
facilities; these conditions are past history. Apparently there
was no definite evidence to indicate that thev were directly
responsible for the hepatitis enidemic which occurred in the area
in 1657. The latter was attributed mainly to laxities in
personal hygiene.

L. Nitrates

Johnston (1) reports the occurrence of a blood
condition, among infants, caused by certain well waters containing
high concentrations of nitrates. Apparently the first known
fatality occurred in Saskatchewan in 1¢4& where the water
contained 1,320 parte per million NOB as N, Reference is also
made to the condition in livestock.

It bears mention that the disease is associated
with well watere, usually also contaminated with organics
rather than from disposal of nitrates from chemical processss
in surface waters. No cases of a blood condition have been
attributed to nitrates in the Serpent River system.

The recommended MAC for infants is 1C parts
per million nitrate nitrogen. Readings from samples of
virgin water from Dunlop Lake, several from the Servent River
on its way to Quirke L=zke, and one of the overflow from each
tailings pond usually range from C to 1, 1 to 1C and 1C to 7C
p.p.m., recspectively.

£. Fish Life

No studies have been made by the mining corpanies
into the possible effects of effluents on fish. However, it
ie known that they have been thriving in effluent waters.
Minnows have been observed in the tailinge nondes themselves
where total hardness levels are up to 2,5CC or more.

(1) Johnston, R.A. - "The Incidence of Nitrates in Rural Ontario
"Jell Waters"™ Trans. First Industrial Waste Conference.
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Lome fish2rmen in the are~ feel their catch in
ceveral of the lakes in the system this y:ar haes been tlie test
to date. This includes lakes in the "ianer chain" vhich,
because of a smaller flow than in the mairi Serpent River, is
affected more by the effluentc.

VI. CONCLUSIOKE

The yprotlercs of industrial wastes and water
supply posed by uranium operations in the Alroma Dietrict have
been outlined and discuces ¢ in detail.

The ccoivaininantes, including the uranium, m=2y be
all precivitated by increasing the pH to approximately €.C and
aerating. If thie ie d ne, =nd the effluent materinl settled,
then the water may =2 hard but it ie nuite suitable for uce.

The decleterious eifect of this hard vater on
plant 2nd anim=l life appsare to be non-existent. At ceveral
nlaces part of tiie nrollems with tailinge disposal have been
increaced bzacrucce beavers tried to put dams at the wrong srot
in th=2 tailinge pends. Fish and frogs live and thrive in
the teilinre disnoeal waters, o these tre ted waters are
certainly not hormlul to animal life.

Part of the disnosal rrobhlem in the Ellioct Lake
area is beingy recucaed by the stretch out of uranium deliveries
to 196€6. Fewer onerations will thus be disposing of effluent.
.¢ indicated in Table I-1, onlv ceven mines will be disvosing
of waeste bty the end of thie year to the terpent River basin
rather than ten as previously.

It may be necescary for some of the mines still
cperatin~ to inetall water coftening plants to treat their
L iler water. It ir indicsted, however, that the dis» .eal
vrocedures followed, when v»ronerly vractised, adequately
protect anc nreserve the natural and human resources of the
region.
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START-UP DATES, MILLS, TONNAGES

TABLE I-1

AND SHUT-DOWN DATES.

TONS

1,5CC
3,00C
3,cC0
6,CC0
4,000
3,CCO
2,00

3,0C0
3,CC0
3,0CC
2,500

MILL

Pronto
Quirke
Nordic
Denison
Lacnor
Panel
Spanish American
Stanleigh
Stanrock
Milliken
Can-Met

START-UP

September,
September,
January,
May,
September,
February,
May ,
March,
March,
April,
March,

1955
1956
1957
1957
1957
1958
1958
1958
1958
1958
1958

SHUT-DOWN
April, 1960
June, 1960
February,1659

March, 1960



TYPICAL ASSAYS AiD APPTOXIMATE FLOW PATES OF DISPOSED MATERIAL

TABLE II-]1

Material

Approx. Igpm.

SOLUTION ASSAYS gm/1

kZSOA

for 3,000 U308 o Fe+3 Fe¥+ NO3 (AL¥*+ |SU; |Car¥ 51057 CI
tons /dav mill e/l em/1 gm/1 gm/1 egn/1 | gn/1 | g=/1] em/1
Mine Water 250 0.015 6.7 - - - - = — - = -
to 0.002
Neutral Thickener
Overflow 50 0.001 (6.7 .01 | .01 (6.0 ©.1 |- - - -
2 tons/Minuteg
arren Sol ds solids
as a pulp 350 I.g.p.m. ) | varies, [but Wneverkgreater than waste baryen below
solution g
Woste Barren) E0.00A
Royal Barren) 600 I.g.p.m. | (0.010 1.8 | 1.0 0.5 2.5 lo.5 1.0 |20.0 | - 0.2 |0 to0.7
otherwise as barren
Uranium Thickener
Overflow 1 gallon/min. 0.005 |7.0 0 .01 | ¢0.01 |50.0 - |<5.0 | 1.0 - | 0 tol.5




TABLE II-2

REACTIONS DURING NEUTRALIZATION

Ca(OH)2 + stoh

Fe2(504)3 + 3 Ca(OH)2 > 2 Fe(OH)3 + 3 Caco

}CaSOa + 2H20

L

AlZ(SOL)B + 3 Ca(OH)2 > 3 03804 $ 2 AL(OH)

FeSO, + Ca(OH),

L FeSOLP

> Fe(OH), # CaSOh

+ 0y 2 Fez(SOa)B + 2 Hy0

4 O2 + 4 HEO > 2 Fe203 + L H2SOA

3



SELECTED ANALYSES OF WATER.

TABLE TII-1

SAMPLES FROM ELLIOT LAKE AND VICINITY

Courtesy - Dr. J. F. J. Thomas of the Dept. of Mines and Technical Surveys.

__ANALYSES I PARIS PER MILLION
SAMPLE FROM ITEM DATE pH o iessar = Mg Ca++ |Total 04 03 ©10 Chloride
NO. (oo CaCOBJ Fe
Lauzon Lake before 1 |August 3, 1955 | 7.0 | 14.6 1.3 3.7 - 8.0 | Trace| 2.1 1.0
Pronto Start-up
Shore of Lauzon near 2 |August 6, 1958 | ¢.8 | 4.1 | 1.8 6.7 -  |16.7 0.6 | 1.6 1.0
Highway 17
Shore of Lauzon near 3 |Sept.25, 1959 6.8 | 32.3 2:3 9.3 | 0.08 |24.9 0.3 | 2.6 _ 5ed
Highway 17
Pronto Mill Tap 4 |Sept.29, 1959 6.4 {170 18.2 38.6 | 0.3 |67 0.3 | 2.9 26,9
Elliot Lake Tap (in 5 |[Sept.25, 1959 | 7.0 | 45.3 2.4 | LUk |0.07] 34.6] 0.8 | 2.5 9.4
Service Station)
Dunlop Lake 6 |Sept.24, 1959 6.5 | 12.1 0.6 3.9 | 0.04]| 6.8] 0.1 | 1.5 D
Ryan Lake, Water Source |7 |Sept.25, 1959 7.0 | 18.6 1.1 5.6 |0.1 7.1]1 O 2.0 3.5
for Nordic Townsite
Guirke Leke Sept.29, 1959 6.4 | 97.6 | 3.4 33.9 | 0.25]190.7| 0.6 |2.4 8.8
Canal near Nordic Trailer] 9 |[Sept.25, 1959 | 6.8 | 83.9 4o | 26.6 |0.23]75.9( 1.0 | 3.0 6.0
Park, from Pecors Leke ‘ '
Serpent River, near 10 |Sept.25, 1959 6.7 | 72.6 4.0 22.7 | 0.05]65.0| 2.5 | 1.6 6.4
Elliot (Depot Lake,
Highway 108 )




TABLE III-2

COMPARISON OF EFFLUENT ASSAYS - 1959/1960C

lMaterial Analyzed First Quarter 1959 First Quarter 1960
in p.p.m, Feb. 2 - Mar. 10 Jan.20 - Mar.li
NO3 48.9 17.2
Hardness 1,746 969
Total Fe 7.5 13.7
pH (Lab.) 55 5+8

Turbidity 2h.1 16.7
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RECELT DEVELOPMENTS IN THL HALDLING

OF RADICACTIVE WASTES

I. L. OPHEL
Enviromertal Research Brarnch

Atomic Energy of Canada Ltd

Chalk River, Ontario

INTRODUCTIOL

While it is true that the widespread use of nuclear power
will depend largely on economic factors, it is equally true
that inability to control the radioactive by-products would
serverely restrict the places at which nuclear power plants could
be built. For this reason the atomic energy industry has in
recent years spent an increasing amount of research and
development work on the treatment and permanent storage of
radioactive wastes.

This paper will outline some of the recent Canadian effort

in this field, particularly as it applies to reactors for
generating nuclear power.

ELIMINATION OF HIGHLY RADIQACTIVE LIQUID WASTES

One of the most interesting, and unheralded, developments
in the Canadian nuclear power research program is the possibility
of completely eliminating the highly radioactive liquid wastes
which are associated with the chemical rrocessing of irradiated
reactor fuel., Almost all of the radionuclides produced by a
reactor are contained within the uranium fuel., When the fuel
is processed to recover the 'unburned' uranium the highly radio-
active fission products are unwanted by-products of the process.
Since the waste fission products are now dissolved in highly
corrosive ligquids their subsequent handling and containment is
a difficult and expensive matter,

The develooment of a high integrity natural uranium oxide
fuel for the NPD-2 and CAKNDU reactors means that chemica
processing of the irradiated fuel is a doubtful economy ). So
much of the fissionable uranium-235 is 'burned' during the
lengthy residence time in the reactor that the cost of recovering
the denleted uranium by expensive chemical processing (under
current conditions) is more than the value of the reclaimed fuel,

The high-level radioactive waste problem then becomes one
of handling and storing encased solid material rather than
treating highly dangerous liquids. If the fuel is stored in
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accessible vaults it will still be available in the future if
new, cheaper methods of recovering uranium or other useful by-
products are developed.

FIXATIOL OF WAST&S IN NEPHSLINE-SYaNITE GLASS

The possibility of the Canadian nuclear power program
generating large quantities of hign-level liquid wastes in the
near future now looks remote. However, if the need to handle
such wastes does arise we will have available a method of
fixing the fission oroducts in a solid inert form. This
process, which involves the mixing of the fission product
solution with powdered nevheline syenite and the sutsequent
fusion of the mixture into a hard glass, has been develoved by
the C%Smical Engineering Branch of Atomic Energy of Canada
Ltd. ),

Development of the method has reached an advanced stage
and at the oresent time the Envirommental Research Branch and
the Chemical Engineering Brancno are jointly engaged in field
testing the storing of the glass blocks directly in the soil.

Storage of bare glass in wet soil was chosern as the test
condition because this is the most unfavourable of the wvarious
storage methods that have been considered. In a large scale
process it is more likely that dry storage in a concrete or
rock vault would be used.

Two field experiments are in progress at the present time.
The first, which was started in August 1958, comprises twenty-five
re~heline syenite glass hemispheres ‘weighing 2 kg each and
cortaining a totzl of 300 curies of mixed fission products. The
blocks are buried in a known configuration below the water table
and the radionuclides leaching from the glass are monitored by
means of special ground water ?amplers and soil samplers placed
'downstream' from the blocks(3]), Leaching rate of the glass is
very low - in the order of 10-7 gms glass per square centimetre
per day - and this test has resulted in only barely detectable
amounts of radionuclides in the soil twelve inches from the
blocks. Sampling will be continued for some years.

A second field test was started in May, 1960. The blocks
used contain a total of 1000 curies of fission products and are
expected to produce more easily detectable concentrations of
radionuclides in the ground water and soil. After several
years monitoring, the soil 'downstream' from the blocks will be
intensively sampled to octain an accurate estimate of the total
amount leached from the glass under tnese conditions., The
Chemical Engineerirg Eranch is simultaneously carrying out
leaching tests in tne laboratory which will help in the
interpretation of the field test results.,



STORAGE OF 3OLID 143TiS

At Chalk River the disposzl of solid materials contaminated
with significant amounts of ra?i?activity is based on dry
storage in concrete containers{4/, Only those materials
contaminated with minor amounts of radionuclides are placed
directly into the soil. With these amounts the cation exchange
capacity of the soil is sufficent to hold back the radioactive
catiors, However, this type of disposal used up considerable
areas of ground and an incinerator is being developed for
installation in the near future. Ash from the incinerator will
e mixed into concrete.

The containers for the more contaminated wastes are built
as six inch thick concrete-walled trenches set below ground
level, After being partly filled with waste the trench is
filled with sand and a water-proof concrete lid is cast in
position. The whole container is then covered with dry soil.
Special disposals, such as radioactive ion-exchange resin
columns, are made into below-ground sections of waterproofed
concrete pipes.

LIJQUID WASTE& HALDLILG

The dispersion of very low-level ligquid wastes into the
Ottawa River has been described in scme detail elsewhere (5,0).
Other licuid wastes with somewhat higher concentrations of
radionuclides are not directed to the river but receive special
treatment,

Wastes cortaining medium levels of radioactivity along with
very low corncentrations of salts are handled in covered seepage
basins., In these the water drains away through the soil and the
cationic radionuclides are retained by the ion-exchange sites
on the soil particles. The covering, consisting of eight feet
of crushed rock, acts as a shield against radiation, prevents
access by wildlife, discourages plant growth and eliminates air
contamination.

These basins have handled large volumes of waste and have
performed quite satisfactorily. A small percentage of the radio-
nuclides have migrated in the ground water for several hundred
feet, over a period of years. For this reason, this method
would rot be used in closely settled areas. Ion exchange
treatment or resin columns is a suitable alternative for this
tyre of waste although somewhat more expensive. The feasibility
of borenole injection into shallow underground strata is being
considered.

IMedium-level radioactive wastes containing high

concentrations of acids, detergents, etc. can not be treated by ion

excharge. Nor are they suitable for seepage basins, since
the excess cations will displace the radioactive cations from
the excharge sites on the soil particles and destroy the
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adsorptive capacity of tne soil., Such wastes have been treated

at Chalk River by making them into a rather poor quality concrete
within 55-gallon drums. These drums are stacked inside a large
concrete container. The whole assembly is then converted into

a larce solid concrete monolith by pouring high quality concrete
around and over the drums. Such monoliths were first constructed
in 1956 and while they contain several thousand curies of fission
products within the drums only minute amounts of radisactivity have
beenn found outside the structures.

POWSR REACTOR WASTZ TREATMENT

All of this experience has resulted in the development of
a sound system for handling radioactive wastes at our future
nuclear power sites. The system is based on the principles or
containment for all hazardous amounts of radionuclides and
controlled release of minor guantities.

Irradiated fuel would be temporarily stored in water-cooled
basins in which the water is recirculated through ion-exchange
columns. It will later be transferred to permanent dry storage.

Low-level radioactive liquid eifluents will be collected
and dispersed on a batch system., Each batch will be sampled
and analvzed before being released at a controlled rate into
iractive diluti»n water from the power plant condensers. Only
nre-diluted wastes will be released to the environment.

Liquid wastes such as ion-column regenerants which are
unsuitable for dispersal will be evaporated to small volumes and
nlaced in concrete moroliths, Condensate from the eveporator is
returned to the reciruclating ion-exchange system.

To reduce land area requirements low-activity solid wastes
will be incinerated and the ash made into concrete. Non-
combustible material and more highly contaminated solids will
be placed in concrete trenches.

Such a waste handling system can be used in densely populated
areas without hazard to the surrounding population. Preliminary
cost estimates for construction and operation of such a facility
associated with a large power reactor indicate that treatment
costs should not exceed one per cent of the cost of the generated
electric power.
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INCINERATION FACILITIES AT DOW, MIDLAND

by

CHARLES L. SERCU,

Manager,

Waste Control & Utilization,
Dow, Chemical Company,
Midland, Michigan.

The Dow Chemical Company plant at Midland, Michigan
produces 83,000 tons per month of complex chemicals. These
production facilities in turn produce tons of waste products
both solid and liquid which must be burned, buried or treated.

50 million gallons per day of water wastes are treated
in an activated sludge treatment plant. 8C,000 pounds per day of
Biochemical Oxygen Demand are satisfied in this treatment plant
and some 7,50C pounds per day of phenols are biologically oxidized
before the wastes can be discharged to the river.

Many oils, solvents and still residues are kept out of the
sewer system and must be burned. Over 250 Dempster loads of these
waste tars per week are generated at Midland. This represents a
total of over 5CC,CCO gallons per month of still residues, waste
solvents, washes and contaminated products that must be destroyed.
Over 1700 drums and similar containers of semi liquid and solid
waste chemicals are produced monthly, in addition to almost 17,000
cubic yards per month of other refuse.

To safely and efficiently destroy burnable wastes, Dow
put into operation in 1959 a two million dollar incineration plant
to handle 81 million BTU per hour of liquid tars and 60 million BTU
per hour of solid refuse. Storage mixing and blending facilities
for both liquid and solid wastes are included as are scrubbing
facilities for fly ash and acid gases.

This huge expenditure was necessary because of the
tremendous quantities of combustible solid and liquid wastes that
must be destroyed with a minimum of air and water pollution. These
wastes have been the subject of extersive research, investigation
re-uce, reduction and even possible sale of these waste products.
Many thousands of dollars have been recovered, yet this large
incineration plant was needed to properly dispose of the remaining
wastes that have no value.

Refuse at Dow consists of plastics, paper, boxes and
other solids of high BTU content, plus many non-burnable solids.
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Most of the waste products from laboratories are extremely hazard-
ous. Toxic, reactive or exnlosive, these items, although

usually small in velume, are frequently the hardest disposal
protblem,

Safe and efficient disvosal of all of these materials
is now accomrlished by contrcl of the collection, handling,
and incineration of the wastes. Collection and handling are deter-
mined by veclume, character and hazards involved in the material.
Control of the incineration of these wastes is accomplished by
blending, mixing or even burning the material separately, in a
well designed incinerator. Investigation, design and construction
of adequate facilities to handle these wastes took five years.
The clean incinerator stacks at Midland are oroof that all the
Dow combustible waste materials can be incinerated without further
nuisance to the community.

Solid tars from the production plants at Midland origi-
nally were buried, and, as the plant expanded, many of these
wastes had to be rehandled and moved again. To eliminate this
problem, the tars were hauled from nroduction to a hand-stoked
vertical tar incinerator. A rotary kiln was installed in 1948
with an ash recycle system to aid in burning these hard tars.

It soon became obvious that the rotary furnace could burn a
tremendous amount of solid refuse, paper, boxes, drums of
chemicals, with a minimum of effort. The ash recycle was giving
problems, and was abandoned, as it had been proved that the tars
could be hauled in liquid form and numped to the incinerator
more efficiently than beinz handled as a solid.

The Dow Midland plant was expanding at a rapid rate
and there were a lot of construction materials to dispose
of at this time. Gradually, the original 1C' diameter by
25" long kiln became overloaded and much refuse had to be
burned on an open dump. The kiln was not equipped with
secondary combustion or air control and all feeding was done
by hand, so most of the time a plume of tlack smoke poured from
the stack. All refuse was introduced to the kiln through a 4!
diameter open hole in the floor. This is actually the simplest
and most economical way to feed a kiln as the operator can view
the fire at all times. Ignoring air pollution and safety con-
siderations, this is an expedient way to cet rid of just about
any type of combustible waste.

The Air Pollution Control and Safety Departments at
Dow were much troubled over this operation, but there was no
safer incineration process available. Landfill of the
solid wastes had been atterped, but this was costly, gave the
opvortunity for ground water contamination and the danser of
fire in the fill area was always present. Incinerator catalogs
did not have a master plan to solve all of the handling and
air pollution problems resulting from burning these heterogen-
eous wastes. Most types of furnaces could not satisfactorily
burn nlastics. The wastes from the polystyrene plant melt and
burn at the same time. It was visualized how this viscous
material would then drop through grates and harden upon



2

cooling, plugging the grates and building up on hearths. In
the rotary kiln, the melting plastic mingles with the ash or
sticks to the sides of the kiln and burns completely. This
was observed in the existing rotary kiln incinerator, but
tremendous quantities of black smoke wers also observed,
belching from the stack. Having determined the amount and
character of the material to be bturned, an investigation was
initiated to determine cost and tasic design of an incinerator
that would satisfy all requirements.

A literature study vroduced the Volund patent on a
rotary kiln incinerator, which patent rights are held by the
International Incinerator Company of Atlanta, Georgia.
Further investigation of the municipal rotary kiln type
incinerator in Atlanta, Georgia indicated that this type
of unit ciuld satisf=ctorily and continuously burn garbage
and refuce with a minimum of smoke and odor.

The incineration problem at Dow Midland is guite
different from a normal municipal situation. Chemical
wastes, plastics, still residues and even plant rubbish
have a much higher BTU content than ordinary garbage and refuse.
The hvdro-carbon nature of most of the wastes produces a very
dense black smoke and occasionally a drum or can of chemicals
will explocde in the fire. These oharacteristics prompted change
in the basic design of a usual Volund incinerator. Cognizant
of the complexity of the problem, and with the cooperation of
Dow engineers, International Incinerators, Inc. agreed to design
a rotary kiln incinerator for this unusual problem. Placed in
operation in January 1959, the unit operates satisfactorily and
does destroy all of the Dow Midland solid combustible wastes
and many of the liquid wastes without smoke or odor problems.
A stationary tar furnace complete with off-gas scrubbin
facilities was placed in operation in the spring of 1958 and
has noticably reduced the odors in the Midland area caused by
the burning of combustible liquid wastes.

These liquid wastes called "tars" are by-products, con-
taminated chemicals or bad batches that cannot be reclaimed
economically, for which there is no market and, therefore, are
wastes. These materials, which vary from light solvents to
very heavy still residues, then must be disposed of as
cheaply as possible without causing other safety, air or
stream pollution protlems. Some of these residues and slurries
are very high in water content as they have been removed from
waste water streams emanating from production processes. These
materials cannot be satisfactorily treated in the biological
treatment process of the Dow liquid waste treatment plant,
and must be destroyed by incineration.

A1l waste tars are hauled to the incinerator area in
Dempster Dumpster tanks. The trucks drive up a ramp and dump
into the top of agitated holding tanks. Large hoppers are
vrovided on top of the tanks to prevent spillage during the
rapid dumping process which normally takes two to three
minutes to transfer 70C gallons of tar. Bar screens in the
bottom of the hoprers collect debris, gravel or large solids that



may happen to be oresent in the Dempster tanks,

The holdinz tanks are 10 feet in diameter, 12 to 15 feet
high, agitated with top entering turbine agitators with right
angle gear reducers having output sveed of 68 rpm. Single im-
pellers are 41 inches in diameter, with six blades 5 inches wide.
These agitators have no bottom support which eliminates the need
for draining the tank for maintenance. Fifteen tanks, totaling
110,000 mallons of inventory are used to hold, mix and blend tars.

Over 4LOO drums per month of burnable hydrocarbons are
hauled to the incinerator area for disposal. Drums are unloaded
to a drum dock and the contents are drained to an agitated
holding tank. These tars orizinate in over a hundred and twenty
production or laboratory areas. Some of these sources have 3
or 4 different kinde of tars which cannot be mixed, so close
control of the handling and dumping of these tars is an obsolute
necessity. There is alwavs the danger of unhydrolyzed or reactive
materials being vresent which might result in an explosion or fire.

All recuests for hauling wastes are phoned to the in-
cinerator office., Any recuest not contained in a catalog is
turned over to supervision. A check of the strange material is
then made with the source to determine handlinsz precautions and
burnability. If necessarv. svecial handling and disposal tech-
niques are applied. All information necessary to haul and
dispose ¢f the waste is written on a dispatch slip and radioed
to a truck in the pickup area.

When the trucx sets to the incinerator, the driver
stops at a micronhone and cills out the tar by building number.
Loud speakers carry the message to the operating areas, and
the driver is told where to dump the materials.

~Ten tanks are heated and insulated, to keep the contents
above 80°C., to maintain fluidity. Two of these tanks are
used to hold and blend certain high BTU, low ash, low chlorine
tars that are then rehauled to the powerhouse where they are
burned as fuel. The remaining tanks are used for solvents and
contaminated waters and slurries that rmust be destroyed. Contents
of the tanks are mixed and numped with Sherzer centrifugal pumps
throuch traced and covered pipelines to either the rotary kiln
incineritor or a stationary liquid tar burner.

Single strainers with 1/4 inch openings are located
on the sucticn side of the pures. Liguid tars are then pumped
to a duplex strainer with 1/8 inch openings located at the tar
furnace. This straine- collects any solids that may form in
the pirelire.

The tar furnace is a rectangular suspended wall type
furnace 1C' x ?5' x 10' high. A penthouse on top of the furnace
noucses darpers which allow cases to go to an 8' x 60' high stack
or to acid gas scrubbers. Liquid wastes are pumped to four low
pressure air atorizing oil burners.
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This type of oil burner lends itself to the range in
viscosity and heating value of the waste tars., To burn these
tars successfully it is necessary to atomize the combustible
liquid and then bring it into contact with the proper amount of
air. In the low pressure air oil burners, this is accomplished
by using 16 or more ounces of air pressure, part of which spins
through a set of stationary vanes, picking up the oil from the
oil nozzle, converting it to a gaseous mixture and giving it
forward velocity. When this mist leaves the atomizing head, it
is mixed with the remainder of the primary air. Adjustment of
air volume and pressure is extremely simple, and is determined
and adjusted by the operator with each different liquid. The
tar nozzles are large, will pass a 1/8 inch particle, and also
are very easily cleaned. Cleaning is done by rodding the
orifice or disassembling the few parts in the atomizing head.

As long as the liquid has sufficient calorific value
to support combustion, these nozzles do a wonderful job of
preparing the liquid for combustion. Fuel pressure required at
the oil burners is normally from 2 to 5 psi. To minimize build
up of tar in the lines, a fuel recycle system is used, which
includes a pressure sensing element, a diaphragm valve and a
pressure controller, Pressure is set on the burner side of the
recycle system and the diaphragm valve passes sufficient fuel to
maintain this pressure. The major part of the fuel pumped to the
furnace is recycled back to the tar tanks.

Air for the nozzles is supplied by a 20-ounce blower.
Flame eyes actuate manual reset valves which automatically close
on flame failure, time delay allows initial energizing of the
system. This includes a gas pilot, touched off by a spark plug,
which ignites fuel cil pumped through the tar burner. This is
then weaned to the tar mixture to be burned. This entire
system shuts down in the event of flame failure.

All tars are burned in suspension, but a secondary air
blower pressures jets which blow across the floor of the furnace.
This supplements the induced secondary air, maintains turbulence
and burns up any heavy solids that deposit on the floor. Very
little ash forms in this furnace, indicating good combustion.,

Hot gases at upwards of 1700°F. are vented through the
penthouse to the stack. Both furnace and stack are lined with
hard burned super duty firebrick. When burning tars contain
large concentrations of chlorine or sulfur, the gases are diverted
through two vertical packed towers,

' These scrubbers are 113 feet in diameter with 11 feet of
14 inch berl saddles. 10,000 scfm. of gases are pulled through
each scrubber with open type wheel fans., Gases are discharged to
a top house of plastic packing which acts as an entrainment
separator. All metal surfaces are rubber lined and the masonry
in the scrubbers is acid proof brick.
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Water for scrubbing is obtained from a weak phenol sewer
ad jacent to the area. The water containing possibly 10 ppm. phenol
is pumped from a sump with two 3-stage vertical turbine pumps.
Each pump is powered by a 20 hp. vertical solid shaft motor, and
each will deliver 700 gpm. at 87 feet total head. Distribution of
the scrubbing water is by means of V notch weirs across the top of
the column. The water is screened in a strainer before going to
the scrubbers. Effluent water from the scrubbers is discharged to
the sewer system with all neutralization and oxidation being done
at the waste treatment plant. Scrubbers operate satisfactorily,
discharging a2 minimum of acid gases to the atmosphere.

The tar furnace was designed by Bigelow Liptak, in co-
operation with Dow engineers., Many preliminary designs were
available, as there are several reputable waste 0il incinerator
firms in the ccuntry. This particular unit appeared to best solve
the Midland problem at the lowest cost. After one year of operation,
the unit is still operating as expected.

The new Dow rotary kiln incinerator was designed to burn
110 tons per day of mixed refuse, including plastics, rubbish and
drums of chemicals. This capacity was to be attained using two
rotary kilns with each kiln handling a minimum of 60 million BTU
per hour. Stack effluent criteria included smoke density of not
more than 2 on the Ringleman chart for not more than four minutes
in any one-half hour and not more than 0.85 1lb. dust per 1000 lb.
flue gas at 50 percent excess air.

Design of this unit was started in September 1956 and
construction was completed in December 1958, As finally put into
operation, the incinerstor consists mainly of a refuse pit, crane
feed to a feed conveyor, special feed equipment for drums, rotary
kiln, air control, secondary combustion, water spray system, residue
conveyor and stack.

All refuse, except full drums and paks of hazardous
material, is dumped into a refuse pit. This pit is 20 x 54 x 20
and will hold 800 cubic yards of burnables. An overhead crane of
3% ton capacity, 52 ft. lift, 42 ft. span for 84 ft. long runway was
installed to mix the refuse and elevate to the charging hopper. A
2 cubic yard bucket designed for incinerator service completes this

piece of equipment.,

From the charginzg hopper the refuse falls by gravity onto a
drag chain conveyor located inside a feeder housing. A 7 inch high
x 5' - 9" wide channel flights on this conveyor move the refuse to
the feed chute where the refuse falls by gravity into the fire.
Speed of the conveyor is variable, obtained with a Louis Allis
Varispeed drive, controlled from the operating panel.

Paks and drums are dropped down the feed chute with a
hydraulically cperated feed device. This gives maximum protection
to the opera*tor., A large vent over the feed chute opens to the
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outside of the building, to relieve any explosions that might
take place in the kiln. Primary combustion air is damper-
controlled through the top of the feeder and travels down the
feed chute to the kiln., The entire feeder is under negative
head from the stack, the refuse in the charging hopper main-
taining the closure at the hopper opening.

Liquid tars are fired horizontally into the kiln from
both sides of the feed chute to nelp maintein temperature and
to burn up the smoke. DlNodified low pressure air atomizing oil
burners complete with flame safeuy equipment are installed on
the seal plate at the feed end of the kiln. Piping has been
installed to be able to pump contaminated waters and wet slurries
through the oil burners. Screening, pumping, recycle and flame
safety equipment is similar to *that on the ligquid tar furnace
previously described.

Adding all of these liquid and solid fuels to a fire
would seem to cause poor combustion. In practice, the problem
is the opposite. The liquid fuels are needed to provide a hot
flame to burn up the liberated carton particles from the
combustion of the plastics. Alsc, the refuse tends to minimize
the radiant heat problem developed during the burning of roughly
8 gpm. of tare in the kiln. The kilns are 12'-9" 0D x 35'-0" long.
Temperatures in excess of 2CCLOF, are achieved in the kilrn, with
9 inches of Varnon refractory protecting the shell. An 8000 CFS
fan producing 1C inches static prescure forces over fire air
through a seriec of nozzles located on the sides and bottom of
feed chute., This gives turbulence to the gases and cools the seal
plate.

As the refucse is moved horizontally in the kiln, all of
the organic matter is destroyed, leaving an inorganic ash. This
ash or recsidue includes drume, tin cane and slag. A 3 inch
slope is provided through the length of the kiln, which aide in
moving the solids to the discharge end, While turning, this ash,
slag or other material dropz inte a residue conveyor trough that
containe 3 feet of water. The residue drag chain conveyor in the
bottom of the trough contains 12 inch channels 5 feet wide on 7
foot spacing, which moves the materizl out from under the kiln,
up an incline and across a bar screen. This separates the metal
and the ash into different Dempster boxes for hauling and disposal.

Leaving the kiln, the gases impinge on refractory surfaces
that cauce a swirling action in the csecondary ccmbustion chamber.
This added turbulence with the additional detention time is
sufficient to burn up the smoke. No secondary fuel or after
burners are used. Thirty feect from the kiln, the gases pass
through the first of two banks of water sprays. Approximately 3C0
gpm. of water ie eprayed through 54 nozzles, which knocks down the
fly ash. This ash is then sluiced to the residue conveyor and
discharged with the other ash.

The secondary combustion chamber is lined with 2L
inches of refractory through the turbulent areas. As the gases
slow down, the walls decresse to G inches cf suspended,
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cuver duty brick. The cooled gases then pass under a refractory
lined motorized darper, to a 12' ID by 200' high chirney. The
chimney is lined for the full heicht with Varnon firebrick. A
target wall, 35 feet high, is carried up independently of the
main lining.

The rotary kxiln incinerator as installed represenrts
invested capital of $l,350,000. Completion of the second
unit plus capital already spent on the tar furnace, scrubbers,
tanks, etc., will bring the total over $2,000,000. Future planning
includes utilization of the heat to dry and burn the sludse from
the water waste treatment plant. This slurry normally "as a
very obnoxious odor. Drying and burning thus poses many =ddition-
al nroblems even though this is the most economical way to destrov
these wastes., Waste disposal sludge amounts to 4O tons per day
of dry solids or LOO ton per day of wet slurrv.

The incineratory equivment described is functionir~ very
well., Large volumes of wastes are beinz handled safely wit™>.t
contaminating the atmosphere. Dow feels that incineration is
expensive but necessary, in the age of expansion, in order tc
better zet along with a watchful community.
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INTRODUCTION

The presence of colored compounds in waste waters creates a somewha:
different problem in stream sanitation than that of gross organic
pollution.6 Colored streams affect the mental rather than the
physical health of observers and users. It is already well
established that mental and physical health are closely related.
For example, the medical profession claims that constant aware-
ness of his condition and its eventual outcome can have a bad
psychological effect uvon the patient. In a similar manner, the
nresence of colored matter in streams makes the observer anxious
for the safety and welfare of the downstream users. Thus, a
stream relatively free from physical nollution but containing
foreign colored matter may be classed as "polluted" in the eyes
of the general public. It is then of the utmost importance to
reduce the color of wastes being discharged to rivers. Before one
can reduce the color of wistes, a suitable method of color measure-
ment must be available. Standard Methods for the Examination
of Water, Sewage, and Wastesl recommends the use of (A) platinum
cobalt color standards, (B) spectrophotometric, and (C) photo-
metric methods. Platinum cobalt standards involves a visual
color comnmarison with known typical stream color standards. Any
slight change in hue or addition of turbidity make a visual color
comnarison by this method impossible, The spectrophotometric
metnod involves the utilization of lights of unit wave lengths
comprising the entire visible spectrum (400-700 Mu). Only
transmitted, or its reciprocal (absorbed) light is measured by
this method, The human eye, however, observes reflected light.
"hotometric methods make use of three color filters (amber,
creen and blue), The relative amounts of light passing through



each filter from the samvle color provide the basic information
from which the color measurement is obtained. This, too, mea-
suree transmitted light =2nd is subject to the same errors caused
by turtidity as the spectrovhotometer. For a more complete dis-
cucssion of these three methods the Eeader ie directed to an
original paver by Coss and Nemerow.

Since reflected color is normally otcserved when standing on
~» bank or hridge overlooking a river, other means of color
measurement must be ucsed. Most streams - polluted or non-
polluted - contain a certain amount and type of turbidity.

Lince turtidity affects the reflected color, the methcd used to
measure color must include the effectes of turbidity (See Fig.lL).
In addltlon, the new method must also include some means of
meacurlny color differences. Color diff'erences are ot jectionable
to viewers under certain conditions and to certain degrees. Most
state ctream standarcds svecify "none (color) in quantities such
that the stream tecomes obiectionable".

The authors have been studying two possitle methods of
measuring reflected color to d%mgnqtrate color differences.
(1) Use of Stream Colorimeter and Fhotographic means.

1 - STR&uAM COLORIMATER

Two ma jor nieces of apparatus were used in carrying out this
studv. One, the Streamviewer, is a device for simulating a
n2tur~l stream in ite natural surrounding; and the other, the
Ctream Colorireter< is a device for measuriny the color of li-
ouids by reflected 1light.

The Streamviewer3 is a box constructed of one-half inch
plywecod with dimensions of 24 inches from front to back, 25
inches from side to side, and 2C inches from top to bottom. The
hox he¢ a viewing ¢lot in the front which permits a person to see
the interior. A trough is fitted to the bottom of the box at the
reor and in line of eight for a person looking through the view-
ins €lot. A circulzting pump is fitted to the trough so that
water in the trourh can te kept in constant motion. The interior
of the box is desirned to represent 2 rural, summer scene from
the Drowning Creek repgion near Hoffman, North Carolina. The
rear w211l of the interior is a painting in water colors made from
color photopranhs of the region mentioned. The bottom is painted
to reprecent fgrass. A doylight-type fluorescent lamp is used to
lJirht the interior. T"hen anpropriately colored water is put into
the troufh, the apparatus in operation represents a stream in its
natur-l eetiings to the viewer. (See Fig.l).

The Stream Colorimeter is centially the Photovolt Photo-
elecrric Reflection M:ter, Model 61C with the 61C-D search unit
available from the Photovolt Corp., (Figs. V, VI, VII). To this
Laric instrument are added two special contﬁlner -, one reference
container and one sample container. Also, a more sensitive
Falvenomater or a photocell current amplifier is added. Hunter's
tristimulus cclor components (filters), amber, tlue, and green
are usad., The cample of licnid to be measured is put into one
container and diestilled water is put into the reference container.



WHITE

43Ixdva

)
m
o

DOMINANT WAVE-LENGTH

GREEN

pYER

LI

novi8

FIGURE 2 A CONCEPT OF COLOR-PERCEPTION SPACE



\ przzzz774

7_7@7; AV \\ Vv
// L/ T/, ///
/T 77,
\\/ / /

/// // \\/ Y
/ // \///’
/ \/ /
/// \/ /
// \//
V/ Tow \r



"\H <5

Viewing
Slot

Scene
Guards to Hide Union of
J Trough and Box
/
P \_)
[~
1) ' L
Trough

FIG. 1 STREAMVIEWER (Pump net ghown)




il ILLUMINANT ILLUMINANT

] COLOR FILTER

— —
CULMINATING . $ PHOTOCELL (HOLE IN CENTER)
LENSES =
] -
[ ‘ | COLOR FILTER

TURBID SAMPLE

\ /\/ TURBID SaMPLE

L hﬁ PHOTOCELL

MEASURES MEASURES
TRANSMITTED LIGHT REFLECTED LIGHT

FIGURE 4. COMPARISON OF COMPONENT CONFIGURATIONS OF INSTRUMENTS MEASURING TRANSMITTED
LIGHT 8 |INSTRUMENTS MEASURING REFLECTED LIGHT



2
N

With one filter in place, the search unit is introduced into the
reference solution; and the galvanometer is adjusted to read

1CU per cent. The search unit is then transferred to the sample
solution, and the percentage of light refelected by the sample is
read from the galvanometer dial. This process is repeated with
each of the three filters. These three filter readings can then

be used to define the color of the sample in terms of dominant

wave length, luminance, and puritv in accordance with the procedure
adooted by the International Commission on Illumination (C.I.E.)

Dominant wave length indicates the particular hue involved in
the visible spectrum; luminance refers to its brightness; and
purity refers to its grayness. These are illustrated clearly in
Fig. 2.

DESIGN OF THE STUDY

In outline the experimental procedure consisted of using the
Streamviewer to present the water from a natural stream (the color
of which h2d been measured) to a subject. To this stream were added
esmall amounts of a colorant until the subject objected to the color.
At this point a sample of the objectionable water was removed for
subsequent measurement of color. This process was repeated with
each of six colorants. Twenty subjects followed this same pro-
cedure. All color measurements were made using the Stream Colori-
meter.

The water used in the trough of the Streamviewer was matched
to a sample of water taken from Drowning Creek during a period of
average summer flow and average summer color conditiones. Records
of the Geological Surveyv, United States Department of the Interior,
Raleigh, North Carolina, were used to establish the averages
mentioned above.

Twenty male students of North Carolina State College were used
as subjects. These studens were residents of the Drowning Creek
region of North Carolina.

Colorants used were textile dyes obtained from the Textile
School, North Carolina State College. Six colorants - a red, a blue,
an orange, a green, a yellow, and a violet dye - were used.

The data collected consisted of the 20 colors found objectionable
for each of the six colorants added. The colors found objectionable
were comp=red to the standard color (color of the natural stream) to
establish the relationship.

RESULTS

The Hunter-Scofield color-difference formula > was used to
determine the difference between the standard color and each of the
colors objected to. This formula gives color-difference values
in terms of the National Bureau of Standard's unit of color
difference which is defined as a ".... unit of color
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difference so small that measured diiferences of less than one
urnit represent perceptually unimportant color differences in
most commercial trarsactions". (5,p. 519). The formula was
empiracally derived and is expressly intended for use with the
Hunter tristimulus filters. A Complete descrintion of the
formula and a samnle problem appear in a later section of this
paper.

The twenty color-difference scores for each colorant added
were tested to determine if they conformed to the normal dis-
tribution curve. This involved testing the score distri utions
for kurtosis and for skewness. The distributions of scores far
each of the colorants added was found to be essentially normal.

Fig. 3 shows the distribution of the color-difference scores.
gach grarh in Fig. 3 shows the score freguencies on the vertical
axis and the stardard deviations from the mean score value on
the horizontal axis.

The normal distribution curve was adopted as the model for
obtaining a "5% OP" (Objectionable Point) score. The procedure
for obtaining said score was as follows: the arithmetic mean
ard the standard d:viation of the distribution were computed;
these values were used in tne formula

5% OP = Mean - 1.65 standard deviation

~ The area urder the rormal distribution curve from a point
1.65 standard deviations from the mean to the most extreme
score on the same side of the mean included 4.95 per cent
of the total populatior. Thus, as applied here, less than
5 per cent of the population from which our sample was drawn
will object to any color-difference value which is smaller
than the 5% OP score given. Fig. 8 shows the area about
the standard color defined by the 5% OP score for each of
the six cnlorants used. The 5% OP scores on each of the
axes are the v=lues derived in this study. The lires connect-
ing these points are estimates of the 5% OP scores which
would be found if other conlorants were used.

- DISCUSSION

It is emphasized that this study is concerned with demon-
strating a method. The values obtained apply only to the
population sampled. To employ this method in setting stand-
ards for the control of color pollution, it would be necessary
to give careful consideration to the samnle of individuals
who gave the judgements of "objectionable". Likewise, the
interior of the Streamviewer would have to be modified in
accordance with loc:l conditions.

It is pointed out that the 5% OP score is an arbitrary
v-lue used in this study. By employing the normal curve
model, it is possible to obtain the 1% OP score, the 10% OP
score, or any other OP score from 1 to 100 per cent.
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APPLICATION OF RsSULTS

Conditions:

l. An industry discharges a purple dye waste continuously
into a stream.

2. The stream has an average flow of 20 cfs (cubic feet per
second), a seven day once in ten years minimum flow of 2
cfs. The waste discharged varies from 1 mgd (millior
gallons per day) to 3 mgd with an average of 2 mgd.

Problem:

1. How is a standard set for this stream (5% OP score)?

2. How much color much be removed from this waste to meet
the stream standard?

Steps to be t ken:
1. Measure the color of the stream at minimum flow conditions.

Use the Stream Colorimeter and obtain the tristimulus
filter values.

ixample: A (Amber) G4
B (Blue) 71
G (Green) 91

2, Draw a samnle from the population which is in contact
with the stream.

lixample: 20 subjects

3. Add dye waste to original stream using Streamviewer
apparatus. Keep record of amount of colorant added.

L. When subject finds the color of the water objectionable,
record the amber, blue, and green filter readings and the
ratio of the volume of colorant to the volume of water
in the trough.

Example: Subject objects when A-84, B-65, G-80 and
ratio is 2.40 parts of colorant to 5.00
parts of water.

5. Work color-diiferernce formula to find color-difference
score between original color of stream and each of the
colors objected to.

Examnle:

I. General formula
AE = [(Lo = L1)2 + (ag - al)2 + (bgy - bl)%]%
A -G

A+ B + 2G

L = 100 (a)? o -
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.4 (G - B)
a=7L=x (5’: E + B+ 30

N

Sub "o" indic~tes values for original color of stream
Sub "1" indicates values for color found objectionable.

ZSE is the color difference in National Bureau of Stand-
ard's color units.

II. Specific problem

Original color Objectionable color
A 9L A 8L
B 71 B 65
G 91 G 20
Lo = 953.54 Ly = 894.43
a = ,0086 A= 0129
A = .0231 B = .o194
ag = 5743 a, = 8C.77
by = 154.25 by = 121.46
AE =[(59.51)2 + (-23.34)2 + (32.79)2) 3
AE = (5161.38)%
AE = 71.8,

€. Rank color differences and ratio of colorant to stream water.

Examnle:
AL value vol of colorant AE value vol of colorant
vol of stream vol of stream
126 2.94/5 72 2.40/5
122 2.90/5 g 2.40/5
114 2.82/5 70 2.38/5
96 2.67/5 62 2.30/5
93 2.,01/5 53 2.21/5
87 2.55/5 49 2,1675
86 2.54/5 48 2.16/5
23 2.51/5 L7 2,;15/5
82 2.50/5 L2 2.10/5

79 2.47/5 25 1.93/5
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11.

From the E scores determine the 5% OP score.

75450

6 .47

5% OP = 75.50 = (1.65) (26.47) = 32.00 + AE

Lxamole: MeanA E score

Stand, Devia.

Determine the colorant-to-stream ratio which gives the
5% OP score.
(Linear interpolation)

dxample: AE value ratio
L2 2.10/5

intervolate  (32) (2.00/5)
25 1.93/5

Determine industry's present volume ratio at minimum
stream flow and maximum discharge rate.

Examole: 8 cfs = 5,170,176 mgd (min. stream flow)
3,000,000 mgd (max. discharge rate)

Ratio (rounded for computational ease) is 3/5.

Compare the present ratio in step 9 with the desired
ratio in step & and determire how much colorant must
be removed. The assumntion is that the volume ratio,
3/5, cannot be changed and that the amount of color-
ant in the discharge must be reduced.

Exam-~le: Present ratio - 3/5

Lesired ratio - 2/5

idere it is necessary to remove one third of the colorant
from the waste so that the amount of colorant preserntly
found in two parts of waste will be the same as that
found in three pnarts of waste after the reduction is
effected.

As the rate of flow of the stream changed, the percerntage
of waste to be removed will change. As the rate of
discharge changes, the percerntage of waste to be removed
will change. As the concentratiorn of colorant in the
discharge changes, the percentage of waste to be removed
will change. The percentage of waste removed, no matter
what conditions of the factors mentioned above prevail,
will always be of a magnitude so that a color difference
value of AE = 32 or less is maintained in the stream
between points above and below the place where the in-
dustrial discharge enters the stream,

SUNMARY

Twenty subjects observed one at a time as a simulated

36,
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ratural stream was changed in color by the addition of each of six
different colorants. Every subject indicated when the color of the
stream became objectionable for each of the colorants. A color-
difference formula was used to determire how greatly the objection-
able colors differed from the original color of the stream. The
distribution of scores for each of tiie colorants was examined and
found to be normally distributed. Using the normal curve model,

5% OP scores were determined for each of the separate colorants.
These Sp OP scores revresent color differernces betweer the orig-
iral stream color ard the color resulting from the addition of a
colorant which are ouvjectisnable to fewer than five per cent of

tie population renresented by the sample used. A specific aponli-
cation is presented to illustrate the possible use for the results
obtained.

COI.CLUSIONS FROM STREANM CULORIMSTER METHOD

The point at waich the color of a stream becomes obJectlanable
258 a result of the addition of a colorant can be gqualified in terms
of a number., Tnis number revpresents the di:ference between the
original color of the stream and the certain color objected to.

The color-diilererce scores for the addition of any certain
colorant were found to be normally distributed in the sample used
in this study.

From the findings it is inferred that the normal curve model
can be emnloyed to determine color differernces which will be ob-
Jjectionable to certain percentages of the population.

2 - PHOTOGRATHIC METHOD

This consists of a means by which photographs are taken of
str-ams above and below the point of suspected rollution which will
siow the effect of orgaric matter pollution through tonal changes
on the photogranhs.

If nhotogranhs are taker. at two points on a stream for the

rur~ose of registering a pollution differentizl there are obviously

variables other th-n »nollution which will cause a change in the
photogranhic tone. The main variables involved are stream depth,
color of the stream bottom, physical condition of the water surface
angle at which the »hoto was taken, and light intensity. The
assumptions are made that both camera and film are identical in each
case; and that film processing procedures are standard.

Thus, unless many of these variables are eliminated the
problem b.comes impractical. By taking a sample at each point in
tiiz stream ard nlacing them in identical containers, the above
variables may be eliminated through the recording of both samples
with a single exposure, fach container would be made of the same
colored material ard have the same depth. The water surface would
be calm in both cases, aru the relative light intensity and picture
takiirg angle idertical.
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The containers to be used when the pictures are taken will play
an important part in the experiment. They should be as deep as
practically possible since tonal variations caused by pollution are
to be measured, and quite logically the tone evident at the surface
of a polluted solution will bs=come darker as the depths of the
liquid increase., The rate of tone differential due to depth will
be less for the purer solution; and therefore some advantage will
be realized through the use of deep containers.

The above mentioned containers were photographed in the field
close to the area where the second sample was taken, This reduced
the transporting of samples and equipment to a minimum,

Different films or filters, whether used in combination or
not, will give a variety of results. Also any given film or film
and filter combination will act differently depending on the light
intensity at the time the picture was taker.

After an adequate corntainer is decided uron the problem
reduces itself to one of ~hotogravhing the samples under different
film, filter, and light conditions, to determire the best comb-
ination. It may very well prove that the above combination will be
peculiar to the type of pollution.,

The pictures for this initial study were taken by a Kodak
Signet 35 mm. camera.

Two types of color film were used initially. (Filters were
not used.)

1. Gictochrome - 32 (accent blue and green)
2. Anscochrome - 32 (accent orange and red)

The initial experiment utilized the following tynes of
containers:

Ten quart galvanized pails (2)
Two liter laboratory beakers (2)

The results of the first set of pictures will establish a
hasis for consideration of additional films and/or filters.
The following six slides illustrate photographically the
effects of pollution in the Creek.

The sites selected were on a small creek just upstream and
downstream from a small primary sewage treatment plant. No
other sources of pollution are known to exist at these sites.,
However, samples were collected on a day following heavy rains.
An atrormal amount of natural turbidity arisirg from s»il erosion
was evident in the creek., RBEecause of this turbidity any color
effect from the sewage pollution was minimized, In fact, some
doubt existed as to whether any sign of color pollution could
be shown under these conditions.

If under these cornditions, a color change could be shown, the
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authors feel it could certainly be demonstrated under normal receiving
water conditions,

, Polluted and non-polluted samples were also analyzed in the
laboratory to determine the degree of correlation between tonal
color difference and pollutional characteristics. The following
sanitary analyses were carried out:
1. Dissolved oxygen
« B0,

» Visible color {spectrophotometer 400-7-- Mu)

. Total organic matter - ash

2
3
L
5. pH
6. Temperature
7. Susnended solids
8. Turbidity
The analytical results are expressed in Table I, Transmitted
color results are shown in Fig. 9,

DISCUSSION OF PHOTOGRAFPHIC METHOD

Some slight visual color differences were evident on the photo-
granhs. This existed despite the fact that the naked eye could
neither detect color difference in the stream nor the beakers. In
this instance the anscochrome film showed slightly better color
differences between upstream and downstream samples, However, the
ectochrome depicted better site differences. Therefore, a detailed
film tyve study appears justified. Color differences were also more
readily visible in the 2 liter beaker samples than in the galvanized
pails. Evidently the additional light obtained by transmission and
reflection through the sides of the glass beakers enhanced detection
of color differences. This indicates that a more comprehensive
study of the container design and material should be carried out.
Color differerces in the beaker samples were noticed both when viewed
from a line of sight horizontal to the beakers and from a location
directly over the beakers, Selection of the exact location for taking
the picture can only be determined after many ddditional experiments.
It also appears that a high intensity of light may be desirable when taking
the photographs. Polaroid film taken and developed immediately may be use-. .
ful in determining whether a significant color difference and therefore
proper samvling noint exists,

The sanitary analysis shows that there is a significant difference
in the quality of upstream and downstream water samples. For examnle,
the BOD of the downstream (polluted) sample was about 5 times that of the
unstream sample. On the otner hand, the upstream sample contained more
turbidity ard susperded matter than the downstream sample. This is even
more dramatically illustrated by the spectro~hotometric analysi~ (Fig.9)
showing a decresse in transmitted light at all visible wave lengths in
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the upstream sample., However, no difference in dominant wave
lengths is evident from the spectrophotometer analysis. A more
sensitive means of detecting color differences - such as the Stream
Colorimeter - may be necessary in this case. The fact that the
photographs showed differences in purity of samples and the spect-
rovhotometer also illustrated this phenomenon - while neither
showed a difference in hue is quite interesting., It suggests

that a color difference as indicated by the one characteristic,
purity, may be the most significant change due to sewage pollution.

SUMMARY

Existing methods of color measurement are described
briefly. Two innovations in color measurements are presented
along with supporting data. Color differences rather than color
concentration are emphasized in both newer approaches. Stream
Colorimeter and Photographic Methods both offer considerable
promise for measuring and quantifying color differences. A
considerable amount of research is called for in the two new methods
of color measurement described herein.
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TABLE I

Sanitary Analyses of Upstream and Downstream
Creek Samples

Upstreanm Downstream
(Non-polluted) (Polluted)
Temperature (°c) 17 15
pH 759 7.8
Dissolved Oxygen (ppm) 9.0 8.3
B.0.D. (20°C 5 day) 2.7 12,2
Total Solids (ppm) 521 617
Total Ash Solids (ppm) 419 486
Total Organic (ppm) 102 131
Suspended Solids (ppm) 174 108
Susperided Ash (ppm) 154 90
Suspended Organic (popm) 20 18
Total Dissolved Solids (ppm) 347 509
Dissolved Ash (ppm) 265 396
Dissolved Organic (ppm) 82 113

Turbidity (ppm) 50 3.5
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The discharge of metal-bearing wastes by industries to our
nation's waterways is a matter of increasing concern to public health
authorities., These waste often contain metals in various combinations
with anions and other cations. The standard technics for their analyses
are time consuming. Therefore, a screening technique to eliminate
analysis for metals that may not be present and to indicate those
that are present is much to be desired. If it will also indicate the
optimum sample volume for standard analysis, it will be of added
value. With these needs in mind, a study was conducted on the use of
the polarograph.

HISTORICAL (1)

The analytical technic known as polarography was originated
and developed about 1926 by Professor Jaroslav Herrovsky at Charles
University, Prague, Czechoslovakia. The principle is based upon the
unique properties displayed by an electrolytic cell consisting of
a nonpolarizable reference electrode, a readily volarizable electrode
in the form of a mercury drop falling from a capillary, and an
electrolytic solution containing small amounts of electro-reducible or
electro-oxidizable material. When an increasing electromotive force
is impressed across such a cell and the resulting current plotted as
a function of the apnlied voltage, a curve is obtained whose extension
along the current axis is directly related to the concentration of the
trace material, and whose inflection point is located at a voltage
characteristic of that material.
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THEORY

The metals most frequently encountered in wastes of this type,
and therefore included in this study, were copper, zinc, lead, silver
nickel, cobalt, chromium, cadmium, and iron. The level of significance
was taken to be C.Cl mg./l. Including a tenfold concentration of the
sample, the method would be required to detect coucgntrations of 0.1 mg.
/1. or, as exvressed in molar terms, from C.5 x 1C-OM (lead) to 2 x
10-6M (chromium). The lower limit of polarographic detection using
ordinary gqu%fTent and the dropping mercury electrode is said to be
about 1C~“M, This surgests that the concentrations of interest lay
at or just below the lower limit of detection.,

The mercury pool electrode mentioned in a series of papers
from Cornell by Cooke and his associates seemed more promising.(2Work

in this laboratory with a manually operated Fisher Electropode
showed that current potential curves obtained at a mercury pool cathode

in a stirred solution could give information about the identity and
concentration of several metals down to concentrations of several hund-
redths milligrams per liter, assuming a tenfold concentration of sample.
In unstirred solutions the sensitivity is decreased and the current
becomes a function of the rate of voltage increase.

A Sargent model XXI polarograph became available in the summer
of 1¢58 and led to a reorientation of the work in two directions.
First the sevenfold increase in current sensitivity of the new instru-
ment permitted reconsideration of the dropping mercury electrode.
Second, automatic voltage scanning and recording made it possible to
obtain meaningful curves at a mercury pool electrode in an unstirred
solution.,

Appvaratus and Materials
A. Polarograph
Fisher Electropode - manually operated with no recorder
Sargent model XXI recording polarograph

B. Reference Electrode

The reference electrode consists of a small helix of #24
silver wire chloridized by brief anodic treatment in dilute HCl. As
a matter of routine it was rechloridized at the start of every working
day. A brief rinsing in distilled water after the anodic treatment is
the only further preparation required.

Direct measurement showed that in nearly saturated KCl solutions
the Ag/AgCl electrode was about 25 millivolts negative to the saturated
calomel electrode (SCE), which is the usual standard in polarography.
All half-wave potentials in this report are, unlecss otherwise stated,
referred to the silver-silver chloride electrode in nearly saturated
KCl. To convert them to the basis of the SCE, add -C.C3 v.

It should be emphasized that the pool and the dropping
mercury electrode (DME) were usually negative to the reference elec-
trode. In some solutions it was possible and desirable to start the
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voltage scan at a slightly positive potential (positive with
reference to the Ag/AgCl electrode), but what is referred to as

an "upward" scan took the potential of the pool or DME always
toward larger negative values, and the "downscan" was from large
negative values to small negative values, to zero and sometimes to
positive potentials. Half-wave, half-peak, and other potentials
are marked + or - depending upon the sign of the pool or dropping
electrode.,

C. Cell

This cell (See Figure 1) was designed to permit the DME
and pool electrode to be used interchangeably without disturbing
the solution. It was constructed from a 6-inch Pyrex test tube.

A sintered(§ ass bubbler, made from Pyrex glass powder between 140~
200 mesh, was sealed in the bottom. This bubbler permits the
passage of nitrogen through the solution for de-aeration. A two-
way stopcock permits the passage of nitrogen either through or

over the solution when polarograms are being made.

When the pool electrode is used, mercury is added to form
an annular layer in the bottom surrounding the bubbler tube. Its
area, which within limits is not %ependent upon the amount of
mercury added, is roughly 0.8 cm. A platinum wire passing through
the bottom of the cell permits connection of the mercury pool to
the polarograph lead.

When the DME is to be used, the capillary, held in a rubber
stopper, is simply inserted through the top of the cell,

D. De-aeration

Oxygen is readily reduced at a mercury cathode and must
be removed from solutions prior to polarographic analysis.

Tank nitrogen is frequently used for de-aeration prior
to polarographic analysis. The high sensitivity of the pool ele-
trode demands that the traces of oxygen, contaminating commercial
nitrogen, be removed. Commercial nitrogen passed through a spiral
wash bottle containing vanadyl sulfate solution, (4) then through a
fritted glass bubbler into the bottom of a centrifuge bottle con-
taining vanadyl sulfate solution, and finally through a second
bubbler into a centrifuge bottle containing water, meets these
requirements. The outlet tube of each of the two centrifuge bottles
contains a simple trap to catch spray carried by the gas stream.,
Before the wash bottle, the system is connected to a ?rﬁssure relief
device. All connections are made with Tygon tubing. (5) In more
recent work this method was abandoned. The nitrogen is now passed
over copper turnings at 450°C. A furnace for this operation is
commercially available.

Two drops of 95-per-cent ethanol are added to 10 ml. of
the solution under examination to reduce the size of nitrogen
bubbles, and thus increase the speed of aeration. (1)
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As will be seen later, it is necessary to replace the
solution in the cell by another solution without disturbing
the mercury. The new solution must be substantially free
from oxygen before it is added. This is accomplished by a
pre-deaeration cell made from a Pyrex test tube by attach-
ing a side arm and sealing a fritted glass bubbler in the bottom.

E. Mercury

Mercury was purified by shaking with nitric acid. Persistent
irregularities at the p?g} electrode were reduced by adding the
mercury from a burette, The mercury is now purified in a commer-
cial "Oxifier" and then filtered through a gold leaf filter,

F, Other Materials

Double distilled water stored in polyethylene bottles was
used throughout the study. All chemicals were C,P, or reagent
grade with the exception of the ammonium hydroxide., All of the
commercially available ammonium hydroxide tested at this laboratory
contained small amounts of heavy metals. Therefore, it was prepared
by passing cylinder ammonia through double distilled water until
an approximately 7 M solution was obtained. In later work, the
ammonium-sulfate supporting electrolyte, prepared by the neutral-
ization of sulfuric acid with ammonium hydroxide, was purified
from traces of heavy metals by extraction of dithizonates into
carbon tetrachloride.

PROCEDURE

A, Care of Cell

All glassware, including the cell, is washed with 6 M nitric
acid followed by several rinses with distilled water and finally
with double distilled water. Care should be taken, when emptying
the cell, that the potassium chloride in the side arm does not enter
the main body of the cell.

B. Cell preparation

Saturated ammonium sulfate solution is added to the side
arm to fill about half of its height (See Figure 1). A saturated
KCl solution is then added carefully to the outer end of the side-
arm to just push the ammonium sulfate solution up nearly to the
junction of the side arm with the cell. The chloridized silver
wire described previously is inserted into the KCl solution.
Double distilled water is added to the cell to a level just below
the junction of the side arm. About eight drops of saturated
ammonium sulfate solution and two drops of ethyl alcohol are added
to the cell. Nitrogen gas is bubbled through the solution in the cell
for a few minutes to prevent oxygen in solution from entering the
side arm when the level in the cell is subsequently raised.
Additional water is added to close the junction between the solutions
in the cell and the side arm, and nitrogen is bubbled through the
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solution for several minutes more. Next, the mercury pool is added
from a burette to form a layer on the bottom. The face of the bub-
bler should not be covered. Nitrogen is then bubbled through the
liquid in the cell for an additional few minutes. In all, the
bubbling time should be at least ten minutes.

C. Upward Scanning

The initial run with the pool electrode usually gives an
irregular curve with a high residual current. Basic salts or oxides
of mercury or of contaminating metals are probably involved in this
effect, and perhaps also traces of "grease™ or other organic sub-
stances. A preconditioning of the mercury eliminates most of these
troublesome irregularities. This is accomplished by running about
two automatic voltage scans on a distilled water blank prepared as
described in section B.

When the supporting electrclyte was ammonium sulfate, scans
were from +0.2 v, to - 1.8 v. When ammonium hydroxide - ammonium
sulfate was used, scans were from 0.03 to 2.C v. Before actually
running a curve with automatic scanning, it is worthwhile to scan
the voltage up and down rapidly several times by hand. This serves
to remove some of the worst irregularities.

Next run a curve with automatic voltage scanning by-passing
the nitrogen over the solution. A sensitivity of 0.02C ua/mm. is
suitable and the voltage should be carried up until the current goes
off-scale. Return the per cent span dial to zero and repeat. The
second curve is usually lower and smoother than the first.

D. Downward Scanning.

Downward scanning of the voltage is often instructive, since
it tends to redissolve or strip from the mercury pool the metals
deposited into it during the upward scan. These stripping or anodic
waves may be more characteristic than the cathodic waves or peaks
found on the upscan.

In interpreting downscan curves, both the voltage and the
current axes must be read backwards. The positive time direction
along the chart now corresponds to a decreasing avpplied voltage,
and a curr=nt rise from right toward left on the chart now means
an anodic current, since the DME switch is in the positive position.

E. Prevaration of Samnle.

One hundred ml. of sample is brought to fumes with O.1 ml.

concentrated H,SC, . If necessary to remove organic matter, concentrate

HNO, is added drop-by-drop until the sample becomes clear. Excess
HNO% is removed by washing the sides of the flask with double
distilled water and again bringing to fumes. Fuming also removes
chlorides which produce serious interference in the determination of
copper.

After the flask has cooled, the acid is neutralized with
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metal-free ammonium hydroxide and the excess ammonia removed by
boiling until the odor of ammonia disappears.

VMake the solution up to about 10 ml., filter, and add to
the deaeration cell. Add 2 dps. of 95-per-cent ethanol and
de-aerate for 10 minutes. HKemove the distilled water blank from
the polarographic cell with a pipette without disturbing the
mercury. To protect the mercury from oxygen, keep a good current
of nitrogen flowing while the blank solution is being removed
and while the samrle is transferred from the pre-deaeration cell.

F. Polarograms

Bubble nitrogen through the solution in the cell for
a few minutes to ensure removal of traces of oxygen which
may have found access during the transfer. Meanwhile, make
a quick manual voltage scan to precondition the mercury.
By-pass the nitrogen over the solution and scan at least
two unward and one downward curves with automatic scanning.
Two curves are recommended as a minimum because irregularities
removed in the preconditioning process may recur after trans-
fer of a new solution to the cell, and also because the
waves for certain metals seem to be higher and more distinct
after the first upward scan. By making two or three scans,
the risk of mistaking an accidental and transitory irregularity
for a significant wave is reduced.

If the DME is to be used, insert the dropping electrode
into the cell (with the nitrogen still by-passed over the solution)
so that it dips into the upper part of the solution. Adjust the
height of the reservoir to give a drop time of 4 or 5 seconds,
and run a polarogram at suitable sensitivity.

After suitable curves have been run with (NHh) S0
sufficient ammonium hydroxide is added to make the soiut%én
about 0.4 M in NH3, Nitrogen is bubbled through the solution
for a few minutes to insure good mixing and remove any oxygen
that may have been entrained with the ammonium hydroxide.

If the DME has added so much mercury to the pool that
the fritted bubbler is covered, suck out the excess with a
drawn-out rubber bulb pipette.

After curves have been run in the presence of free
ammonia, it may sometimes be advantageous to add about 300 mg
of ethvlenediaminetetraacetate (EDTA-the disodium salt was
used), This powerful complexing reagent pushes the reduction
potentials of most of the metals involved in this study to
such negative values that they no longer give reduction waves.
Curves run at the pool electrode in the presence of EDTA
give little or no information, but at the -DME, copper and
lead give waves at more negative potentials than without it.

If interferences in other curves have left doubt concerning the
presence or absence of these two metals, curves run at the
DME after addition of EDTA may settle the question. Otherwise,
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addition of EDTA is not worthwhile. The foregoing statements apnn»ly
when EDTA is added to an ammonium sulfate solution containing
excess ammonia. Its effect on curves obtained under other con-
ditions has not been examined.

G. Interpretation of Polarograms
l. At the DME, There is extensive literature on the inter-

pretation of conventional polarograms. (1,5) Half-wave potentials,
E,, were read off at the half-way point of the rise as determined

b# inspection or by a rough measurement. No correction was made

for current resistance (IR) drop across the resistors in the measuring
circuit.

Wave heights in favorable cases were easily measured
vertically through the half-wave potential between straight-line
extrapolations of the sections of the polarogram immediately
preceding and following the wave, When the wave being measured
was immediately preceded or followed by another wave, this pro-
cedure was less certain, but the wave heights were usually good
enough for present purposes.

2., At the pool electrode. The literature gives much less help

in interpreting curves obtained at the »no»l electrode.

A peak is obtained at a pool electrode in a quiet solution.
The decrease in current following the peak is due to depletion of
the reducible species in the neighborhood of the electrode in the
absence of stirring. They also found that peaks were higher the
greater the scanning rate.

In this report the term "wave" is often used in a general
sense to include peaks.

Half-wave or half-peak notentials, Eé’ were located by
inspection or with the aid of a rough measurément of height. They
were usually not uncertain by more than about 0.01 v.

Measurement of wave heights was less certain because of the
variety of shapes encountered, When the current rise was immediately
preceded by a minimum and/ or followed by a maximum, measurement was
made from a horizontal tangent drawn at the maximum or minimum.
Otherwise, a preceding or following straight segment of the curve
was extrapolated as well as possible, and the wave height was mea-
sured vertically along the ordinate through the half-wave potential.

Stripping waves or peaks (more properly, valleys) obtained
when the voltage was scanned downward were measured similarly.
RESULTS

A, Effect of Contaminants

In order to distinguish between features of polarograms made
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by the metals being studied and the effects of substances accidentm
ally present, the behavior of the latter was investigated.

l. Oxygen. Dissolved oxygen gives two waves at the DME.(5)

The first comes quite near the start of the voltage scan, at around

-0.1 v.; the second, with a more gradual rise, has a half-wave
potential bLetween -0.9 and -1.0 v. At the pool electrode oxygen
has a similar effect.

2, Chloride. Use of a sulfate-supporting electrolyte in

place of chloride makes it possible to start the voltage scan at

a more possitive potential. In such a sulfate solution, therefore,
chloride is an objecti»onable contaminant. It makes its presence
known at the pool c athode by a very high, narrow peak between +0.,2
and C v,

3. "Grease". Occasional sharp peaks observed at the pool

electrode at potentials more negative than -1.1 v, were perhaps caused
by traces of fatty oil. Dispensing of the mercury from a burette in
which it has stood for at least 24 hours, appeared to eliminate all

or nearly all of the effects attributed to grease.

L. Hydrogen ion. The final rise due to hydrogen re-

duction occurs a? ? less negative potential at the pool electrode
than at the DME,(7 The higher the hydrogen ion concentration,
the less ne%ative the potential at which the reduction of hydrogen
ion begins., ' Therefore in strongly acid solutions, little useful
information can be obtained at the pool electrode.

A possible source of contaminating acidity may be over-
heating of the ammonium sulfate in the preparation of the sample.

B. Discussion of Metals Individually and in Certain Combinations

Tables 1 and 2 summarize the results of the study of
individual metals and certain combinations. These data were
obtained from samples containing known concentrations of metals
in double distilled water. All were treated by the method des-
cribed for the preparation of samples, i.e., by successively (1)
evanorating 100 ml. of sample to fumes with 0.1l ml. concentrated
sulfuric acid; (2) adding excess ammonium hydroxide; (3) boil-
ing off excess ammonia; and (4) diluting to 10 ml. The resulting
solutions were about 0.12 M in ammonium sulfate. Additional curves
were obtained in these solutions after successive addition of (1)
enough ammonium hydroxide to make the solution about 0.4 M in
ammonia and (2) about 100 mg. of EDTA,

All potentials in the following tables are with reference
to the Ag/AgCl, saturated KCl rei'erence electrode and uhless
otherwise stated are half-wave potentials,
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Mumbers marked "ppm/ua' are reciprocally related to wave-
heignts., From them estimation of the approximate concentration
respvonsible for a wave or peak is possible, For most of them a
wide variation is indic-ted. This is the actual variation found
in a number of runs. When the number of comparable runs is small,
the variation found may be misleadingly small., These recinrocal
wave-heights should be regarded as only a very rough indication of
concentration because of : (1) lack of standardization of conditions;
(2) uncertainty in measuring heights from the curves; (3) influence
of neighboring waves or peaks on the one being studied. When no
reciorocal wave-neight is given for the solution containing excess
ammonia, it may be assum=d to L2 about the same as th-t for tne
ammonium sulfate solution without excess ammonia.

Recent work has been aimed at improving the accuracy and
precision., Although this work is still not complete we are honeful
that we will be able to determine quantitatively lead, zinc, cadmium,
nickel and copper in concentrations as low as 0,01 p.p.m. with a
standard deviation of about + 10 per cent.

Voltages ernclosed in parentneses and marked* apply to anodic
stripoing observed when the potential is scanned downward. No
reciprocal wave-heights are given with these, since, in general,
stripping waves are of about the same magnitude as the cathodic
waves found on the upscan,

A more complete discussion of the phenomen?gﬁummarized in
tables 1 and 2 may be found in the work by Porter,'®

Figures 2a, b and ¢ show the characteristic behavior at
both the DME and the pool cathode of cadmium, copper, lead, zinc,
and nickel. The solution analyzed was prenared to contain the
following metals by the prescribed procedure.

Cu 0.2 mg/l

Pb 2.0
Cd ) wlt
Zzn 10.0
Ni 0s5

Curve 1 of Figure Z2a shows the polarograms of this solution
made at the DME with ammonium sulfate as the supporting electrolyte.
The wave for copper is several times as high as would be expected
for this concentration; contamination may be suspected. The lead
and zinc waves are normal. The cadmium is too dilute to be detected
with certainty. The nickel which is about at the limit of detect-
ability is oversnazdowed by the high zine concentration.

Curve 2 shows the chuaracteristic more negsative initial rise
caused by the excess ammonia promoting anodic oxidation of mercury.
The wave at -0.,42 v, may be due to either copper or lead since they
overlar in ammoniacal solutions. Comolexing by ammonia has deferred
the reduction of zinc permitting the wave for nickel to te seen,

For curve 3, 300 mg. of ZDTA has been added to the solution, The
initial rise is still more negative, LDTA makes the reduction
votentials of nearly all metals so negative that their waves are
lost in the final rise due to hydrogen rzduction. Of the metals
oresent only lead gives a wave.
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In figure 2b are shown the pol-rograms for upscans at the
pool electrode, Curve 1 shows the polarogram when the solution
was 0.18 M in ammonium sulfate. The copper and lead waves are
typical. The low cadmium concentration shows up distinctly though
its wave is smaller than it would be if not preceded by a high
lead peak. When the scan reached -0.68 v. the sensitivity was
reduced to 0.2 of the previous value or to 0.100 ua/mm, so that
the zinc wave could be recorded. Even in the absence of zinc it
is doubtful if nickel would have given a distinct wave in this
solution,

Curve 2 represents an unscan of the solution with a nool
electrode in the vresence of an excess of ammonia. The first
reduction wave of copver is very small because of the high peak
preceding it., This peak is probably due to reduction of mercury
which had been anodically oxidized just before the start of the
unward scan. To avoid development of such peaks the notential
should not be allowed to become unnecessarily positive. Ammonia
increases the separation between cadmium and lead which is
advantageous when there is a large amount of lead and little
zinc. The nickel and zinc waves are also separated by ammonia
as ther are at the DME,

Figure 2c¢ shows the stripping curves obtained at the
pool electrode., Curve 1 was run in a solution which was
0.18 M in ammonium sulfate. The high zinc concentration gives
a very deep stripping wave (off scale). Cadmium is barely
noticeable at this sensitivity. If the potential had been
left at about -0.8 v, for a short time to dissolve most of the
zinc out of the pool, and if the scan had been continued down-
ward at the higher sensitivity, the cadmium wave would have
been more evident., The lead and copper stripping waves are
typical.

Curve 2 was run on the same solution in the presence of
excess ammonia. The zinc and cadmium dissolve at a more nega-
tive potential in the presence of ammonia. However, cadmium
shows up better here than in curve 1 because of the increased
sensitivity. The strong anodic lead wave may hide the more
negative of the two copper waves since they have nearly the
same potential. The less negative copper wave is typical.

APPLICATION TO ACTUAL SAMPLZ

A comparative study was conducted on nine metal-bearing
samples which had been sulmitted to this laboratory for analysis.
Comparison was made between the results obtained using the quiet
mercury pool electrode, the dropping mercury ele?t ode, and the
colorimetric procedures used in this laboratory.(9 The results
are given in table 3. The investigation was restricted to the
analysis of lead, copper chromium, zinc, nickel, and cadmium.

Iron and silver cannot be determined by the procedure as it now
stands. Cobalt was not found polarographical in any of the samples
examined,
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The results of this study show that copper, nickel, cadmium,
lead, and zinc can be determined on a semi-quantitative basis polar-
ographically. Chromium, however, was detected in only two of the
nine samples examined and appeared in the hexavalent form., Apparently
in seven of the nine samples examined, the chromium in the presence
of organic matter was all reduced to the trivalent state during
fuming with sulfuric acid. Waves due to trivalent chromium may
have merged with the final rise.

Of the six metals investigated, the determination of copper
gave the most nearly quantitative results. Chromium interference
was expected since the two have similar half-wave potentials.

Only in sample #473 did the chromium obscure the copper wave and
this was eisily resolved by a backscan since chromium does not
give a stripping wave. Lead, on occasion, (samples 471, 472, and
474, table 3), gave positive results polarographically where none
was obtained colorimetrically. This may have Leen due to the
ab-sorption of lead by the cell from a previously examined samnle,
However, these results were all 0.10 ppm or less. Since the vro-
cedure is to e used as a screening technique prior to wet analysis,
these occasional false readings will cause little difficulty.
Cadmium did not interfere with the determination of lead even when
cadmium was 100 times as grest as the lead concentration (samole
452, table 3).

Zinc and nickel were easily distinguished in all combinations
studied. An upscan in the oresence of excess ammonia caused suffi-
cient separation of their half-wave potentials to permit them to
be easily distinguished.

In general, the results as shown in table 3 indicate that
the quiet pool electrode is more versatile than the dropping mercury
electrode. Concentrations ranging from 0.01 to 6.0 ppm were deter-
mined using the guiet pool by merely changing the sensitivity or by
raising or lowering the curve by the controls provided for this
purpose. The dropping mercury electrode is of value for extremely
high concentrations such as were found in sample 4O5, table 3.
However, for some unknown reason most of the results obtained with
the dropping mercury electrode were considerably higher than the
results obtained using either the quiet pool electrode or the stand-
ard laboratory procedures.

Figures 3a and 3b are tynical of the polarograms obtained
in the examination of ~ctual samples, Curve 1 corresponds to an
upscan in 0.18 M ammonium sulfate using the mercury pool electrode.
Typical waves for chromium, coprer, cadmium, and zinc are obtained
although the half waves for cadmium and zinc are shifted about
0.04 v. to the negative. The concentrations obtained from wave
heizht measurements for chromium, cadmium, and copper were in good
agreement with the results obttained by wet analysis., The zinc
wave was, however, about three times as high as would be exnected.

Curve 2 was obtained by an upscan at the pool electrode
with an excess of ammonia. Two copper waves of ecual height can
be ob:served. The wave at -0.34 v., however, could be caused by
the presence of lead if it were not for the fact that no lead was
detected in curve 1. Well formed curves were oltained for both
cadmium and zinc and the determined corncentrations agreed quite
closely with those values obtained by wet analyses, The curve
for nickel, although somewhat obscured, is still detectable.
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Figure 3b shows the polarogram o! tained at the DME for the
same sample in excess ammonia. A well formed curve was obtained
and copper, cadmium, nickel, and zinc were easily identified in
concentratinons quite close to those obtained by wet analysis.

By proper selection of the type of curves to run, the average
time to complete the screening procedure was from two to three hours.
Most of the data secured in this study (table 3) could have been
obtained merely running up-and-down scans with ammonium sulfate
suonorting electrolyte and an upscan with excess ammonia added. The
dropping mercury electrode need only be used when high concentrations
of one or more of the metals are present.

CONCLUSIONS

Polarogra~hy can be used as a screening procedure for the
determination of copper, lead, nickel, cadmium, zinc, and possibly
cobalt, although this latter has not been studied sufficiently.

It was unsuccessful for the determination of iron, chromium, and
silver.

The method required from two to three hours to complete.
The results although semi-quantitative indicate which metals
are present and permit the selection of proper sample volume for
wet analysis. Although at present the method has not been in
use for a sufficient period to permit an estimate of the time
saved, indications are fzavorable.
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Table 1

Half-wave Potentials and Current Concentration Ratios
of Metals at the Mercury Pool Electrode

In (NHy),S0, + NH;,OH + EDTA
cd 0.52 to 0.56 v. 0.66 to 0.70 v. no wave
0.6 + 0.3 ppm/ua
<(0.50 to 0.53 v.) < (0,64 to 0.68 v.)
Pb 0.34 to 0.37 v. 0.38 to 0.42 v, no wave
2,0 + 1.0 ppm/ua
{031 8o 0.35 ¥ (0,37 to 0.39 v.)
Zn 0.96 to 0.98 v. 1.18 to 1.22 v. no wave
0.5 + 0.2 ppm/ua
(0.39 to 0.92 v. (1,16 to 1.18 v.)
Ni no wave 0.91 to 0.92 v. no wave
O.4 + 0.2 ppm/ua
P (stripping behavior
variable
Cu +0.02 to +0.06 v. 2 waves: variable
0.5 + 0.3 ppm/ua (1) 0.12 to 0.15 v.
(2) 0.38 to 0.42 v.
<(+0.07 to +0.09 v.) each wave about
0.6 to 2.8 ppm/ua
(0,08 to 0.12 v.
0.36 to 0.38 v.)
Co 1.01 v. 1.02 v, no wave
(range of potentials not known, probably about +0.02 v,)
0.25 + 0.1 ppm/ua 0.40 + 0.02 ppm/ua
*(stripgin behavior P(0.36 to 0.40 v.)
varia le%
Cr +0.10 v.; no wave high sharp peak just probably
(VI) |or peak if even a following initial rise no wave
trace of excess
|acid is present
¥(no stripping wave) p(no stripping wave)
Cr 0.86 to 0.88 v. not studied not studied
(III)|inadequately
studied
?e ) no clear indication obtained under these conditions
I
Ag not studied; it seems likely it would be reduced before the
initial rise and would raise the entire curve.

* Half wave potential of anodic strip

All potentials are negative unless marked +



Table 2

Half-wave Potentials and Current Concentration Ratios of
Metals at the Dropping Mercury Electrode

In (NHA)ZSOA + NHAOH + EDTA
Cd 0.57 to 0.59 v. 0.87 to Q.74 v, no wave
28 £ 5 ppm/ua
Fb 0.37 to 0.40 v. 0.43 to 0.47 v. 1.13 to 1.17 v.
100 # 20 ppm/ua abt.100 ppm/ua
Zn 0.98 v. 1.19 to 1.22 v, no wave
12 # 2 ppm/ua
Ni 1.0l to 1.03 v, 0.91 to 0.95 v. no wave
12 + 2 ppm/ua
Cu +0.02 to +0.05 w. 2 waves: 0.47 to 0.51v.
13 * 2 ppm/ua, (1) 0.17 v., often 20 # 10 ppm/ua
usually not seen
(2) 0.38 to 0.45 v.
each 25 + 5 ppm/ua,
usually
Co no wave 1.1l5 to 1,20 v, no wave
10 = 2 ppm/ua
Cr 0.02 # v, tends to merge with no wave
(VI) | 1.7 £ ppm/ua initial rise
%r ) not adequately studied -- probably no waves under these conditions
1TT
Fe possibly about 1.3 v. 1.35 e no wave in
(ITI) presence of
O.4 M NHAOH;
small wave at
about 1.3 v.
when nearly
neutralized with
sulfuric acid
Ag not studied

All potentials are negative unless marked +




Table 3

Pesults of Compsrison Study between

Polarographic Methods and Standard Methods of Analysis

Sampld ___copper(ppm) Chromium (ppm)|  Cadmium (ppm) Tead (ppm) Nickel (ppm) Zinc (ppm)

No. QMP DME VET QMP DME VET QMP DME WET QMP DME VET QMP DME WET QMP DME WET
471 0.05 = 0.05 0 - 0.14 0.01 - 0.05 0.03 - <0.03 |¢0.01 - (0.05 0 - -
472 0.03 0,03 0 - 0.04 0.01 - 0.06 0.03 - (0.03 |K0.01 - {0.05 0 - -
473 0.30 0.32 | 0.94 = 1.0 0.05 - 0.20 0.10 - 0.05 tr. - (0.05 tr. - -
474 0.07 0.06 0 - 0.12 tr. - 0,06 0.08 - (0.03 |[(0.01 - (0,05 0 - -
457 0.39 0.26 0.45 f 0.01 O 0.03 1.8 3.6 2.6 0 0 - 0.08 0.07 0,11 0.55 0.64 0.50
458 0.7 1.7 1.07 0 0 €0.02 6.1 13.8 3.0 0.06 0 0.02 0.10 0.34 0.25 0.93 0.68 0.64
405 - 13 7.8 0 0 0.11 Redy L5 1.9 0.8 - 0.7 - 1.7 1.2 - 8.4 45

38 0.58 0.68 0.24 0 0 4.7 0.99 8.1 1.6 0.05 - 0.02 0] 0 - 0 0 -
489 0.05 = 0.04 | tr. - 0.78 0,10 - 0.08 0.01 - 0.01 0404 - 0.10 0 - -
QMP = Quiet Mercury Pool
DME = Dropping Mercury Electrode
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FIGURE 2A . UPSCAN OF SYNTHETIC SAMPLE WITH DROPPING MERCURY ELECTRODE
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FIGURE 28 - UPSCAN OF SYNTHETIC SAMPLE WITH DROPPING MERCURY ELECTRODE
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FIGURE 2C - DOWNSCAN OF SYNTHETIC SAMPLE WITH QUIET POOL ELECTRODE
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FIGURE NO. 3A - UPSCAN OF SAMPLE NO. 457 WITH QUIET POOL ELECTRODE
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FIG. 3B - UPSCAN OF SAMPLE NO. 457 WITH DROPPING MERCURY ELECTRODE
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"DETECTION AND MONITORING OF PHENOLIC WASTE WATER"

By

A.D. McRae Loss & Waste Controller
Engineering Division
Imperial 0il Limited

F.H. Griffiths Chief Chemist
Edmonton Refinery
Imperial 0Oil Limited

R.G. Lane Chemist B,
carnia Refinery
Imperial Oil Limited

Presented by: C.C. Hunter

ABSTRACT

Restrictions on discharge of phenolic compounds to boundary
waters has led Imperial Oil Limited to provide facilities for cont-
inuous detection of phenolic contaminants in phenol plant cooling
water and subsequent automatic diversion of the water from the sewer
to impounding facilities prior to disposal. The principle of the
equipment was originally conceived by Dr. G. Gutzeit and his assoc-
iates of General American Transportation Co.

Detection is by continuous colourimetric analysis emnloying
the Gibbs Indolac method. Equipment is provided for continuous
mixing of sample and reagents, photo-electric measuring and recording
of phenol concentration and warning to operating perso:nel should
major contamination occur.

Contaminated water is diverted to impounding tanks automatically
by motor driven valves. These valves are operated by the recorder
on the phenol detector which is equipped with a switching relay.
When the phenol concentration in the cooling water reaches a pre-
determined level the valve on the cooling water return header closes
as the valve on the line to the impounding tanks opens.

Impounded water is burned in two vertical type incinerators.
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DETECTION AND MONITORING OF PHENOLIC WASTE WATER

INTRODUCTION

With present-day industrial growth, a corresponding
increase in the severity of pollution problems has arisen, This
factor cannot and has not gone by unnoticed by the general public,
who has demanded that some action be taken to d ecrease or erase
completely, many of these problems,

Pollution problems have been studied on Municipal,
Provincial, and Federal levels. Following these studies, several
objectives for nollution control have been set along with re-
commendations for meeting these objectives.

Sarnia, Ontario, which is located on International
boundary waters, has experienced a tremendous industrial growth
over the past twenty years. As a result of this growth, the
characteristic problems mentioned above were born.

In 1952, members of local industry formed the St.
Clair River Research Committee to discuss common pollution problems
and exchange proposed solutions to these problems. The situation at
Sarnia is perhaps even more critical due to the fact that the city
is located on an International waterway. All such waterways come
under the jurisdiction of the International Joint Commission,
which is composed of three Americans and three Canadians appointed
by their respective governments. Governments of the Provinces and
States bordering these waters are committed to carry out the find-
ings of the I.J.C. The Ontario Water Resources Commission, there-
fore, solicits the cooperation of local industry in maintaning
conditions in the St. Clair River Acceptable to the I.J.C.

In a report tabled by the I.J.C. in 1951, it was
stated that "Adequate protection should be provided for these
waters if the concentration of phenol or phenolic equivalents does
not exceed an average of 2 parts per billion and a maximum of 5
parts per billion at any point in these waters following initial
dilution. This quantity in the receiving waters will probably be
attained if plant effluents are limited to 20 parts per billion
of ohenol or phenol equivalents".

Imperial O0il Limited at Sarnia soon realized that
phenolic compounds were the most serious pollutants with which
the Refinery had to deal. The major source of phenolic compounds
at the Refinery are: Phenol Plant, Catalytic Cracking Unit sour
water, and Treating Plant wash waters.

In 1955 a Biological Oxidation Unit was commissioned
at Imperial's Sarnia Refinery to destroy 600 pounds per day of
phenolic compounds from the aforementioned sources., However, a
serious spill pf phenolic water from the Phenol Plant in December,
1955, revealed the necessity for some means of early detection
and proper monitoring of phenolic waste water.
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At Imperial's Sarnia Refinery a Cooling Tower was installed on
the process cooling water system at the Phenol Plant to reduce the
volume of water discharged to the river from this plant, The blow-
down from this tower is discharged to one of the oil-water sevarators
and then to the St. Clair River. A device for detecting phenol
contamination of the colling water was necessary so that the blowdown
could be directed to the Biological Oxidation Plant should the ohenol
content of the cooling water exceed 10 ppm.

A similar problem existed at Imperial's Refinery at Edmonton,
Alberta, where waste waters are discharged into the Saskatchewan
River. Authorities have limited the daily output of phenol in
these wastes to 2 pounds in winter and 16 pounds in summer. As a
result the whole Refinery has been put on a cooling tower system.
Cooling water from each unit is returned to a common cpoling tower
and then recirculated. A volume of water is continuously vpurged
from the cooling tower to the river and fresh makeup is added.

It is important, therefore, to detect any phenol contaminated water
and direct it away from the cooling tower. The Phenol Plant is the
main source of potential contamination and the installation of
detecting and monitoring equipment on the cooling water r=turn
line from the Phenol Plant to the cooling Tower was justified.

DETECTION

A, Preamble

The detection of phenolic materials in waste waters requires
some means of continuous analysis based on one of the standard
analytical methods. The General American Transportation Cornoration
of Chicago drew our attention to an instrument employing a nitrous
acid-mercuric nitrate reagent (Millons Rearent) which was quite
suitable for continuous analysis of waste water f or phenol.

B. THE INSTRUMENT

(a) Principle

The instrument quantitatively mixes samole and reagent.
After allowing sufficient time for colour development the resulting
colour solution is passed through one of two optical cells. A
sample containing no colour reagent is passed through the other
ootical cell. Light of wave lenpgth 40U millimicrons is passed
through the optical cells and the intensity measured by two matched
photoelectric cells. The ditterence in light intensity, which is
proportional to the amount of phenol in the sample is recorded on
a chart.

(b) Descriotion

The Phenol Detector was built by the Instrument Devartment
ot the Sarnia Refinery. The waste water sample and the reagent are
mixed by two stainless steel micro-bellows rumps. A coil is
supplied to give a residence time of approximately five minutes for
colour development before entering the optical cell. A similar pump
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charges the sample to the reference cell. The optical cells are matched
Aminco absorption cells. A 6 volt sealed-beam lamp provides the light
source which is passed through two 41C millimicron light filters.

The transmitted light is measured by two matched Weston photo-electric
cells and the difference in intensity is recorded on a circular chart

by a Brown Recorder. The recorder is calibrated so that it sounds

an alarm in the Phenol Plant Control Room when the phenol concentration
of the cooling water exceeds 1(C ppm.

(¢) Initial Service and Problems

After testing the instrument in the laboratory it was put
into service on the cooling water return line from the Phenol Plant
to the Cooling Tower. Performance was not too satisfactory due to
the following limitations:

(1) The 3:1 ratio of sample to reagent was difficult to
maintain with the resultant formation of a yellow
precipitate in the lines and the measuring cell.

(2) Millons reagent is costly (approximately ten dollars
per day) and difficult to prepare (500 grams of
concentrated HNO3 are added slowly with stirring to
500 grams of mercury. After the reaction subsides,
80C mls. of distilled water are added and the resultant
solution is mixed thoroughly.)

(3) Daily servicing by an instrument man was required due
to fouling of the instrument with sediment.

(d) Modifications

Subsequent to the installation of the Phenol Recorder at
Sarnia, a similar instrument was built and put into the same service
at the Imperial Edmonton Refinery. They experienced similar problems
to our own and offered the following modifications as a solution:

(1) Millons reagent was replaced with Indolac (Gibbs Method),
correspondingly the filters were changed from 4CC
mu to 625 mu,

(2) Facilities were installed for buffering the sample
prior to the addition of Indolac.

The use of Indolac reagent, which is easily prepared, eliminated
the problem of precipitation. However, new problems were introduced.
Gas bubbles were released uvon the addition of Indolac to the sample,
causing large fluctuations in the recording circuit as they passed
through the optical cell. Buffering to pH 9.6 caused the formation
of a carbonate precipitate on the walls of the measuring cell.

The addition of a drip pot in which the sample, buffer, and
Indolac are mixed solved the problem of air bubble formation by
acting as a venting vessel. The drip pot had certain other advantages
which led to its installation at the point of mixing the buffer with
the stream.
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These advantages are:

(a) It facilitates the setting of pumping rates since all
pumps are discharging at atmospheric pressure rather
than against the pressure of some other pump.

(b) It affords a visible check on 2ll three pumps so that
if one pump should lose suction it may easily be ident-
ified and suction resorted.

A Zeolite water softener and filter were installed in the
sample line ahead of sample pump suction. This eliminated the
problem of hard water precipitation and foreign materials getting
into the instrument.

The extra pump required for addition of the buffer solution
was made available by feeding the reference cell with line pressure
directly from the sample source, thus eliminating the pump for
reference feeding.

With the above modifications having been completed, the
continuous phenol recorder at the Edmonton Refinery is now giving
satisfactory service.

MONITORING

A. Preamble

In addition to detection, facilities are also required for
diverting, storing, and disposing of phenol contaminated waste
water. At Sarnia Refinery it was only necessary to divert the
water from the sewer to the already existing Biological Oxidation
Plant. Edmonton Refinery, however, recuired additional impounding
and disposal facilities.

B. Diversion

Contaminated cooling water is diverted automatically by
means of the closure of a sixteen inch motor controlled valve
on the cooling water return header and the opening of a twelve
inch motor controlled valve on the line to the impounding facilities.
The diversion valves are operated by the recorder on the phenol
detector which is eauipped with electric switches, the operating
point of which is adjusted by means of a set point adjustment.
A set point indicator is provided on the recorder chart. The
switching action is double pole double throw for operation of the
motorized valves. The reversing relays on the motor driven valves
are operated by the phenol recorder and connected so that as one
valve opens the other cloces.

C. Impounding

Contaminated water is diverted to two storage tanks which
have a combined capacity of 2C,7CC bbls.
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D. Disposal

The impounded water is burned in one of two phenolic waste
water incinerators at a temperature of 1500°F. to ensure complete
combustion of dissolved contaminants. Incineration of phenolic
water shows a better economy in the specific locality as compared
with flue-gas stripping and biological oxidation.
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REAGENTS

Indolac Solution

- prepared fresh daily by dissolving six tablets of Indolac

(2,6 - dibromoquinonechlorimide) in 1.5 litres of distilled water.

Millon's Reagent

- prepared by slowly adding 250 ml of concentrated HNO3 to

5CC gms of mercury. Add an additional 250 ml of concentrated HNO3
after reaction subsides. Finally add 8CO mls of distilled water

and mix thoroughly.

Buffer Solution

- prepared by dissolving 1C gms boric acid and 15 gms of KCl

in 1 litre of water and adjusting pH to 9.6 with NaOH. Three litres
per day required.

3.

4o
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LIME NEUTRALIZATION OF METAL BEARING ACID WASTES

V. S. TADSEN
DIEECTOR RESEARCH AND DRVELOPMENT
SONBURG 0 OMPANY

Where recovery acid and acid soluble constituents from certain
types of metal processing wastes is impractical from an economic
standpoint, lime neutralization of those constituents is often used.

Waste treatment of this type constitutes an expense item to be added

to the cost of the plant's product. As such, it is important to keep
treatment costs minimal. Because lime neutralization is a very broad
subjectl, the scope of this paper is limited to reporting experimental
work done with freshly slaked dolomitic quicklime®, and is further limited

2 typical analysis of the quicklime used in this

work is:

810, 0.32% Ca0 57.37
Fe203 0.08 MgO L1.37
A1,04 0.25 S04 0.08

L.0s1. 0©.52

This quicklime has a high slaking rate. Its calculated
equivalent weight is 24.3 as compared with 28 for
pure CaO.

to three phases of lime neutralization directly associated with the
design for and cost of acid waste treatment, namely:

1) The effect of quicklime slaking procedures
on reaction rates.

2) The effect of mixing rates on reaction rates.

3) The effect of mixing rates on sludge settling
rates and volumes.

Dolomitic quicklime is composed of calcium and magnesium
oxide in equimolar ratio associated with varying amounts of impurities
and must be slakes before using for waste neutralization. Lime
hydrate thus formed is only slightly soluble? in water and to obtain
practical concentration is supplied to a treatment process as a
slurry. We are dealing, then, with solid-liquid interfacial reactions.
These reactions may be complicated in practice by the formation of
reaction products on the surface of the lime crystallites.
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The reaction rate of dolomitic lime with acidsP is slow as compared
with high calcium limes or caustic soda.

bFor simplicity, any substance having a hydroxyl ion
demand will be called an acid.

This slower reaction, under certain conditions, may be advantageous
as we shall discuss later.

Theoretically, to increase the reaction rate of dolomitic lime
slurries with acids the simplest expedient would be to increase the
specific surface of the lime hydrate.3 This could best be done by
controlling slaking conditions. Figure 1 shows the effect of
slaking temperature on the plus 200 mesh residue of 10% dolomitic
lime slurries. The plus 2(C mesh residue is related to the average
particle size in the slurry. This has been confirmed by sedimentation
procedures and microscopic particle count. Slaking residue is a
simple index that can be used to determine slaking conditions® that
will produce a lime hydrate of high surface area.

CThe procedure used was to add 10% by weight of
minus 2C mesh quicklime to water at the selected
temperature contained in a modified Dewar type

flask equipped with a mechanical stirrer, stirring
for 20 minutes, then puring the slurry on a 20C

mesh (74 micronj testing sieve, washing the residue
on the sieve for 1C minutes with a water spray,
drying and weighing the residue. Percent residue is
based on the original weight of quicklime.

The slaking conditions, including temperature, concentration, rate
of agitation, and time, that result in a minimum residue should
produce a lime hydrate slurry having the highest surface area, and
therefore, reaction rates.

To confirm this lime slurries prepared at different temperatures,
all other slaking conditions being held constant, were reacted with
0.46% sulfuric acid (C.C94 equivalents per literj under constant con-
ditions ©,

dThe acid solution was prepared and placed in
the mixing tank, the impeller positioned, and
its speed set at 1(C r.p.m. Meanwhile, the
theoretical amount of lime plus 1C% was added
to ten times its weirht of water at the selected
temperature. The slaking apparatus described
earlier was used. After slaking for 20 minutes
the entire mass was poured into the acid solution.
The pH of the mixture was observed continuously
using a Beckman Model H-2 meter equipped with an
alkali resistant glass electrode and a calomel reference
cell.

Figure 2 shows the effect of lime slaking temperature on the reaction
rate of dolomitic lime slurry with 0.46% sulfuric acid. Sulfuric
acid was used in these tests because of its preponderant industrial
usage. Observe the reaction rate increases rapidly with increasing
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slaking temperature. Slaking at the higher temperatures coverts
substantially all of the magnesium oxide to the more soluble magnesium
hydroxide. Deamore and Machink have show the crystallites of
magnesium hydroxide are small as compared with those of calcium
hydroxide. This results in a larger specific surface and offsets

the very low solubility 2 (0.01 g/1) of magnesium hydroxide to

a large degree. The presence of sulfate ion, and the resulting
formation of slightly soluble calcium sulf~te on the surface

of the lime particles has a retardant effect on the reaction.

This series was run at a constant lime-acid ratio and it
is quite apparent the ratio could be reduced when using optimum
slaking conditions, thus leading to reduced lime consumption and
other less obvious operational economies.

The second phase of this study was to determine the effect
of agitation or mixing speeds on lime-acid reactions. Theorectically,
increased turbulence in the mixing tank should result in higher
reaction rates between the slightly soluble solid phase lime and
the liquid phase acid. This thought is further enhanced by the
possitility of increased liquid shear tending to disrupt the for-
mation of reaction producte on the surface of the lime particles.
High turbulence is contrary to the design of many waste treatment
plants which largely follow the old low velocity flow principles
for potable water treatment.

To study the effects of agitation on reaction rates and
floc formation a standard turbine impeller® and mixing tank design
was used. It consisted of a 4 inch diameter, four flat blade
turbine impeller operating on the central axis of a 1l.5 inch dia-
meter by 16 inch high cylindrical mixing tank with four one inch
wall baffles installed at 9C© to each other. The turbine was
operated at a distance of 4 inches from the bottom of the mixing
tank and driven by a variable speed drive. Rushton?, Mahony®,
Oldshue?, and Sachs® have studied the flow pattern of such mixing
devices extensively. Such a device is capable of being upsized
accurately. All subseauent neutralization runs were made on 16
liters of solution having a total hvdroxyl ion demand of 1.5
equivalents.

The first series was to determine the effect of mixing speeds
on the neutralization rate of sulfuric acid by dolomitic lime
slurry prepared by slaking at 18C°F. This slaking temperature was
used throughout the following work because early in this series it
was found that slightly erratic results were ottained from slurries
prepared at higher temperatures, probably due to boiling during
slaking adversely affecting the particle size of the lime hydrate.
Figure 3 shows the results of three neutralization runs using
impeller speeds of 1CC rpm, 15C rpm, and 3CC rpm. Observe the
curves more upward and to the left, and the terminal pH raises
significantly with increasing mixing speed. At the higher mixing
speeds a substantial reduction could be made in the quantity of
lime required to obtain a satisfactory terminal pH. It should be
pointed out that the magnesium hydroxide portion of the lime
is reacting quite rapidly and completely under these conditions.
This is in opposition to much published literature.
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The formation of calcium sulfate exhibits a small retardant
influence on the reaction at higher impeller speeds while the other
ma jor reaction product, magnesium sulfate, is completely soluble and
has no retardant effect. The degree of ionization of the second
hydrogen ion of the sulfuric acid has an observable influence. A
study of the reactions of the hydrochloric acid with dolomitic lime
confirmed these thoughts.

The second series studied the influence of mixing speeds on
the reaction of dolomitic lime slurry with phosphoric acid. This
was thought important because of the extensive use of phosphates
for pre-painting treatment of many metals and for rust inhibiting
treatment of steels. The results of this series are shown in
Figure L. Observe that mixing speeds, in the range used, have little
influence on the reaction rate or the terminal pH. The formation of
flocculant reaction products has some influence, but the major in-
fluence is the low degree of ionization of the second and third
hydrogen ion, and the resultant small driving force existant
between this and the magnesium hydroxide. The curves rise steeply
in the first half minute because the lime concentration is 230% in
excess for the first stage of ionization of the phosphoric acid.
The curves then break sharply to the right under the influence
of the second stage of ionization.

In the balance of this series studying the influence of mixing
rates on neutralization rate and the physical interference of re-
action products, 0.75 equivalents of various metal sulfates or acids
were mixed with C.75 egquivalents of sulfuric acid, thus the total
hydroxyl ion demand is 1.5 equivalents for each mixture.

Figure 5 represents typical reaction rate curves for a
ferrous sulfate-sulfuric acid mixture. The reaction rate is
increased and the terminal pH is raised with increasing impeller
speeds. Ferrous hydroxide forms a very tenacious floc and traps
lime readily. The hydroxyl ion demand of ferrous ion reaches its
maximum at pH 6 and the curves break over at this point. The
driving force for this latter reaction is small and it is probable
that much higher turbulence is required to break the floc film and
promote higher reaction rates. Investigation of this is being
continued.

Figure 6 shows the effect of substituting chromic acid for a
portion of the ferrous sulfate. At the initial pH of the solution
chromic acid oxidizes the ferrous iren to ferric, and the plus 6
chromium content is reduced to chromic. Plus 6 chromium can not
be precipitated by direct neutralization whereas chromic ions form
a very insoluble hydroxide. The reduction of plus 6 chromium by
ferrous sulfate in acid solution and consequent precipitation is
a common method of removinﬁ chromium from acid wastes. The curves
again move upward and to the left with increasing turbulence.

This reaction is influenced by the pH at which chromic and ferric
ions have their maximum hydroxyl ion demand. Ferric ion has a
maximum hydroxyl ion demand at pH 3.4 and chromic ion at pH 5.8,
The hydroxyl ion demand of this reaction mixture is very high in
the low pH range and the early floc formation retards the solution
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of lime. Referring to the curves, we notice the pH is still rising
after 16 minutes of mixing. Laboratory work showed that prolonged
agitation of this mixture, as well as most others in the series,
would produce a terminal pH between 9 and G..4.

It would be well to compare Figure 6, a reaction having a
high hydroxyl ion demand in the low pH range, with Figure 7,
representing the nickel sulfate-sulfuric acid-lime reaction which
has a hydroxyl ion demand in the high pH range. This latter figure
would appear to show a very high reaction rate, with little differ-
ence due to mixing speeds. This reaction mixture initially contained
0.75 equivalents each of nickel sulfate and sulfuric acid plus 1.65
equivalents of lime. The hydroxyl ion demand for forming nickel
hvdroxide is reached at pH €.1. During the very early stages of
neutralization there is a lime excess of 120% reacting with the
acid only. When a pH of 8 is attained the curves break sharply
with the formation of nickel hydroxide demanding hydroxyl ions as
rapidly as the remaining lime, mostly magnesium hydroxide, will
give them up. The driving force for this reaction is very small
and considerable time is required to complete the precipitation of
nickel hydroxide. Knowledge of these hydroxyl ion demand levels
is most essential to design effective and economical automatic
pH controlled systems for industrial waste treatment. If sampling
points are placed wrongly or retention times are too short, much
lime could be wasted or z poor quality effluent obtained.

The reaction of copper sulfate-sulfuric ~cid and dolomitic
lime is the most interesting of those studied. Cupric ion has its
maximum hydroxyl ion demand at pH 5.4. The hydroxide gel is very
tenacious and is an excellent clarifier. Interpreting the reaction
curves in Figure 8, we find at the lowest turbulence the sulfuric
acid is neutralized and copper hvdroxide is formed. The hydroxide
then flocs and traps the unreacted lime, holding the pH of the
mixture constant. Note the time scale and mixing speeds are
different from all previous figures. At 25C rpm impeller speed,
changes take place in the floc with increased turbulence causing
a lime release and a rise in pH after 35 minutes of mixing. At
3C0 rpm this floc change takes place much sooner =nd the pH rises
rapidly to near the equilibrium point of oH ¢ within 3C minutes.

It is probable that higher turbulence would be beneficial to this
reaction. This is being investigated. Further, it would be of
fundamental interest to determine what changes take place in the
copper hydroxide floc that would account for the observed tehavior.

Some of the behavior of flocs and sludges can be interpreted
by microscopy. The physical density of a floc can be determined
qualitatively by its optical and phvsical density will be. Higher
density leds to better settling rates and imvroved sludge compaction.

Figure 9 is a photomicrograph (5C u = 1 inch) of a well
formed ferrous hvdroxide-calcium sulfate floc four hours old.
The density of this floc makes it quite easy to study optically.

The solids content is about 5%. Figure 1C is the same floc
photographed with polarized light. This shows well developed aci-
cular calcium sulfate crystals. The work of Faust and Orford9
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has shown when sulfuric acid is neutralized with lime, this acicular
crystal form of calcium sulfate does not have the most desirable
settling characteristics. Seeding with sludge improves the settling
characteristics by producing larger acicular crystals, but seeding
with native gypsum produces a rosette crystal form having a high
bulk density. This results in high settling rates and greatly
reduced sludge volumes. Crystal seeding is less effective when a
hydrous metal floc is included in the system, but should be given
careful study in all cases where sludge volume, settleatility, or
filterability are important. The phvsical trapping of any high
density material, i.e., crystals formed in the reaction, foreign
material brought in with the waste, or even excess lime, will
improve settling rates and compaction. The floc in Figure 10

1s considered well formed because it shows minor optical properties
when only four hours old.

The rate of formation of hydrous metal floc has a great
influence on its physical characteristics., Figure 11 shows
electron micrographs of ferric hydroxide floc at 14C,000 diameters
(35,000 x e plus 4x optical). The floc at the right was formed
rapidly and shows the fibrous pattern of a gel. This is similar to a
metal floc formed by rapid precipitation with caustic soda,
soda ash, or a highly reactive high calcium lime., The floc in the
micrograph on the left shows the beginnings of crystallinity.

This floc was formed over a four hour period by the addition of
lime water to ferric chloride with vigorous agitation. Sub-
crystalline floc, as on the left, hold less water, is more dense
and has good settling characteristics. In this respect, the
slower reaction rates of dolomitic lime may be advantageous.

The third phase of this study was to determine the effect of
agitation ratees on floc settling rates and sludge volumes. Increased
turbulence does increase the reaction rate of dolomitic lime with
acids. If this increased turbulence would result in major changes in
floc character that would increase settling times beyond practical
limits, then the previous studies would be of little value in waste
treatment,

Samples of sludges were prepared by repeating the mixing
rate procedures described previously. Thirty minutes after the
lime slurry was added to the acid a 1000 ml, samole was siphoned
from the mixing tank at the plane of the impeller into a graduated
cylinder during sampling. This was a good indication that the
floc was not damaged by the higher mixing turbulence. To improve
the reliability of the settling rate data, the siphoned sample
was agitated severely immediately prior to the start of readings.
Samples must be at ambient temperature to prevent thermals being
set up in the graduate and disturbing the floc meniscus. Figure 12
plotes settled volume against time for the various mixtures. Except
for copper hydroxide, the settling rate curves for each mixture
were nearly identical for all mixing speeds. The copper hydroxide
curves show a reduction in settled volume with increased mixing
speed. This confirms the thought that a major change takes place
in this floc that is a function of time and mixing turbulence. 1In
all cases the settled sludge volume is low because only one half of
the sulfate ion has been precivitated as calcium sulfate, the
balance remaining in solution as magnesium sulfate, and the flocs
have high densities.
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From the curves in Figure 12 we must conclude high mixing
turbulence in the range of these studies does not destroy hydrous
metal flocs as formed by ractions with dolomitic lime slurries.
Copper hydroxide floc is definitely improved by high turbulence.
Observations show the various flocs reform or gather extremely
rapidly after agitation is stopped. This high agitation principle
is an innovation in waste treatment plant design.

Future work includes studies of higher agitation rates and
their attendent effects, seeding the various mixtures, and, copper
hydroxide behavior during mixing.

In summary, we have shown

1) Optimum slaking conditions for a dolomitic quick-
lime will produce a highly reactive lime hydrate,

2) The reaction rate of dolomitic lime hydrate with
aicds, or metal bearing acid wastes, can be raised by increased
turbulence in the mixing tank, and

3) The increased mixing turbulence has no detrimental
effect on the settling characteristics of the hydrous metal flocs
studied.
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I am happy to be here today to discuss the role of household
detergents in water and csewage, and to tell you csomething of
the research program being carried out in the U.E. by the Soap
Association on this matter. As some of you may know, this
activity has been underway now for some five to six years.
During thie time many of us in the detergent industry have had an
opportunity to observe and better comprehend the problems faced
by those in the water and wastes treatment field, and while we
still are a long way from being skilled sanitary engineers, I
think we have at least some grasp of the scope of the protlems
you people face. Ve hove that our efforts on just one of these
many problems -- the detergent question -- will be helpful in
pointing the way towards the solving of others.

I believe a word on exactly why I am here might be in order.

Mr. Fred A. Voege of the Ontario Water Resources Commission first
approached Procter & Gamble of Canada Ltd., with the thought

that because of the increasing use of synthetic detergents,

and the resultant claimes about incrensed foaming and phosphate
discharges, it would prove of interest to get the manufacturers'
viewpoint on the question. At P&G's sugpestion, he contacted

the U.S. Soap Association, which has sponsored over a quarter of
a million dollars in research on this question, and requested a
speaker. I am here today in response to that request.

I made a visit to the Ontario Water Resources Commission's new
laboratories about a month ago, at which time I had a most
interesting meeting with Mr. Voege and Mr. Duncan. They told

me that the problems in Canadaz which are believed to be related
to synthetic detergents really boil down to two areas -- foaming
in sewage treatment plants and increased algae growth. Where
possible I shall try to relate U.E. experience to these problems.
At the same time, you may also be interested in some first-hand
information on the research projects which are related to other
aspects of the detergent question, and I shall plan to touch on
these as well. Before getting into these aspects, however, at
Mr. Voege's suggestion I should like to spend a little time
discussing the chemical makeup of synthetic detergents, since
this is a specialized and somewhat complicated field and the
terms which are used =2re frequently confusing.
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5 TORGURT DEFINITIONE

By definition, a detergent is anything th=at cleanses. Ag such,
ordinary soaps, the new "synthetic" detergents, plain water, even
cand when used for scrubbing, can all be classified as detergents.
what really inter=cste us, however, are the synthetic detergents
wnich have become o0 popular since World War II, and how these
relatively new materials compare with the soap vroducts which the
housewife has used for years. The following simplified comnarison
between the two types of product may help to point up the similar-
ities tetween the two, and make them both more understandable.

In Figure 1, which shows a reprecsentation of the two major tvpes
of packaged household washing producte which the housewife

might vurch-se, toth the "synthetic" and the "soap" products are
labelled as "detergente". Definite points of similarity exist
between the two, in that the large pronortion of each contains

a gurface active agent 2nd a2 phosphate builder. The esurface
sctive agente, or surfactants as they =re also crlled, differ
tetween the two, as does the exact chemicsl identity of the
nhosphates. Also, the amounte or percents of each are obviously
different. Nevertheless, in the troad sense they toth contain
the ssme tasic types of materials which, when properly forrulated,
combine to set out the dirt.

Now, this next concept is imrortant to understand, because a
misunderstanding frecuently leads to misleading rerorting of results.
After a pack=aged product, either soap or synthetic detergent, is

used for laundering, and rele-sed down the drain, it loses its
individual brand identity, and must be considered on the basis of

the individual cori-onents - i.e., the "surfactant" nortion and

the "b ilder" portion. Different manufacturers marxet different
formulations in terms of pnercent of individual componente, tut the
chemical nature of the components themselves may be the same. Thus,
once in water or seware, only the componentes can te considered.

This i¢ logical from the viewpoint of practical effect, too. For
example, as will be broupght out later, it ies the surfactant portion
of synthetic detergente which has been associated with frothing,
not the phosrhste builder portion. And the nhosphates have been
associated with algae rrowth, not the surfactants. Thus, they
should alwayes be considered separately.

In line with thie, it is important that the components te named
correctly, and I would like to go on with the corpsrison of the
packaged soap and synthetic detergents in order to make certain
the terminology is completely understood.

The surfactant nortion of either product is ~n organic agent which
at laundering concentration lowers surfqce tension and penetrates
between the soil particles and the cloth, thus helping to remove
the soil when the fabric is agitated in the washing machine. It
also is the material which m-kes the "suds".

In the soap detergent the surfrctant portion is called by the
csame’ name - "soap™, a name applied to it for many centuries before
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chemists finally identified its specific chemical structure. To
be technical, it is the sodium or potassium salt of a fatty acid
derived from a natural fat or oil. In the soap detergent this
surfactant material may be as much as 9C% of the formulation.
Thus, there isn't a great deal of difference in terms of percent
between the "surfactant" portion and the entire package soap
product, and calling this surfactant "soap" does not lead to
cserious confusion,

In the synthetic detergent, however, as the slide shows the
surfactant rortion is a much smaller percent of the entire
product than in the case of the packaged soap detergent.

In this case to call thie surfactant portion by the same name
as the entire packaged product - i.e., "detergent" - can lead
to re=1l confusion. This is a problem which has shown up many
times in the literature, where persons may say "detergent"

but actually mean"surfactant", with the result that the inter-
pretation of the reported firdings is in error.

For clarity, therefore, we strongly recommend that the terms
"synthetic detergent", "detergent"™ or "syndet" be rererved for
the complete packaged product; and the term "surfactant"™ or "
"eurface active agent" be used for the organic sudsing arent.
When this is done, the problem is automatically straightened
out, and the reporting and interpreting of data are clarified.
The specific surfactant material most widely used in household
synthetic detergents, and which has been the subject of most
of the U.S. research, is known as ABS (alkyl benzene sulfonate).
This material, I understand, amounts to approximatelv half of
the synthetic surface active material used in Canada.

The phosphate builders present in both packaged household

soap and synthetic detergents are mildly alk=line complex
phosphates which, because of their soil suspending and hardness
seocuestering properties, help "build" the formulation into a
product which will do the test (now known) job of getting

dirt out of clothes. The specific phosphate compounds used

in the packaged synthetic and soaop detergents are not very
different.

One interesting point which might be mentioned in passing is
that in the U.S. the combined per capita consumption of packaged
detergents and soaps has remained about the same during the
years when detergents replaced soaps in the home. Total
consumption, of course, has increzsed as the population
increased. Actually, less surfactant from synthetic detergents
enters the sewers today than did the surfactant "soap" thirteen
years ago, because there is so much less surfactant in pack=ged
detergents. I understand that this also is true in Canada.

ANALYTICAL ASPECTS

Another point which I feel merits a brief discussion deals

with the analytical aspects of the detergent question. There
are ceveral methods available for the determination of ABS in
water and sewage. The most widely used is the methylene tlue
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colorimetric procedurs, vhich wae puklicshed *n the October 1¢58
AWML (1) by thg "7A Taek Group on 'nalyrienl Fothods for AGE.
dowzver, ag th. Te=sk Grour crutlosme in ite raeport, thir rathod
is sut jsct to interferences, and =t tiries can giv: :risle~ding
results, The T-sk Group *“erafore racommends that cuesticnabl
esults be checked by the referee nrocedure developed hy the
Sozp Association (2) which ie =21lco included in the Task Group
report. This method, based on infrared princir’es, ic long,
and coricecuently not norrally used for routine checking., It
definitely should be used if there is any cuestion about resulte,
however. Iucidently, lLioth of these methods recomiended by the
AWWA Tacgk Group are expected to appear in the next issue ol

Standard Methods.

¢)

Imoroved methode for vhosrhstas ara
vrocezinra develorad by a {oar “seociati
in the December 1¢68 issue of the

alge oo cvail -t o, A
cn conriittee weg puliliched

PO SeyT oAt
iaran PI’LHLMJI‘.L

The firet of the two Canadian -roblems which I chould like to
discuses ie the ~uestion of alrae growth. I =m 5ware thot soras
hold the orinicn t}at phosrhatee derivec from dstergent
have c=ufed 2 gignificant i crorse in algal Ylooms. V€
nicnens, the So=p ‘rrocisti h=2g not gnonsored any r-:s
N

.

cn this varticul=r protler, anu thus I can only discuss

tod2y on the basies of vhat I have learned fror the llterdtur

and from talking with experte in the field. hou.ever, if

nothing else, thie review has imoressed uvon m. the foct

that a good deal €till needs to be learned abocut the causas
sl-al blooms, and it cert=inly wculd he v»reliminsry to try

te pinmeint these cruses at this tine.

& geminar on algae (4) was given last April at the Tatft
tanitary dngrineeriiny Center in Cincinnati which certainly
confirmed, at least to me, this rosition of uncertainty. I
bzlieve you mifht be intarested in a brizf recap of rore

of the pertinent comments made 2t this rmeeting,

For exanple, one sveaker (Prof. H.K. Phinnev, Ureron ctate
College) ;ave a paper on a oprobtlem which exists at Klamath
Lake in Jregon. Thie lake receives essentiallv no dorestic
wastes, vet lor over 6C vears summer alral blooms have bheen
intenge. This is = c¢ace where natural enrichnent caucsze the
growth. Iiepeated cnremical an:lyses c¢f the water fror many
gamrling etations failed to estztlich chemical factere which
might explain the rrotleri. The water was lov in calcium,
very low in dissolv<i vhospherus, high in chleride. Thue,
very important sources of nut-icnte other than doractic savare
definitely indic-ted. It weuld certainly te ocur receormrend:tion
that such vossibilities of nutural enrichment ' : investipated
when attemopting to learn ths cnuces of =21lp=1 ' loome.

Sonewhst alony the same linc, #ncther epeak:sr at this seninar
(Prof. R.O. £ylvester, Univ. of Jashington) vpointed ur the
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extreme importance of drainage from forests and agricultural
lands as sources of nutrients which can cause algae blooms.

He presented data which showed that considerable amounts of

both nitrogen and phosphorus result from run-off following rain-
fall, with agricultural lands showing the higher amounte, as
would be expected.

Other interesting points brousht up in this seminar included

the statement (by Dr. R.W. Krauss, Univ. of Maryland) that so
little is known concerning the nutritional requirements of algae,
that even knowing the chemical makeuv of waters, it is impossible
to predict growth. At one point he also noted that polyohoephates
are not suitnble growth factors for algae. The types of phosphates
used in detergents are, of course, nolyphosphates.

Another speaker (Dr. Provacoli, Haskins Latoratory) noted that
vitamins are required as growth factors with certain algae,

and recommended that this factor be given incroased attention.
Still another speaker (Dr. G.W. Lawton, Univ. of Wisconsin)
reported that at the end of the first year of the diversion of
domestic wastes around Wisconsin lakes, essentially no difference
in the chemistry of the lake water is evident, although several
new strains of algae have appeared. It is recognized, however,
that this is a relatively short time in which to expect signi-
ficant chemical charges.

A1l in all, the seminar pointed up the fact that a great deal

needs to be learned before all of the factors controlling algal
growth are known. The Proceedings of this seminar are to be
published, probably in about six months, and if anyone is interested,
he should reguest a copy directly from the Taft Center.

Still on the algae question, there are at least two additional
literature references which bear on the ocuestion of phosphate
contribution to algae growth. The work of Gerloff and Skoog

at the University of Wisconsin(5) indic=ted that both the
nitrogen and phosphorus contents of samples collected during
periods of algae blooms in Wisconsin lakes were in the range

of "luxury" consumption; in other words, they were very much
hirgher than the minimum leveles necessary for algal growth.

The concentration of algae which mirht be considered a good
lake bloom is quite low, approximately 1C mg of alrae per liter.

Conseauently, very low phosphorus concentrations apparently can
support substantial blooms in natural waters. This raises
questions as to the true significance of phosphorus derived from
detergentes, since without the detergent contribution sufficient
phosphorus may already have been precsent from land drainage

and other sources.

Also, there is some evidence that if the phosphorus content is
increased teyond the minimum levels necessary to support good
algal blooms, a heavier bloom does not result. Work by Dr.
Fitzgerald at Wisconsin showed that there was no difference in the
growth of one strain of algae (Chlorella pvrenoidosa) whether

it was in an effluent containing 7.3 ppm vhosphorus or in the

same effluent with g?ree—quarters of the phosphorus removed

(i.e., to 1.8 pom)( :
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So much for the literature on algse growth factorse. 1 would like
to add that although a great deal remains to be learned concerning
the relative imvortance of the various nutriente, there does
avpear to be reneral 3greement that reg=rdless of gource nitrogen
and phosphorus are factors. Thus it would appear desirable to
remove them, and one way which has been suggested is through

uce of oxidation nonds. This is not a novel suggestion, and

ite posesibilities may have been considered fecr Canada. To us,
however, it does look like a most interesting approach.

The review article by Fitzgerald and Rohlich on stebilivation ponce ()
dicscusses the effectiveness of these pondes in removirn; nutrients.
They rerort that vonds c¢~n achiave 75-¢( »nercent reduction of
arronia nitrogen, 6C percent organic nitrogen =nd ‘€ nercent
vhosphorus. The vhosvhorus, incidentally, is Velizvad to be
rrecivitated out by the incre=sed pH of the pondeg, ratner than
rercved Ly abscrption by the alrsze. They point out tiat it
might be possitle to hervest the algse and fell it 2e 2 food
supolement, chicken feed, or =s a source of industrial raw
m2terials. Harvesting, of course, would verm=nently razmove 2any
nutrient materials from the water vhich mi~ht he later released
from dead =zlgal celle.

Thie, then "rould appear to be an intriguing voeseibilit as 2
tertiary s.ep in cewage treat-ent. 'e noted with intzsreet the
corment of your Dr. A.E. Berry in hie talk on "Keeearch in
Canad=" at the recent AW"A Annual Meeting, suggesting that

= 1

research should be carried out on a large, as well =ac toratory,
fcale., In line with this, we hepe it will be poseitl. for

Canadz to nut this suggestion of tertiarv treatment t« proctical
test in the field.

FEOTHING PHCL L.SMS

The second of the two Canadian nrcbleme beliesved asesocirted with
deterfents, or more accurately the surfzctant materisl ‘ro
detergents, is that of frothing on sewage tresatrant plance,

In thies arsa the Soap Aescciation has sponscred some r:szarch,

and we may be able to provide vou with rmore heloef (1 infor ation
than in the cace of algae. Tha project to whicih I 1 ic on

the causes of frothin., and ths sesnf by which it can b2 eliminated
or controlled, at the Univercsity of Wisconein.

In many waye, this hzas been the most difficult of the v ricus
projects svponsored by the .igcocistion, kacmuse separztins out,

c:
and even identif:ing, the varicus fuctors invelved if - c-neiderable
problem. Some of these factors still haven't Leen ecstab:lished;

<
however, much progress has lteen made.

To date the Wisconein Prcject hze 2ctablished thet while the
surfactant ABE ic one ¢f the factores which cr-ntriltut = to
frothing, many othear =zither inderwacently or co-hinec ~lgo

are involvaed. For z2x~wnle, low suspended solics concznlr-tions
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promote frothing, as has been recognized tsince the San Antonio
studies a number of years ago.(7) Protein degradation products,
present in almnst every domestic sew=2ge, also contribute to the
frothing problem. In addition, elevated temperatures (over 70°F. )
and high pH values are somehow involved. Aeration rates play a
role, and the ccnditions during low flow periods, particularly at
night when ABS levels in the influent are certainly low, somehow
promote the protlem.

The degree to which each of these, and undoubtedly other, factore
is contributing to frothing =till has not been established. Nor is
the actual mechanism known by which such materials as ABS and
complex nitrogen compounds do contribute. It certainly isn't

the simple matter of lowering surface tensione, becaucse at the

low concentrations of 1C ppm or under the surface tensions are
hardly affected. To our knowledge, no one has ever establirched a
relationshio between frothing and surface tension measuremente in
2eration tanks.

You may be interested in the studies which currently are in progress
at Wisconsin, and which will close out the project when completed.
They have designed a rather unique laboratory-scnle cortinuous-flow
activated slucdge plant (Figure 2) in which an exveriment is being
run which will permit statistical interpretation of the factors
being tecsted. These factors are (1) suspended solids, (2) detention
period, (3) aeration rate, (4) ABS in feed, (5) BOD in feed, and

(6) nitrogen: BOD ratios. High and low conditions or concentrations
of each factor are included. A total of eipht separate runs is
required, and since each run requires as much as three to six weeks,
and some have to be repeated, completing the study takes a long
time.

It is not planned to submit the d~ta to statistical analvsis until
the entire test is com~lete. However, it is interesting to note

in passing that the incomplete results suggest that reduced frothing
may bte associated with lower aeration rates and extended detention
periodsy; This cannot be considered conclusive at this tire, however.
Overall, it is hoped that out of this work may come the defining

of operating conditions which will minimize frothing for the

factors which exist and cannot be controlled, at any given time.

I might add that in the U.S., which frothing is recognized as a
nuisance problem, it has not been generally associated with poorer
plant performance. Operators keep it under control by maintaining
high solids levels in the aeration tanks, or with sprays or de-
foamants. Much of the Wisconsin work, incidentally, has been
published in Sewage & Industrial Wastecs.(8)

OTHER SOAP ASSCCIATION RESEARCH

I mentioned earlier that the Association has supported other research
which was not directly connected with problems which might exist in
Canada. This research has been carried out in both the water and
sewage treatment fields.
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For examvle, projects at the Massachusetts Institute of Technology‘(}
(1C) »nd the University of California (11) have dealt with the

fate of ABE in fewapre tre~tment, and with attemnts to imnrove the
5(% or better which currently if removed in nrim2rv =nd ¢-condary
treatment. The MIL peorle damonstrated ur to &(% removal on a
laboratory basie with = "complete mixing™ modific tion of the
activated Cludge principle; however, one attemnt to modily

an existing rlsnt to thic system has not yet teen successful.

The Californias pecvle have deronstrated, also in the letoratory, as
high as ¢(% removal by celiberately frothlﬂg effluent from

aeration tarike, followed by removel and sevaration cdispos=l of

thie froth; thie technicue has vet to be apnlied to an operating
olant. Both rrocesses offer the prcecmise of iworoved ABL remcval

if they can be adapted to lzrge scale practice.

The area of vwater treatment has received considernble attenticn

in the Association's rosenrch rrorsram. At Johne Hovnkine University,
(12, a nroject was corried out to determine effective 2nd economic
me=ne for removing trace cuantities of ABC from wate- suvnnlies,
she 1d it ever tacome desirable. A mumter of materi=le which
might cerve as ABS acsorkting agentes were evaluated, with activated
carbon turning out to he e=zsgily the most effective. It was alco
found tnat different c=rbons have different effectiveness. 1In
brief, it apvnears that for AB! concentrations in the renge of (.2
to 2.C ppm, from 4C to ¢C npm of a good carbon will ra~ove ©(%

of the ABS in the water suonply.

Incidentally, I might noint out that, at least in the U.S., the
levels of ABS in surface watsrs are very low, (.5 vpm and undar.(13)
The resulte of © wezkly monitoring prorram which has bean carried
out since 1¢54 by Procter & Gamble on the Ohic River ‘iust below
Cincinnati havs gliown an avaerarge of only C.16 opm aprarent 438,

anc tnere has been no tendency to incre~ce durings this entire
period.(1l4) Similarly, two surveves of the drinking watare of

32 majer U,S, citles serving an estimated porulation cof 25 rillion
have shown an average ABS ytent of C.C3 vom with esrrles ranging
only frcer C to (.14 prm. (16) These are cert=inlv low, »nd insignif-
icant levele, and may very well be renrassnt-tive of Canadia cities.

Thie other Aseociition nroject in th: water srea hse de~lt with the
rhosphnte comnonent of synthetic detwrpe g, net =g i1 rel=ates to
aliae prowth, but as this comronent right affect »ater tre=tment.

This nroject was carried out at the Univereity of ¢111n01h.

Studies were undertaken to (1) survey tyrnical strz-me in the

State of Illinoie for the amount =nd tvve of phosnh2ts rracsent,

and (2) determine whether the exist’ng concentrations rirht have
any effect on conventicnal water tra=trent oneraticne, This

latter phase stemmed from l-boratorv work which had surpacsted

that the comnlex vhosvhates ured in deatarrents could, at relatively
high concentr=ations, interfere with cozpnulstion =nd s=ttling.

The survey of Illinois stre2me, uscine the improv=d rhosvhate
anzlyticel procedures deve.ovad ty the Associati n, chowed tha
phosphate concentrations werse lo, with the cecmplex oheosvhate
rFenerally lees taan C.5 ppm 28 Pplg, and the ortho vhosphate
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content about the same. It was also determined, and this is very
important, that almost half of the tctal phosphate present comes
from the drainage of agricultural land. This crncurs with the
findings reported at the algze seminar which were discuss=d earlier.

Laboratory studies on coagulation and settling showed that the (.5 ppm
level of complex phosphates had an effect on this process which was
varely perceptible, and that this could be overcome readily by either
a moderate increase in coapgulant doszge or an increase in settling
time.

Other laboratory studies showed that the complex phosphates had an
effect on this process which was tarely perceptible, and that this
could be overcome readily by either a moderate increase in coagulant
dosage or an incrcase in settling time.

Other latoratcry studies showed that the complex phosphates will
degrade to the simnle ortho form in the presence of stream biota,
the rates of degradation varying according to the physical,
chemical and btiologic=l conditiones encountered. Overall, the
I1linoie work showed conclusively that the phosphate levels found
in Illinois streams have no practical significance on water treat-
ment, and further that only a portion of the vhosphates present can
be detergent-derived. If these findings are in the same order as
levels found in Canadian stream, it would appesr that the s=me
conclusions would apply as far as water treatment is concerned.

The Illinois work has been published in four separate papers which

some of you may be interested in reading. (16) (17) (1) (19)
SAFETY OF SYNTHETIC DETERGENTS

Questions are raiced from time to time concerning the toxicological
aspects of ABE, and occasionally, the nolyphosrhates.

The Soap Association has made a thorough review of the litersture
concerning ABS toxicity. Thic review, entitled "ABS and the Safety of
Water Supplies", ic schedulz2d to te nubliched in the June iscsue of

the JAWWA.(2C) The literature, covering acute and sub-~cute toxicity
experiments, Shows in all cases an adequate factor of safety for

ABS, coneidering the levels in water supplies.

In addition, a two-year chronic study of the effect of ABS in rats
has been completed by Hazelton Laboratories and P&G, and is scheduled
for early publication in Toxicology and Annlied Pharmacology.(21)

In this chronic study, levels of 1CCC ppm and 5CCC ppm were fed

in the diet, and the weight equivalent of 10CC ppm was fed in drinking
water, to three different groups of rats. No evidence of toxicity
was noted, and it was the conclusion of the authors that "to the
extent that animzl tests provide a basis for the assay of toxicity

to humans, it would appear ..... that considerable amounts of ABS
(much in excess of the amounts that might find their way into

the drinking water) could be consumed over long periods without
harm".
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Of intercet 2lsc ars the limits being »ronosed for the cur=»ant
ravisions of th: U.{. Public Health Ssrvics Lrinking atoer
Standarde.(22) A limit of (.5 opm ABS is vrorosed, l2ezd o
nesthetiec r-ther thon s-fety reascns. The two revorts rentioned
stove have beosn submitted to th: Toxicology subcommittee of

the ULFHE reviewing these Ctandarde, and the fact that the ABS
limit has been nublicly prorosed without toxicnlogic~l cerrent
csuFeeste that they agree with us that the facteor of e-~foty
demonetrated by the r=t fseding experiments ie rmore thnan
aderuate,

dn the ~uestion of the safety of rhosrhates, ths U.S. Food
& Lrug scrinistration hae clearad teth the tolyrhosphztoe

usea in ¢ starponte, ' the ortao ferr to v4ilch —~olyphos~arntas
derradz, for usz ~e f DAl ivee (23, Thie wvruld grraar to
ggtablish ~“thout rusetd n the g7fely of tnacz  atawrd le,
CONCLULI . NE

Thie, thsn, Yrisfly coiuore the =etivitize ol 1l loap Ascgociation

£
Gi the variocus ~ueetinne rairzd in ths Ul e on daterpents
1eir rele in +=ter and sewapc. Only in reyt cpee this

work relate to thz rrotlems you have exverienced in Canad-.

However, I hone that the inforreticn on 3lg-= :ev:lored

irom the literature, and the recorvrend~ticn th 't oxidotion

ponces ke tried for “~ruval of nitro:ean 2nd nha nhorus, —ill

1 oo

rrove hel-wful,

oo

In generzl, e L .1 Ageceistion resgearch -rogray. hes
shown that satietl atergente ar ct reevor:itla fer 11
of the prol Lurme of vaich they wars crce =2cenur ac,

The fact thet ABE is remov.d to an ~rerseizsble extent in

covdﬁry ceware traatment has haen est-bliched, md wothads
fcr improving that rerov=al 1n sewags tre~tment, s wo' 'l °f
removing it fror rater, hsve bheen deviced.

0 lurertent th-t cerely by

afinite prohler,

in f*ct L2 othsr fctere ~ra

thereel /'m they »irht crcate a

In asration tank frothine, ABS i
( sy

4BE h~»g baszn shown to hrwva = toiicelopic 1 fcter of snfaty
manyy times Lie genecsplr ti~ns whicl =i-ht ocear ia witer
csupnlize. Phosrhates 2lco =rae knevn to Fe e-fe,

m {u

Fhosnhates have b.en shown to cause no seriocus —retloer ¢ in
water tre-tment nlant operaticnes.

The role »laved by rhosrh~tes derived from synthstic deterpents
in cvromulgating algse bloome if not clzar, It ie H\Lﬂewt,
however, that n:otural droinage from ~prictilturs) lorndr -~nd
foreste ¢an centribute cipnificant amounts of nitroren nd
phoevhorus te ctresme and loakes, “nd these sourcas shauld he
coneidered a1long with dorestic wastes when studying eracifie
nroktlemes,

by no m-ang tha onl: c¢c~mtributor;
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In any event, the Association's broad research program is continuing,
and as more facts are developed we hope that they can be used both
to eliminate any problems where detergents are involved, and to
further answer the many other problems of concern to the people

in this extremely imvortant field.
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Figure / . Representation of two major types of packaged household
washing products.



Figure-X. Laboratory-scale experimental activated sludge unit developed at the University of Wisconsin. Unit consists of
three separate systems in parallel, with diffused air aeration tanks (immersed in constant temperature water
bath) shown in left center, and final settling tanks at right. Note that one set of mechanical stirrers, used
to assist in holding solids in suspension, was removed when photograph was taken,
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THE USE AND CONSTRUCTION OF OXIDATION PONDS

FOR INDUSTRIAL WASTE TREATMENT

by

John H. Neil,

Supervisor, Biology Section,

Division of Laboratories and Research
Ontario Water Resources Commission,
Toronto, Ontario.

The purpose of this paper is to put forward a method of waste
treatment that has not previously been discussed at this conference.
The reason for its appearance on this programme is two-fold.
Firstly, it ie intended to provide an idea for consideration, and
secondly, as it is not a panacea for waste treatment, some of the
pitfalls will be noted.

Gentlemen, first let me say that here is a process for the
treatment of an industrial waste where you get something for
nothing, and it is conceivable that you end up with a marketable
product. Your capital outlay increases not depreciates in value.
The system automatically adjusts itself to changes in the wastes
it receives and little or no maintenance is required. All that
you have to do is to create a favourable enviroment for a few
kinds of 'bugs' to grow. When I say the capital outlay increases,
by this I mean that the land acreage used for the ponds generally
increases in value. The ratio of volumes of effluents to the
receiving ponds smooths out any short term variations in flows, or
strengths of wastes, thus, it operates automatically. The state-
ment that no maintenance is required is based on the fact that
algae never need to be oiled and as bacteria are not noted for
requiring clean surroundings, the maintenance costs are low. It
was also mentioned that a marketable product is developed. All
that is required to sell this product is to devise a means of
economically removing the algae from solution.

Previously, it was said that to achieve this utopia of
waste treatment all that had to be done was to create a favourable
environment - this is the crux of the operation of the biological
process that takes place in an oxidation pond.

Before further discussion the environmental factors, a
little of the history and some information on the basic principals
involved in the treatment of the waste by this means would seem
to be of value. The original oxidation pounds came into being many
years ago when certain western towns used the nearest slough as a
recepticle for the town sewage, undoubtedly with some feelinf of
guilt and much against the wishes of the health officials. t was
noticed, however, that odours seldom developed and samples of the
effluent showed a remarkable reduction in BOD, solids and bacterial
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counts. From this observation a scientific interest developed to determine
why the cewage received such good treatment and how the efficiencv of the
process might be improved.

An examination of the literature indicates that almost all, of
quite an extensive list of publications, have occured since about
1¢54, Probably the U.S.P.H.S5. has done more work than any other
group but information has also come from Australia, New Zealand,
lesrael, Sweden 2s well as Canada.

As a result of these studies the theory of how the treatment is
provided has been quite well worked out and while more studies are
needed, considerable worthwhile information is available for those
who are building and operating oxidation ponds.

Most organic materials are subject to bacterial degraduation.
Thie is a change from complex substances to stable compounds or the
elemental form. The process of breakdown is mainly the result of
bacterial action where a whole series of different lbacteria perform
one step in the process. As degraduation takes vlace, oxygen is
reauired in the chemical reactions. If the waste is strong and oxyfen
is not being suvolied in sufficient auantityv, the process will use
up the available supply and the reaction will become anaerobic. Under
these conditione, 2 new set of "tugs" take over and ohnoxious odours
will be omitted.

Seccndary methods of sewage treatment are so designed that oxygen
ie provided in the water at all times. In the activated sludge process,
air is blown into the sewage and on trickling filters large surface
areas enable oxyren to be absorbed. In oxidation ponds insteac of
blowing air into the sewage or trickling it over rouck bedas, the uxygen
is rrovided by green prlants known as algae by the process of photo-
synthesis,

Algae are very csimole plants often composed of only one cell
or a group of unspecinlized cells, The algae are so primitive that
thev do not have anv true roots, leaves or stems and reproduce »nly
by simple division or svore formation. There are many thousands
of species of algae that live in almost any enviroment where water
and sunlight are available. The species which grow in oxid=tion
ponds, however, are very limited as only those which find a
polluted environment acceotable are able to exist. In the oxidation
ponds the woriu over only four or five types of 2liae are common
and of these, one is almost always the dominant organism. Under
favourable conditions the algae multiply rapidly by eimple cell
division in a geometric progression. Thus once it begins to grow,
it very raridly vronul~tes the enviroment to the limit of ite carry-
ing ¢ pacitv. The recistant stage of this alga is very hardy and
can dry uv and be blown =2round with the dust so that it is 2lmost
universal in distribution.

The bacterial degraauation which was previously mentioned
creates a rich supply of nutrients in the pond including various
available nitrogen forms, a plentiful carbon dioxide suprly,
phosphorous and other essential elements and in this rich environment
heavy concentrations of algae grow. Algae, like other plants, grow
and multioly by combtining carbon, nitrogen. vhosvhorous and indeed
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most of the known elements into living protoplasm. The force

promoting this reaction is derived from sunlight and altogether

it is known as photosynthesis. The reaction utilizes the waste

carbon dioxide from the bacterial decomposition and produces

oxvgen. Thus the circuit is completed and is esrenti=lly a celf-
sustaining one where bacteria break down the organic material and

use oxygen and algae utilize the waste products and provide the oxygen.
When the rate of decomposition uses oxvgen at a rate in exceess of

the replenishment of the oxvgen supply, the ponds are overloaded

and will become anaerobic.

From the foregoing, it is evident that certain requirements
must be met before an effective growth of algae can be developed.
These recuirements constitute the favorable environment that I spoke
of previouslv. Of prime importance is sunlight, as it is the source
of energy driving the process that produces oxygen. A second
requirement is a suitable food complex. Of particular importance
is a source of carbon which penerally suprliied by the carbon dioxide
released from decomposing organic substances. Nitrogen in a form
available to the plants such as ammonia or nitrates must be present.
Phosphorous is also of prime imrortance ard some basic or non-
limiting supply of many other elements must be available in a form
suitable for use. Temperature exerts a controlling influence on
the rate of the reaction. Certain of the algae are quite capable
of operating at temrveratures approaching 329 and for thie reason the
process need not stop in cold weather. The rate of oxvgen production
may not be as great but as the bacteria are also slowed down the
process remains 1in balance although it reguires a longer period
for treatment. The pH is also of importance slightly alkaline being
the most favourable btut arain a ranre from about 6 to 1C will oroduce
algae cultures.

The oxidation nonds were originally developed for the treat-
ment of domestic sewage and most of the research studies have been
directed towards the flora and fauna of the ponds and to estatlich-
ing design oriteria and loading stand2rds. As a result, there is
now available nuite good criteria for the successful operations of
these structures on sewage. The recommendation which the Commission
use is that the loading should not exceed seventeen pounds of BOD
per acre per day or in other words one acre of ponds for every 100
persons. This recommendation is determined by a period in the spring
immediately after the ice leaves when the pond changes from an
anaerobic to an aerobic state. Heavier loading than this will cause
obnoxious odours to develoo and persist for a period of time devend-
ing on the weather and the degree of overloading.

The facilities at Camp Ipperwash, an army camp near <£arnia,
provide a good examvnle of how these ponds opsrate on domestic
wastes. Here five acres of pond area divided into two cells provides
the complete treatment for sewage for a variable population.
Normally during the fall, winter and spring season a camp of about
50C persons is maintained, this provides a loading that approximates
our recommendations. In summer time, however, the camp strength
may go to 2CC0 which is four times the recommended dosage but as
this coincides with the period of maximum efficiencyv, effluents of
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suitable quality for disch=srge are obtained, i.e. below 2C ppm BOD
and solids. From dozens of samnles that have been taken during
three vears of operation, only two have been more than 2C ppm.

BOD and both of these occurred just in the period of spring breakup.
No eerious odours have ever devzaloped.

The experience with industrial waste treatment in oxidation
ponds has been less successful not because the vrocess is not
adapted in some incstances for treating thece wastes but because
none appear to have been built with sufficient cavacity. There
“re two pondes in Ontario working on chicken killing wastes that
have been in overation for =2lmost three years. Thecse are purely
for the treatment of industrial waste so that a discussion of their
operation seems pertinent. The first lagoon to be built in connect-
ion with the chicken killing procecss had a total area of 3.7 acres.
The water used was approximately 6C,CCC gallons per day and the
mean strength of the waste was 76¢€ pom. BOD. When the pond was
first put into operation some odours were noted but before long
the warm summer weather oromoted an extremely dense growth of algae.
The ocaours disappeared 2nd no serious problems occurred until the
following spring. At that time, very obnoxious odours developed
causing some distress in a nearby hamlet. Subsequently, a cecond
lagoon of 5.7 acres making A total 2ren of ¢€.5 acres w=s added.
This covered all the land that was available for ponde and while
the 4C 1lbs. of BOD per acre per day loading was still exceseive
the ponds now operate fairly succescfully e intermitent ndonrs
develoo only during a veriod of =bout one¢ ronth from the
time of break-up until the alga. iscuurn the vonce to an 2eruvuic
condition. The BOD resulte of the effluent from thecse vponds have
celdom been sufficiently good to allow a direct discharpge as the
normal effluente are aporoximately 5C ppm. The pl-=nt, however,
is situated in agravel strata and the tot=1l discharge from the
ponds can be absorbed into the ground in a nearby »it. It is
thourht that if thece ponde were doubled in size a satisfactory
effluent would be obtained for discharge to the nearby water-
course.

The second chicken killing plant has been somewhat more
successful in the operation of their vponds. This plant is
somewhat smaller, procecsses fewer birds, and consequently has
less acreage in ponds. The loading on a pounds of BOD per acre
basis is not less, however, and in spite of this most of the
results with the exceotion of the early spring, have been of
sufficiently good auality for discharge.

An experimental oxidation pond for the purnose of studying
the effectiveness of this method of treating a tannery waste has
been overated since late last summer. This pond of about half
an acre was not desipgned and built for this purpose but so far
has proven ocuite satisf-ctory. 1Initially sewape was fed in order
to establish an algal ponulation tefore tannery waste was applied.
In spite of the fertility imparted by sewage and subsequent
commercial fertilizer appnlic~tions, no strong algae growth
develoved. The algae did, however, appear to be increasing in
numbers and early in September tannery wastecs at the rate of ten
lbs. per acre pver day were fed. It was soon evident that little
change occurred in the BOD, suspencded solids, oH, color, turbidity,
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alkalinity, or algae counts, and for this reason the feed rate was
increased to 2C lbs. per day. This did not effect the pond either
and subsequently the feed rates were increased to 3C and then to

5C lbs. per acre per day. The BOD in the pond remained ccnsistently
below 1C ppm. and a low but stable algae population remained. Early
in December a sharp increase was noted in the BOD and by early
January, the ponds contents had increased to 04 ppm. At that time,
it was decided to stop feeding the tannery waste and to follow the
decrease of the BOD uncer the ice. The condition of the pond did
not warrent further applications until shortly after the ice dis-
appeared. Increasing concentrations of tannery wastes are now being
applied in order to determine the maximum loading that will still
provide an effluent suitable for discharge. This tannery waste has
a relatively high BOD initially being about 8CC ppm. and a chloride
content of about 20C0 ppm. The pH tends to be rather high, and a
heavy turbidity is noted in their other holding lagoons. So far the
adverse characteristics of this waste has not significantly effected
the treatment provided in this vond. Thereis, however, a definite
possibility that inhibition of the process will occur as the concen-
tration of inorganic substances builds up. More information result-
ing from this experiment as to whether oxidation ponds are a suitable
method for treating tannery wastes will be available by the end of
the summer.

Hecently a series of three ponds was built for the treatment
of a potato chip waste. This effluent has a strong BOD in the
influent and is primarily czarbohydrate in nature. As these facilities
only began operation this spring, little information is available
vet. From the two sets of samvles that have been taken, however, it
is interesting to note that a pond which was designed for anaerobic
action has developed an intence algae bloom. Odours are evident,
and this is not surprising as the pond contents have a BOD of about
6CC., The second lagoon in the series has only recently been filled
and a recent sample of the contents indicate a BOD of 56 ppm. A
third cell in the series has not yet filled btut it seems likely that
the effluent from this will be satisfactory for discharge. Because
of the pure carbohvdrate nature of the waste it would seem thot csome
of the essential algal nutrients will soon be in short supply. If
this occurs, some fertilizing elements may have to be added to satisfy
the requirements of the algae. These structures were constructed on
an experimental basis and have a total of about 15 acres. No
previous design criteria were available for treating a waste of
this kind and more land has been provided for expansion, should
this be necessarv.

From the examples that have been discussed there appear to
be a few conclusions that can be drawn as a guide to future in-
stallations of this type. Firstlyv, it would seem that this method
is particularly well adapted to seasonal operations. The maximum
efficiency is obtained during the warm months and a good treatment
has been noted with loadings up to 10C lbs. BOD per acre per day
perhaps only a quarter or a third of the land area is necessary when
the maximum lozd comes at that time. Their use is ouestionable
where the media is unsuitable for the growth of algae or where the
waste may have either a bacteriacidal or algicidal action. Pure
canning wastes are normally almost pure carbohydrate and for this
reason are an unbalanced media. There is, however, the possibility



of mixing it with seware to provide a3 balanced fepa. The Commission
is presently corstructing a 75 acre lagoon area for the town of
Listowel to treat combined sewage and cannery waste.

The use of oxidation ponds where a significant quontity of
milk waste is includes does not appear to be satisfactory. The
literature revertes a number of instances where ponde receiving
milk waste that were not overloaded, produced little algae and
were malodourous. Unfortunately, no spvecific information is
available as to what provortions of the load would be satis-
factory.

Certain wastes may inhibit the growth of algae thrcugh the
interruption of some essential process. Of particular importance
here are wastes that are highly coloured or maintain a colleidal
suspension ag this seriously limits the phototrophic »rne,

Come wastes may be dl*ectlv toxic to either the algae or the
bacteria. Both are requ1rea and any interference will spoil the
efulness of the voncs An interesting examvle of this was a

oalr of small pends rece1v1ng a small ouantity of waste having
some cyanidee, phenols and a high BOD. Oridinary this with the
inorganic nutrients that were available should have been
sufficient to develop a good bloom of algae and to provide a
satisfactory reduction in the waste comvonents. In spite of
good algae growth there was little improvement in the efiluent.
It was conciuded on a subsequent investigation that while the
algae grew well and produced oxygen the bacterial action was
1nh1k1tbd and for this reason very little imvroverent was noted.

In considerine waste treatment processss, oxldation ponds and

spray irrigation svetems ire two valuable methods, eact nroviding

a solution to diiierent problem The criteria for lecading is
pounde of BOD per acre of pond per day for oxication ponde 2and
;allon° or inches of liquid per acre per day in spray 1reratlon
gystems. From these criteria it is evident that the BOD is the
1iwitinﬁ factor in the ponds and the Hydraulic loading on the land.
Within limite, therefore, spray irrigation systeme are most sult-
dble for wooergte flows h?Vlng a high BOD and oxideation nonds more
favourably disposed to less excessive BOD concentrations and
greater flows. A few simple calculations on the land =re required
to treat by either method readily determines the economics in
most instances.

It has been the intention of this paper to discuss some of
the possibilities and limitations of the oxidation vond ¢s a
method of waste treatment. It is evident that while they have
teen proven to be effactive in treating sewage, their use on
industrial wastes is relativelv new. Unlike sewage ench type of
industrial waste is dif ferent and careful consideration must be
given to determine whether it will »rovide an adecuate environment
for the specific biologicsl community that is developed in
effective oxidation ponds. More observations and experimentation
are necessary to establish thie as a method whlch has adeaguate
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loading criteria and will provide predictable results. It does,
however, offer considerable hope in some fields where no other
method is now available.

Early in this talk it was mentioned that a product of
value resulted in treating wastes in an oxidation pond. This is
the alrae which are developed and the next logical step is the
harvesting and utilization of the algae themselves. These plants
that grow in such large quantities, are rich in proteins, carbo-
hydrates, and fats, and would make a valuble supplement for
animal feeds. There remains only the technical problem of separat-
ing these minute cells which may occur in excess of 25,CCC per drop
from the water.

While we have not vet solved the problem of turning sewage
or industrial wastes into a useful products, a very satisfactory
product has been harvested in the far eastern countries for
centuries. There, each home has its own private oxidation pond
behind the house. The out-house is built over the water and the
pond is continually fertilized by the family. The organic solids
are broken down by the bacteria, utilized by the algae and the
algae in turn eaten by the minute animals., These minute animals
form the food of larger animale which are in turn consumed by
carp and other cultivated fish. In due time these fish are
harvested, eaten and before lon~ the cycle is completed.

Gentlemen - Thies is Coneservation!
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WASTE STABILIZATION PONDS IN ONTARIO

DESIGN AND CONSTRUCTION

By

Joseph J. Heffernan,M.A.Sc. P. Eng.
M. M. Dillon and Company,
Toronto, Ontario.

* The author, a partner and Toronto Manager of M.M. Dillon and
Company Limited, graduated from the University of Toronto in
Mechanical Engineering and returned later to complete Master's
study in Civil (Sanitary) Engineering.

Prior to 1954 he was with the Department of National Defence
and since that date has been with M. M. Dillon and Company
Limited, specializing in municipal engineering.

This paper deals with the design and construction of stabilization
ponds, and while the design criteria may differ slightly depending
on the nature of the waste to be treated - be it domestic sewage or
a particular trade waste, the ccnstruction principles are much the
same.

INDUSTRIAL WASTES

The criteria for domestic sewage treatment are fairly well
resolved. For a particular trade waste capable of treatment

solely by an oxidation process, it is necessary to know in some
detail the B.0.D. characteristics and the probable flows which can
be expected if the industry's production is seasonal or fluctuating
for any reason. With this, it is possible to determine theo-
retical sizes. DMore often, it has been the practice in Ontario

for an industry to secure sufficient land so that it may increase
the number of cells in the lagoon system to meet actual operat-

ing conditions.

DEVELOPMENT

Probably no new develooment in the water pollution control field
has quite caught the fancy of the Ontario people as has the advent
of the sewage lagoon, or oxidation pond or stabilization pond as
they are now called.
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While the success of the stabilization pond has been known in
Europe and in the United States for manv years, it was only
corparatively recently that the first of these treatment
facilities was actually designed and operated in this Province.
Some ponds had been developed mostly as a stop-gap measure to
deal with seasonal cannery wastes, but these were temporary
facilities and were not intended to provide the high degree of
treatment that was to be achieved with later designs.

It was in 1954 that M. M. Dillon and Company was faced with a
somewhat unusual set of circumstances in a military camp. The
design population fluctuated widely, the quality of native soil
(or sand) would not permit of sand filtration and as is often
usual, the budget was limited. Considering all factors, a
stabilization pond appeared to be the answer.

PRECEDENT

A check of the records in Ontario showed no precedent. The
literature, however, did reveal some success in the State of
North Dakota and based mainly on the experience of this State
and reports from Western Canada, it was decided to embark on
on the venture.

With the hestitant approval of the Sanitary Engineering Division

of the Department of Health (now the Ontario Water Resources

Commission) the design was completed and shortly after, the

ponds were put into operation. The success was almost immediate
and these ponds have performed very well for the past four years
- so well that the installation has been a model for other muni-

cipalities and their consultants.

It is worth noting that other firms of consulting engineers in
Ontario have followed close on our heels and they too have
made significant contributions in this field.

What then are the requirements for sewage stabilization ponds?

LAND

The early basic criteria of 1C acres per 1,0CC pooulation, even
when modified to acceptable present day standards, indicates
that available land is probably the most significant requirement.

Unless sufficient land at low cost and within a reasonable
distance of a community or industry is available, the idea of
ponds can be dismissed. Even apparently worthless farm land
can frow speculatively in value to the point that it cannot be
considered.
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There comes a point in an economic study where it may be cheaper
to coneider csome of the other means of treatment.

LOCATION

If possible, the ponds should be at least & mile from the nearest
habitation. Where this is not posesible, close siting may be
acceptable when wind direction and screening are favourable.
Properly loaded, the ponds should be able to lose ice cover in
Spring and overturn with a minimum of odour. However, there

may te a period of unsettled weather at this time, with possible
refreezing and lack of sunlight resulting in a switch back to an-
aerobic conditionc. This may produce objectionable odours.

SURFACE ARSA

The determination of reocuired surface has been the subject of
much scientific and non-scientific speculation.

Initially, one acre per one nundred nopulation was used. This
has since been modified both in the U.,S. and in Canada. "hile
lengthy formulas are 2v=ailable, it is probably easier to use
one of the simpler criteria i.e.

(a) 2C to 3C 1lb. B.0.D. per acre per day

(b) 1 acre per 2C0 to 250 population

(c) 12C-14C days storage cavacitv
Since the area recuired is interdependent on a number of
other factors, it is wise not to rely on any one criteria but
rather to consider the case in point, make adjustments to

suit local conditions, and ensure that agreement is reached
with the regulatory bodies.

CELLS

Desirably two or more cells should be constructed so that
flexibility of operations is vnossible.

These cells should be designed such that series, parallel
or single cell operation can be maintained.

Certain authorities favour series oraration where the first
cell can be operated as ar. @anzerobic pond. “While this may
be satisfactory, and resulu i a veiy gh B.0.D. reduction
in the first cell, the possibility of odour development is
greater and for the unattended installation (and thie is
obviously an ultimate) a parallel oneration or a lightlv
loaded series operation is essential.

It goes without saying that the very large cell, say 1C acres
or gre=ter, should be broken uvo intc more than one cell to
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to reduce the wave action which if allowed to develop over a wide
area, could cause undesirzble erocsion to the dikes forming the
sides.

It has been stated that pumped recirculation from one vond to
another is useful to permit cseeding of a pond deficient in algae
and other reasons, but such a refinement would appear only to
complicate the set-up, and indicates that some attendent must
be availatle to carry out this function.

SHAPE

Ponds need not be constructed to a rectangular pattern. The
contours of the land should be carefully considered and maximum
use made of existing conditions.

Une of the great expenses is the cost of earth moving and the

use of existing, naturally consolidated embankments should not

be overlooked.

Depth considerations may rule out certain natural rround features,
however many successful ponds have been built simply by damming

up an old dry watercourcse and preventing the ingress of surface
water.

DEPTH

Authorities seem evenl divided between 3 fte and 5 ft. for
optimum depths.,

A number of factors affect depth:

(a) Light penetration

(b) HRate of mixing by wind

(c) Prevention of growth of bottom weeds

(d) hate of overturn in Spring

(d) Possible anaerobic conditions
and these factors so confliét with one another that it is
probably sufficient to say that 3 ft. to 5 ft. will provide
satisfactory conditions in almost every case.

We have had good results with a depth of 5 ft.
COCMMINUTION

Wherever possible, it is wise to provide coarse screening and
erinding facilities for raw sewage. This can be accomplished
by 2 manually cleaned bar screen and automatic comminuting
devices of which many are on the market.



The screening and grinding will serve the two-fold purrocse
of protecting pumps, if a force main ie involved, and will
reduce most wastes to a size that they will be more easily
distributed through the stabilization vond.

INL=T

The simplest tyve: of inlet is usually the most generally
successful. If the inlet pive is carried to the centre of
the cell, and if provision is made tc orevent scour from

it (should it be a force main) or if consideration is given
to the prevention of an undesirsble build-up of sludge,
the installation will work.

Regardless of whether the nond is fed from the centre or
from one end by a series of pives, no evidence exists
that there have been serious build-ups of sludge at these
points. 1t would appear that the constant circulation
within the pond from inlet to outlet and the wind action
has been sufficient to evenly distribute the sludge over
the entire btottom.

A submerged inlet, however, ies recommended in all cases.
QUTLET
Variation exists in the tyne of overflow or outlet structure.

Since most ponds must be constructed to allow for overflow
to a receiving stream, it ics essential that a simple vet
effective structure be designed.

We have withdrawn liocuid from the ton of the pend and have
simoply inserted a metal pipe with ite invert a2t the design
high water mark. This is simple but has the disadvantage
that any flecating material can be dicscharged.

The use of a manhole in the dike or berm, divided by sgton
logs with the inlet near or at the bottem of the vond
vermits withdrawal from btensath the surface and has the
added advantage of permittins the maintenance of any
desired level in the pond.

Again, the withdrawal frcm a number of points across a
pond may have certain scientific advantages, htut it has
been proven that a simple single point is 21so ouite
sat.c” "ntory.

EARTHVWORK ND LIIING

Most native scils encountered in the area in which it is
proposed to construct pondes are satisfactory for resultant
impermeatility.

95.



It is not decsirable that liquid be able to move from one cell

to another through the dikes or berms, nor should the rate of

percolation through the bottom exceed %" per day. To overcome
this it may be necessary to line the pond with an impermeable

material or treat it chemically.

Our exverience at Ipperwash Military Camp in thie regard is
interesting. sarly investigations showed that the lagoon area
wag very fine sand with a light overburden. Ve had hoped that
thie sand would permit of the construction of a elow sand filter,
but it was apparent after testing that the uniformity coefficient
was such that this was impossible.

Obviously then, we had to provide a lining of =some sort. Fortu-
nately, native clay was available within a short distance and
one cell was lined with a four to six inch blanket of this. As
a trial, the second cell was not lined, the assumption being
that the cludge would "blind" it in a short time and high
percolation could be accepted for a while.

In fact, this theory was true and within a few months, this
cell performed exactly as the first.

PROTACTICON

1t is wise to ensure that the entire pond area is fenced =nd
adequately posted with warning signs.

If near a built-up area, the unwary is apt to stumhble into a
pond on a dark night and our experience has also shown that
some of the over-exuberant populace have chanced to utilize
the pond for swimming purposes.

MAINTENANCE

Thereis no seware treatment facility which can be so easily
maintained. This is probably the greatest selling point -
if selling is necessary!

Nothing can be worse than a m:chanical treatment plant in
the hands of an incompetent or unskilled operator. The stabilization
pond runs itself.

The grass on the dikes should be mowed periodically - once a

month at least - for appearance if for nothing else. Inspections
should be made for leaks around overflow pivpes., Burrowing animals
such as muskrats may be a problem, but traps soon catch these

and might even turn the installation into a profitable trapping
operation!

Mesouito breeding has been sur~ested as a problem, but this
too can be overcome by introduction of a selected specie of top-
water minnow. It may bte necessary to try several species to



obtain the one best suited to the local =nvironment.

COST

What does a stabilization pond svstem cost?

A good pattern for this Province has not yet becn established,
but it is worth noting that this type of treatment can some-
times be instituted for only 25% of the cost of the more
conventional mechanical plants.

Our experience on actual ponds constructed and on estimates
made for new installations shows that the cost will be
aoproximately $2C to $25 per capita. This does not include
such facilities as pumphouses or sewers renuired to bring

the influent to the pond area. Figures available from the
United States show an average cost of $15 per capita in the
northern states. As in a conventional nlant, the unit cost is
higher for the small ponds and decreases for larger ponds.

CONCLUSION

In Ontario, the stabilization pond is here to stay! After

a slow start, public acceptance has been gained to the voint
that every small community looks to this system as the
solution to their problem of reducing the pollution of
existing watercourses.

The limitations of the system are few. LEven an apparent
high land cost becomes acceptable when the low annual cost of
operation and maintenance is considered.

But, regardless of the tone adopted by this author in atterpt-
ing to de-bunk scientific theories, the sound develovped

design princivplecs cannot be overlooked and the careful thought
of the competent profescsional engineer - be he a municipal
employee or a consultant should bte sought by tho-e contemnlating
the construction of stabilization ponds.

The hand and mind of the engineer are essential for adecuate
surveys for maximum use of land, for hvdraulic considerations,
for soil permeability studies, for proper specifications, and
most important of all - on-site job control during construction.
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INTRODUCTION

Flotation is a unit operation for the separation of liquids or
for the separation of solids from liquids.

The separation of phases by sedimentation is limited at times by

the presence of extremely fine particles or globules which do

not have a significant settling or rising rate, or the phases may
not differ appreciably in density from the parent liquid. Flotation
is generally free from these limitations for the removal of fine
particles or globules is largely based upon the surface properties
of the phase to be removed and not upon its size. Also, the
apparent density of the phase which is to be removed is reduced

by the adsorption or absorption of gas bubbles, thereby causing

the gas-solid or gas-liquid agglomerate to rise.

Although different gases may be employed in the flotation process,
air is the gas most commonly employed.

Dissolved-air flotation generates the air bubbles by the precipi-
tation of air from a solution super-saturated with air.

Dissolved-air flotation may be classified into two categories
depending upon the pressure which exists when the air is allowed
to precipitate. When the air is dissolved under atmospheric
pressure and allowed to precipitate out of solution under vacuum,
the process is called vacuum flotation. Pressure flotation
encompasses systems where the air is dissolved under elevated
pressures and allowed to precipitate out of solution under
atmospheric pressure.

Dissolved-air pressure flotation has been more widely used than
vacuum flotation due to the limited pressure drop available with
vacuum flotation (maximum theorectical pressure drop is 1 atmosphere)
and the construction cost of proper vacuum facilities.



THREE METHCDS OF FLOTATIUN

There are three methode of accomnlishing flotation:
1. ‘dhesion of an air bubble to 2 suspended solid rvarticle,

2. The trzpping of air hubtles in a floc structure se the
bubbles rice.

3. The abeorption of an air bubtle in a floc structure
during forration of the floc.

Fipure 1 illustrates the three methods of flotation.

For proper flotation under Method 1, there must be a contact
establicshed between the suspended phase and the air cthase. The
required contact may be estatlished by either precipitating the
alr bubble on the suspended solid surface or by collision between
the suspended solid and the air bubble. The forrzr metqod is
vreferred because of the more positive method of contact.

The suspended solid is usually in a static state of movement,
whereas the bubtle is dynamic and actually has flow lines
established around it. Therefore the suspended =olid and the

air bubtle have viscous motion, and the susvended solid will tend
to simply follow the flow lines establiched around the air bubtle,
and no contact will result. These flow lines are prominent, and
unless the rising bubble contacts the suspended solid directly,
the suspended solid will not be removed.

The maximum possible contact for Method 1 may be established by
dissolving the air into the stream that contains the suspended
phase so that, when the air orecipitates out of solution, the
surface of the suspended phase, due to surfice tensioc , acts as
a plane for bubble nuclei formation. Also, to increacse the
pr-bability of contact, a degree of turbulence may be created by
restricting the bubbles and stream being procerced for a period
cf time.

Method 2 is dependent upon the floc structure having a sufficiently
irregular surface that a rising bubble may tran iteelf in the
surface irregularities. A situation exists with this method which
is analogous to a condition encountered under Method 1, which is
the prob~2bility of contnct between the rieing air tubhle and the
relatively static floc structure. To increzcse the probability of
contact, it has usually been found necessary to incre-cse the size
ol the floc etructure. The larrer the floc dismeter, the pgreater
the probsbility that a rising air tubble will trap itself and not
rmiss the floc structure or "flow around" the floc structure because
of flow lines established around the rising air btubble.

l.ethod 2 could Le classified as a "screening operation™. A great
cegree of discrepancy exists between laboratory and ficld results
cdue to the "ecreening operation” of Met od 2. In the laboratory
the screening action is very prominent because of the static
nature of the tests, whereas in the field the screening action
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ie not appreciable due to the (vnamic nature of the flc¢iing treat-
ment process.

Method 3 encompasses the formation of a floc around not cnly the
suspended solid but aleo around the air bubbles. This permite the
formation of nuclei on the surface of the suspended sclid, trapping
of rising gas bubbles in the surface irregulsrities of the floc

and abesorbing air bubbles in the floc structure itself. The
formation of the floc around the 2ir bub'le or bubbles is accomplish-
ed by forming the flocs after the pressure has been relessed and
the air is precipitating out of solution. The time necessary for
the proper degree of flocculation required for dissolved-air
flotation is usually less than 1C minutes, and the required
retention times may be prorerly designed in Flotators.

Based on Stokes' Equation, if gas bubbles are united with the floc
by a process of adsorotion only, then doubling the diameter of
the agplomerate would increase the rate of rise two-fold.

A limitation to increasing the diameter of the gacs-solid combina-
tion exists, for as the combination is increased in size, the

bulk density increases and may approach or exceed the bulk density
of the liocuid. Thie is one liritation to dissolved-air flotation
by Method 2.

Again citing Stokes' Znuation, the effect of doubling the diameter
would increase the rate of rise four-fold if the bulk density of
the agglomerate is maintsined constant. This may be accomplished
by atsorbing the gas bubbles into the floc structure as the floc
is formed (llethod 3).

DESIGN OF DISEOLVED-AIR FLOT.TION SYSTEMS

A flotation system utilizing the pressurization and de-prescsuriza-
tion seaquence consists of the following elements:

Pressurizing oump

Air injection facilities

Addition of chemicale (if necese=ry)

Retention tank or contact vessel (if necessary)
Back pressure regulating device

Flotation unit

(@SN, T = U IS S

These are inter-related as shown by Figure 2.

l. Pressurizing Pump

The pressurizing pump creates an elevated pressure such
that the increased solutility of air c=n be achieved in
accordance with Henry's Law. Air ie injected into the
suction side of the pump. For achieving the maximum air
solubility vossible, two stages of pumping may be empvloyed
with air injection between stapges. The usual range of
pressuree employed is from 3C to 6C psig.
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Air Injection Facilities

One of the most effective methode to place air into solution

ie by injecting the gas into the suction s=ide of the
pressurizing pump.

Air volumes unr to apvroximately 4 to 8% of liouid volumes
vay be injected into the suction side of a centrifugal
pump without air tinding. Submergence of the pump inlet
ie critical to air binding. A low submergence allows air
binding to occur at a lower air rate. Air injection at a
particular discharge rate lowers both discharge rate and
discharge presesure. At constant air addition and high
liquid flow rates, pump capacity decreases rapidly with
increasing discharge pressure. Pump capacity diminishes
less rapidly at higher liquid flows and precsures.

Eighty to 11(% of the air required for saturation may be
added to the pump suction without air binding.

Approximately 35 to 45% of the air added is dissolved
wheon the air is added to the pump suction. To ohtain &C
to 9C% of theoretical air golubility, two stage vpumping
ie employed with the injection of air between stages.

Addition of Chemicals

The addition of chemicals, when reouired, is a most
significant step in the flotation orocess. Chemicals
may te injected, depending upon where they are most
efficient into various points along the process piping
from the pressurizing pump to the Flotator.

The use of flocculating chemicals such as alum, activated
silica, ferric chloride, etc. to form flocs which include
air bubbles has teen aprlied.

Retention Tank or Contact Vescsel

The retention tank is used to afford time for injected
air to attain maximum possible saturation, holdins time
is 30 to 6C seconds. Any free air in the flow is removed
in the retention tank prior to entrance to the Flotator.

If the free air is not removed, Flotator efficiency will
be greatly impaired. Figure 3 illustrates various

retention tank baffling arrangements. Each arrangement
has a specific application, depending uvpon the ease of gas
solubility 2nd nature of the process stream.

If two stages of pumpins are emnloved, becouse of increased

efficiencies, retention tanks or contact vescels are not
necessary. The static designs ~re employed when air
solubility v~lues, at the elevatasd pressure, below 5(% of
theoretical are acceprtable. The dynamic desipgns are
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ernloyed for achieving air scolubility values preater than
(% of thecretical. The solurility values 2re based cn
the amount of air dissolved in the retention tank effluent
and do not include any free air, precent as finely
dienerced bubbles. The frees air present in the static
tvre retention tank dicscharee revresents aoproximately 33%
cf the total air present in the discharge. The turbine
tvre retention tank has indicnted aeration elficiencies cf
Gl or gre~ter. The packed tower has not yet been
investig~ted, but it is felt that extercive retentiocn
times, i.e. larre towers, will be necessary in order to
obtain 9(% plue aeraticn eificiencies.

Back Frescsure hegulating Device

The back rressure regulating device maintains as nearly
constant a discharge head on the pressurizing rump a& is
posseible. Usually a faunders-type flexitle diavhragm
valve is emvloved. If a constant, non-corrocive flow

is anticipated and no large sclids are voresent, a plug
or gate valve may be employed.

Flotation Unit

Dissolved-air Flotators may be clascified as either

Flotator-Clarifiers or Flotator-Thickeners.

A. Flotator-Clarifiers accomnlish flotation in an inner
circular compartment which is surrounded by a circular
clarification zone.

Clarification units in sew2pe and w=2ste treatment plants
are normally sized for average flows on the basis of |
overflow rate and detention. The concentrstion of
suspended solide is relatively small and most of these
solide settle quiciklv te the sludge zone. lowever,

the near-colloidal material has a =7- : settline_rate

ard reouires the greater nert of the tank =rea and
volume for ite removal.

By removing the slow settling solids thirougsh flotation,
the Flotator-Clarifier materially reducec the sizz of
the clarification compartment. The suspenued varticles
that settle slowly, tend to float, or st=2v insusrension
are float=d, concentrated and skimmed from the center
flotation comrvartment. The heavier colids cettle to
the bottom wherz a conventional raking mechanism moves
them to the center for discharge. Thic new concept

in clarific~tion has been rroven in a number of
installations to operate with excellent reculte.

Flotation and sedimentation are e~csily accompliched
by properly designing th2 diameters of e=ch compartment.
Fipure 4 illustrates 3 Flotator-Clarifier.

B. Flotator-Thic::ners have only a flotation comnartment.
They are desirned to remove floatable sclide plus any
golids which =“re non-floatable =nd may settle during
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the retention tirie 1llowed for fleotation.

Figure & illustrates a Flotator-Thickener. The design
chown ty Figure 5 also highlighte the submerged
tangential feed-well deripn which offers uniform
distribution of the feed into the entire contents of
the tank. The direction of motion imparted by the
tangenti2l inlet permite maximum utilization of the
volumetric contents of the feedwell. It is in this
feedwell that rcroper contact is maae between the
csusvended solides and their air bubtles. FKetention
time in the fzodwell ie designed to accommodate floc
form-tion around the eir tuk!les as well 2s the
suspended colid or 'iocuid nhase. By placing the
feedwell incide the flotation tank, once the air-solid
bond ie formed, the agglomerate is allowed to flow

into the flotation compartment with ercsentially no
turbiilence, which would not be the case if the
arglomer=te had to pase through a verforated baffle

or under a solid baffle., The adhesive tonds which

are formed in saddition to the flocs =2re fragile, =nd
excecssive turbulence or shear would destroy the bond

or the floc structure.

Common Design Features - An important design feature

if the horizontal run of pipe going strairht into the
feedwz1ll; the absence of any elbows minimizes coalescence
of air bubbles.

Total prescurization and partial flow-pressurization
are two poeesitle arrangements which may be made for
dissolved-air flotation.

When total nressurization is employed, the entire

waste stream is pressurized, Operation of a flotation
unit where only a portion of the feed or a vortion of
the flot tion unit effluent is vpressurized is termad
partial pressurization. The stream that is pressurized
under a partial prescsurization system is blended into
the unvressurized stream.

The blending of the pressurized stream with the un-
pressurized strenm represente a critical ctep in the
dissolvad-air flotation procese. The concentric
partial pressurization piring used in connection with
the sulmergad tangential inlet ic shewn by Figure 6.
The rrescsurized stream is contained within the inner
pipe and flows at a velocity which excecds the velocity
of thz unvrescurized flow, which is contained in the
outside pipe. The pressurized strezm, dus to the
difference in velocities, diffucses in a jet stream
pattern into the unoressurizsd stream and thereby
permits maxirum tlending of the two streams. The
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prescurized pipe is terminated a calculated distance
from the entrance to the feedwell, a design feature
which results in all of the diffusicon taking place in
the pipe line. The feedwell is for uniform distribution
of the feed, to permit more gas bubble-suspended

solides contact, and also to minimize chort-circuiting
and streaming within the flotation unit.

THREE SYSTEMSE OF FLOTATION

Three systems used for partial and total pressurization are shown
by Fipure 7.

In the total pressurization system, variations in flow, if they
exist, are regulated by an automatic back pressure valve which
receives a signal from a level recorder placed in the nressurizing
pump sump.

If large variations in flow exist, a method indicated by the
partial pressurization of feed diagram shown on Figure 7 may be
emnloyed. Any flow which cannot be handled by the pressurizing
pump is allowed to overflow the vpressurizing pump sump and flow
by gravity directly to the Flotator. <Sfeveral field installations
have indic ted the beneficial aspects of this type of design.

A second method of ovartial pressurization consists of pressurizing
a portion of the Flotator effluent and blending this stream into
the unpressurized feed. Caution must be exercised in employing
this system if a constituent is present in the effluent which
represents a phase that is unfloatable. If the vortion of the
effluent leaving the flotation unit is not sufficient for removing
the unfloatable matter at a rate equal to the ouantity of unfloat-
able matter entering the flotation machine, a buildup of the un-
floatatle matter will occur. When equilibrium is finally achieved
i.e. when the nuantity of unfloatable matter entering the unit
ecuals the quantity leaving in the effluent stream, the onantitvy
of unfloatable matter being recirculatec may bc of such ¢ signifi-
cant amount th=t flotation is greatly impaired.

To obtain the power consumption and quantity of gas required for
either partial or total pressurization, a straightforward examvole
may be employed. There are two criteria which may be used in the
cample calculations. One is that the same solids-to-air ratio is
desired and the other, which is bt=sed on the nrobzbility of gas-
babble-suspended solid collision, is that the concentration of

gas bubbles per unit volume of liquid should be the same. Table I
indicates the calculations employed and is based on several
assumptions: (1) the feed is either saturated or unsaturated with
the gas vhase, (2) 1C0% saturation of the air phase is accomplished
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by the pressurizing system, (3) Herry s Law apvolies, and (4) the
flow leaving the flotation unit is either saturated or vartially
saturated with the g:s phase.

The results of Table I indic~te that, with recirculation of the
effluent or pressurization of only a portion of the feed, higher
aeration pressures must be resorted to in order to maintain the
same solids-to-air ratioc that may be obtained with total
pressurization., It is significant that if recirculation of the
effluent is employed and it is desired that the concentration of
air bubbles be the same as when total pressurization is emvployed,
gre-ter amounts of gas must be dissolved and consequently greater
aeration pressures employed.

The partial pressurization system is employed where higher solids
to gas ratios are permissible and where the required concentration
of gas per unit volume of liguid is also low.

A disadvantage to partial pressurization of the effluent results
because the flotation surface area must be increased to accommodate
the quantity of flow being recirculated. Field experience has
shown that the limitation to the sizing of a flotation unit is
usually a hydraulic one. Laboratory tests, under static conditions,
have indicated that overflow rates of 5 to 6 gpm per square foot of
surface area should be permissible, whereas field cverations indi-
cate that the correct hvdraullc rate is 1.5 to 2.5 gom per square
foot. Therefore, if 50% by volume of the effluent is recirculated,
the flotation unit would have to be incre-sed in surface area by
almost 5C% as the surface loading must te maintained at its maximum
permissible hydraulic loading of approximately 1.5 to 2.5 gpm per
square foot.

The maximum permissible surfece loading rates are a functicn of

tank diameter, rate of rise of the gas-colid ag-lomerate, and
fluctuations in feed characteristics,

DESCRIPTION OF DISSOLVED-AIR FLOTATION SYSTEMS

Examples of dissolved-air flotation unite are discussed and shown
by photographs contained in this section.

The examples chosen illustrate total pressurization as well as the
two different methods of partial pressurization. The photographs
indicate the special engineering designed into flotation units -
engineering which is based on the specific requirements of the
particular problem,

0il Refinery Waste

The photograph illustrates a LC foot diameter unit which is handling
over 1C0C GPM of flow from a LO foot diameter preskimming clarifier.
The system utilizes total vressurization; however, any flow which
cannot be handled by the pressurizing pump simply overflows the

sump preceding the pressurizing oump and gravity flows to the
flotation unit where the unvressurized stream is effectively blended
with the pressurized stream.



SANMILE CALCULATIONS OF

G .‘ALE:

=

ABLE 1

GUANTITIES

AND PUMP PRECCLULE

REQUIRED FOR TOTAL AND PARTIAL PRESSURIZATION

For examples of partial pressurization, either 5C% of the feed is prescurized (Item 2 below)

or an effluent stream equal in volume to 5C% of the feed is precssurized (Item 3 below).
Flow rate has a volume ecual to Q.
The solutility of gas in the liouid ie equal to C.C2 Q by volume at atmosnheric prescure
(solubility similar to air in water).
Initial assumption is made that three atmospheres (absolute) required for total rressuri-

zation.

Values in brackets indicate operation where the flow le=ving the flotation unit ies saturated
with the gas at atmospheric pressure.

1. Total Pressurization.

Q Flow In

s FLOTATION
UNIT

—

C.C4 Q Gas in Float

Q. Flow Out

s
3 atm./l atm.

2. Partial Pressurization of 5C% of Feed.

0.04 Gas in Float T

Q@ Flow In

Amount of Gas Reaouired For

=
>

[
Cand

FLOTATION
UNTT

Constant Constant
Solids/Air Air/Liquid
Ratios Volume Ratio
0.C6 Q 0.06 Q
.05 Q C.0C5 Q
(0.CE Q) (C.C6 Q)
——a ! Flow Out
C.Cl § gas out
(C.C2 Q gas out)
5Q
cQ

Pump Discharge
Pressure, Atoms-
pheres Absolute

3 Atmospheres

5 Atmospheres
(6 Atrosnhares

)



TABLE 1 (Continued)

SAMPLE CALCULATIONS OF GAS QUANTITIES AND PUMP PREESURES

REQUIRED FOR TOTAL AND PARTIAL PRESSURIZATION

Partial Pressurization of 50% of Eff'uent. Amount of Gas Required For

Constant Constant Pump Discharge
0.04 Q gas in Solids/Air Air/Liouid Pressure, Atmos-
float, Ratios Volume Ratio pheres Absolute
Q Flow In
> Q Flow Out
/ ol 0.05 Q 5 atmospheres
(0.06 Q) (6 atmosvheres)
FLOTATION 0.07 Q 7 atmospheres
(0.08 Q) (8 atmospheres)
UNIT Y
0.5 Q Flow
47
0.C5 Q gas for constant solids/air ratio = C.04 Q 4 C.02 (0.5 Q)
(c.o6 @ n n " i " " ) - 0.04 Q4 C.02 (1.0 Q)
0.07 Q gas for constant air/liquid volume ratio = 0.04 (1.5 Q) +0.02 (0.5Q)
(c.o8 @ o L n L L n = 0.04 (1.5 Q) +0.02 (1.0Q)
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Over 8C% of the free-o0il going to the flotation unit is removed

as float, and the float consiste of €(-9%9% o0il by volume, Tects
conducted on both the ovressurizing pump feed and Flotator effluent
indicate that the pump does not increase the emulsified o0il content
of the process stream.

Flotator effluents, with no chemical addition, range from 5C-6C ppm
total o0il of which 25 ppm is emulsified o0il. If chemical addition
were employed, Flotator effluents would be less than 25 ppm total
oil.

Other o0il refinery waste treatment plants, which are not pictured,
include two 35 foot diameter Flotators which employ the total
pressurizaticn method and are preceded by two 9C foot diameter pre-
skimming tanks., The Flotators reduce the total oil content, without
any chemical treatment, from 1CC-125 pom to 3C-45 ppm. Total flow
to the Flotators is 200C GPM.

Another refinery installation consists of a 24 foot diameter Flotator
which treats the effluent from a 30 foot diameter preskimming
clarifier. The Flotator handles 5CC GPM of waste water. For this
particular installation total pressurization is emploved, and the
Flotator recovers &8C-9(% of the free oil in the Flotator feed

without chemical addition. The float removed from the unit is
approximately 1((% oil, by volume.

Where chemical treatment of the refinery waste is necessary,
Flotator designs similar to Figure 5 have been recently installed.

One of the most important advantages of flotation units for the
treatment of a refinery waste is that the Flotator is capable of
producing an effluent of 30-6C ppm total o0il without any chemical
treatment. If effluents of 25 ppm total oil are required, then
chemical treatment must be used. However, where biological treatment
units are to follow the flotation units a 3C-6C ppm total oil
Flotator effluent is acceptable.

Lhendering Plant Wacste

This unit is 6 feet in diameter and handles a flow slightly less than
1CC GPM. The unit is capable of removing G(% + of the total fat
contained in a feed which averaﬁes 4LCCC ppm total fat. The 5-day

BOD is reduced by over ¢(%, from 7CCC ppm to 5CC ppm. The Flotator
skimmings contain 1(% solide which partly consist of 2C% crude
protein and 6(C% crude fat (on a moisture free bhasie). In this
instance, total prescsurization is employed.

Steel Mill Oily Waste

The flow to this total vrecsurization Flotator-Clarifier is approx-
imately 200 GPM. The flotation compartment has a diameter of 1C feet
and the overall diameter is 2C feet,

The apnlication is to recover oil and oil-coated varticles by
flotation and to allow mill scale to settle out in the
clarification compartment. Approximately S(% of the free oil is
removed in the flotation compartment.
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Slaughter House Waste

A rate of 250 GPM is fed to this S foot diameter flotation compart-
ment in this 16 foot diameter Flotator-Clarifier.

Results have indic=ted $5% plus removal of ether-soluble matter
(initial values approximately 4COCC ppm), SC% plus removal of suspend-
ed solids (initial values approximately 6CCC ppm) and a 50% plus
removal of 5-day BOD (initial values approximately 30C0O oppm).

This unit is a total flow pressurization system.

Sewage With Oil-Bearing Industrial Waste

Each unit hags an 18 foot diameter flotation compartment and a 35 foot
overall diameter. The Flotator-Clarifiers are partial pressurization
units with effluent recirculation and are rated at 7CC GPM per unit.
The flotation operation removes 5% plus of the free o0il contained

in the oil-bearing industrial waste.

The application of a Flotator-Clarifier as a primary treatment unit
in a sewage treatment plant, where the domestic sewage contains a
floatable industrial waste, represents a very advantageous adaptation
of flotation to the characteristics of sewage.

Sewage With Seasonal Fruit Cannery Waste

A flow of 13C,000 GPD is fed to this 32 foot diameter by 13 foot EWD
partial pressurization (of the effluent) Flotator-Clarifier. A
fruit cannery waste is present in the sewage, and the removal of

the bulk of solids in this waste is accomplished by the flotation
process.

BOD (5-day) removals varv from 42 to 73.5%; suspended solids
removals vary from 57.3 to 88% with a float averaring $.5% solids
of whichf?S.S% are organic. The underflow averages 1.1% solids
and 55.7% organic.

Waste Activated Sludge

The & foot diameter total pressurization Flotator which is shown
concentrates a 500C ppm waste activated sludge stream to a 3 to L%
float. Percent recovery of suspended solids is over 9(%. The
dissolved-air flotation unit is capable of obtaining solids
concentrations 2 to 3 times greater than what can be obtained by
sedimentation in a final clarifier.

The unit is fed at a rate of 60 GPM.

Additional installations not pictured include a 1¢ foot diameter
total pressurization Flotator handling 25C GPM of 3CCC-5CCC ppm
feed, The float from this unit has averaged L to 5% solids and
the suspended solids recoveries are 85-9C%.
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Pilot Plant Flotator

The pilot plant Flotator unit shown is fabricated on a structural
steel base supporting all the necessary equipment for complete
dissolved-air flotation investigations. The components which
contact the process liquid are all fabricated of stainless steel.
All that is necessary for the operation of this unit is a feed line,
electricity, and pressurizing pump seal water. The unit has
facilities for feeding two chemicals and has its own pressurizing
pump and all necessary metering devices. Both total and partial
pressurization investigations may be made.

Aircraft Maintenance Waste

A preskimming clarifier is followed by 2 13 foot diameter by 1C foot
SWD Flotator designed for ontimum operation of 267 GPM with a
hvdraulic capacity of 9CC GPM. Partial pressurization of Flotator
feed is employed with excess flows overflowing the pressurizing

pump sump and mixing with the pressurized stream in the Flotator.

The waste is compocsed of wash water, free oils, solvents and other
wastes from aircraft maintenance shops.

Activated silican and alum are employed to reduce the ether-soluble
0il from 2CC ppm in the Flotator feed to 20 ppm in the effluent.

Chemical treatment is employed using 3C ppm alum and 1C ppm
activated silica.

Primary Sewage Treatment Plant (A cut-away drawing of this unit
is shown by Figure 4 of this paper)

The Flotator-Clarifier is 7C feet in overall diameter and has a ©
foot SWD.

Partial pressurization is emploved with a portion of the effluent
being pressurized and blended with the influent.

The float from this unit contain 6.7% solids which are 87.6%
volatile and the underflow contains 3.7% solids which are 79.5%
volatile. This illustration together with a previous Flotator-
Clarifier illustration indicates considerably higher organic content
in the float than in the underflow of a Flotator-Clarifier.

The application of flotation principles to several industrial waste
treatment problems is summarized by Table 2,



TABLE 2
APPLICATION OF FLOTATION PRINCIPLES TO SEVERAL

INDUSTRIAL WASTE TREATMENT PROBLEMS

Type of Waste Constituent to he Removed % Removal

Total Pressurization

0il Refinery 0il 80-G95
(no chemical treat-
ment)
Rendering Plant 5-day BOD GC
Fat CCs
Steel Mill 0il 90
Slaughter House Suspended Solids SC+
Ether Soluble Matter G5+
5-day BOD 50+
Waste Activated Sludge Suspended Solide S0+
Partial Pressurization of Forward Flow
0il Refinery 0il gC
(no chemical treat-
ment)
Aircraft Maintenance 0il cO
Partial Prescsurization of Effluent
Sewage With 0il Bearing 0il G5+
Industrial Waste
Cewage With Seasonal Fruit Overall 5-day BOD L2 - 73.5
Cannery Waste Overall Suspended Solids 57.3 - 88
Primary Sewage High Organic €.7% Float £.5.
Suspended Solids v (87.6% volatile)
3.7% Underflow
5.8

(79.5% volatile)
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CONCLUEIONS

The purpose of this paper was to precent the fundamental principles
of dissolved-air flotation and to indicate how these principles

are applied for designing flotation units for the treatment of
Industrial Wastes.

Examples have been cited of various installations, and pictorial
illustrations have indicated the engineering that is required in
designing a dissolved-air flotation installation.

Dissolved-air flotation is no longer an experimental process. The
fundamental principles are know and extensive field work has
established the necessary design correlations. The results of
laboratory tests, realizing the hydraulic limitations of flotation
units, may be used to effectively size flotation units. It is still
the better part of good engineering judgment, however, to select
flotation as a treatment process only with a background of
experience, judgment and equipment that is competently and properly
designed not only on functional but on mechanically and hydraulically
sound bases.
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INTRODUCTION

In a modern urban technological society, waste assimilation
capacity of streams is one of the mocst important aspects of use of
water resources. This asset, to be used intelligently, must be
defined in quantitative terms. Generally, four types of problems
are at issue, determination of the best possible site selection
for new mill lccations, evaluation of rotentialities for
expansion at existing sites, analysis of proposed plans for
pollution alleviation, and critical appraisal of the competitive
position of waste disposal in multiple water uses associated
with proposed river developments. There is no substitute for
thorough detsiled studies in developing definitive answers for
these kinds of problems. Since organic was usually the major
probtlem, the waste assimilation capacitv procedures pr=sented
in this paper are oriented to that type of waste; however,
much of the subject matter is more widely applicable.

Five major phases are usually entailed in evaluation of
waste assimilation potential of a stream: (1) determination
of the magnitude and characteristics of the wastes; (2) aporaisal
of the natural hydrologic setting; (3) adoption and verification
of self-purification factors involved; (4) forecasts of stream
conditions expected for ranges of waste loading under various
probabilities of stream runoff; and (5) critical appraisal of
the impact of man-made river developments, existing and proposed.

Source of Wastes

Location, magnitude, and characteristics of existing
municipal and industrial waste sources are best obtained by a
well designed on-shore survey. In addition to the usual
measurements of volume and concentration of constituents, special
consideration should be given to unusual sources. In the BOD
work a check should be made for immediate demand and a differ-
entiation made between the portion of BOD in settleable solids
form subject to deposit and that in colloidal and dissolved
form. In addition to the standard 5-day BOD, rate curves should
be run on the wastes and on representative river water samples
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taken downstream., Industrial overating schedules and product
output provide a basis for evaluating variation expected in waste
load. Vhere a new mill or an exnansion is involved, estimates

of waste loads are based uvron pilot results or loading per unit of
production bases upon prior exverience.

Attempting a quantitative measure of waste load through water
courze sampling is an inademate substitute for an on-shore suivey.
Water course sampling results should be reserved as a check
agzinst the direct measuremrent of the sources.

Hydrology

The degree to which waste assimilation capacity can be quanti-
tatively defined is dependent to a large extent upon the detail with
which the hydrology of the specific drainage tasin is determined.
Hydrologic phenomena are highly variable in time and place; hence,
waste assimilation capacity of a river is not a fixed static aquantity,
but rather 2 range in potential tied to hydrclogic change. Fortunately,
however, though variable, hvdrologic changes occur in the long
run in a quite orcerly facshion, and can be defined by statistical
analyses of long term records. Kncwing the nature of variation
and probabilities of saccurrence, one can make rational decisions
about levels of use of the water recource. Three hydrologic
variables are particularly pertinent, climate, stream runoff, and
physical characteristics of the river channel.

Climatic Setting

The climatic setting establishes the unique differences
between drainage basins. Physiogra~hic land forms, geology,
topography, vegetative cover, land use, rainfall, and temperature
all olay a role. Since the critical condition with respect to
waste assimilation capacity usually is coincidence of high temp-
erature and low stream flow, temperature deserves special consider-
ation,

Air and Water Temper-ture.

Temverature of the river water is of primary importance as
it playe a triple role, affecting the rate of stabilization of
organic matter, the dissolved oxygen saturation capacity of the
water, and the rate of reaeration. As temperature rises the
rate of satisfaction or organic matter increases, thereby
increasing the demand upon dissolved oxygen of the river, and,
unfortunately, as temperature rices the oxrgen saturation capacity
of water decreases., Off-setting this to some extent, with rise
in tempersature, is the increase in diffusion of dissolved oxygen
within the body of water.

Long term records of water temperature T?e usually not
available, and while methods are availatble ( to derive water

Forecasting Heat Loss in Ponds and Streams. C.J. Velz and
J.J. Gannon. J. Water Follution Control Federation, 32:3G62 (196C).



temperatures from meteorclogical reccrds, the computations =zre
extensive in developing a long term series. However, temnerature
of surface water of streams parallels reasonably the monthly mean
air temperature, nd for many pr=ctical problems the patterns
developed from statistice2l analyeis of long records of monthly
mean air temperature serve as a reasonable aporoximation. This

ie illustrated in Figure 1, showing a comparison of air and water
tempverature records for the lower Arkansas River. Based upon
statistical analysis of the 6 year record of air temperature

at Fine Bluff, Ark., Curve A shows the most protable monthly
average air temverature exvected and the shaded band, about the
most probable, indicates the range within which monthly average
air temperature can ve exvected for fC percent of the vears,
Obecerved river water temperaturecs taken at Little Rock, Ark.,

for a 6 year period are also shown on Figure 1 for the respective
months through the seasons of the year as the mean, and the maximum,
and the minimum monthly averages It will be noted that in rost
instances these water temperature data fit well within the pattern
descrited by the 66 year record of air terperature.

From the statistical analysis of records of stream runoff,
the period of most frecuent occurrence of drought flowe can be
identified in relation to the seasonal termperature vatter, as
shown on Firure 1. For thes lover Ar<9n_Ak, the sevaerzs drought
stream flows occur most frecuently in late tevntember and early
October after the seasonal peak in temperature has pessed, which
is a distinct advantage. Vhile thies ic a common pattern, in some
climatic settings the seasonal peak of temverature coincides with
the drought stream flow frequency distribution, which is a
disadvantage to waste assimilation capacity.

In the severe northern latitudes the critical season may
bte winter when ice cover prevents reaeration from the atmosphere.
The seasonal pattern develcped from monthly mean air temperature
records assists in identification of the period when ice cover
can be expected.

Stream Runoff Characteristics

The size of the river, or the amount of stream flow
available, is the most important asset in waste assimilation.
In addition to very unecual geogranhical distribution, the ouantity
of stream flow tomorrow will be different from today, varving
through the cseasons from year to year with extremes of flood
and drought. While the average flow of a river may appear good,
the real restriction limiting the quantity of water available for
use is the uncontrolled natural drought flow. Two statistical
evaluaticns aid in judging availability, the ceasonal pattern of
runoff, and the determination of the drought flow probabilities
for the critical warm weather summer-fall season. To illustrate
these and show how different cne drainage basin can be from
another, I have drawn from ¢ tudies we have made cn a river in the
Atlantic Coastal Plain Referred to as River "A" (drainage ar=a
2,465 sguare miles) and on a river in Mishipan of practically
the same drainage area, referred to as aniver "B",
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Seaconal Pattern of Runoff

inalyeses of long-term monthly averaps discharge records at
stream gaging stationes reflect the ceasonal pvattern of runoff
and deviationes expected. The variation of discharge for any
month from year to vear is usually great and generally approaches
a logarithmically normal distribution. Analyzing each month of
the vear separately orovides the most prob=ble monthly average
discharge and the exnected ranges, from which the seasonal
pattern can be constructed.

Fifures 2 and 3 illustrate such seasonal patterns for River "A"
anc hkiver "B", recpectively. The most »robable monthly average is
represented by Carve A and the shaded belt about the most probable
is the range within which monthly average discharge can be expected
for &C percent of the veare. The average discharge for the period
of record is food, River "AM" at 2,15C cfs and River "B" somewhat
less at 1,54C cfs. Both have high winter-soring flows and low
flows in the summer-fall season. The most probable or normal
drought flow of River "AM™ ics expected in Uctober at L7C cfs and
for River "B"™ in Kichigan ie practically identical with this,
tut is expected earlier in the season, in August. However,
eimilarity of the two rivers ends here. ! significant aspect
to consider is the degree of variation expected above and below
normal such as indicated by the 80 percent confidence range
shown by the cshaded band. Referring to River "A", for the
critical drought month of October, while the most probsable runoff
is 47C cfs the uopper limit of the 8C percent range can be expected
as high as 3C0C cfe and the lower limit can te expected to fall
as low as 6C cfs. In contrast to this, River "B" in Michigan
for which the most protable drought month ies also 47C cfs, the
8C percent range in variation is much narrower extending up to
6CC cfs and falling to 32C cfs.

River "AM™ in the Atlantic Coastal Plain is an examnle for a
stream generally high in runoff, with high flow in many years
continuing through the summer-fall season with high notential,
but occasionally subiect to extremely severe drourhts drast-
ically restricting notential if growth is geared to the drought
flow.

Drousht Flow feverities 2and Probabilities

Since the time of parsage through the critical reach of a
river is generally lees than a month, in additicn to the seasonal
pattern of stream runoff developed from monthly average discharges,
from the standpoint of waste assimilation capacity it is of
importance to know the probibilities of severe drought flows
expected for shorter periods such as the minirmum weekly averages.
Selection of such minimum flows for the warm weather season for
each year of record develops a cseries of extreme values which
generally are in close agreement with the statistical theory of
extreme vales (2). Fipure 4 shows polte of such minimum flows
for River "B" in Michigan on extremal protability paper; Curve
A the distribution for the minimum consecutive 30 day average
drought flows, Curves B, C and D the minimum consecutive 15,

7 and one day averages, recpectively. From these rrobability

(2) The Return Period of Flow Flows. L.J. Gumbel. Annals of
Mathematical Statistice, 12:163 (1941).
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distribution curves it is possible readily to obtain the drousht

severitv for any probzbility of occurrence such

probable or the once in 5, 1C and 20 year freaguency.

drought flow

in Table 1.

severities

for these freaquencies

as the most
mxvected

are summarized

TABLE 1
IXPECTED DRCUGHT FLOW DURILII'G SUINIMER-FALL SEALON
RIVER "E"™ IN MICHIGAN

Minimum Minimum Minimum Minimum
Drought Daily 7-Day 15-Day 3C-Day
Frequency Average Average Average Average

Cfs Cfs Cfs Cfs

Most Probable 274 341 375 L1
Once ir 5 Years 219 271 306 338
Once in 10 Years 1¢7 242 276 307
Once in 20 Years 177 217 251 278

In turn, from the prcbability distribution curves, the
relation between severity and duration of drought flow can be
established as shown on Figure 5. This provides a gr=vhic
concept of the entire drought flow structure expected on the
Michigan River "B" durings the warm weather season as an
averare flow over any number of consecutive days from one to
3C dayes duration; Curve A, the most probable drought exvected
in any vear, and Curves B, C and D, drousht expected on the
average in the long run once in 5, 1C and 20 years, respectively.
It will be noted that as the rpr1hd over ~hirh ctresm dicscharge
is averaged,is shoriened, available stream flow declines or
drought severity incre..ses. Lkach stream has its unique drought
flow framework within which man-made activities and water uses
must be viewed.

Similar analyses of drought characteristics of HRiver "A"
in the Atlantic Coastal FPlain also demonstrate distributions in
accord with the theory of extreme values but which are cuite
dif"erent in severity from that of the lMichigan River "B".

TABLE 2

EXPECTED DROUGHT FLCW ESULMTER PXLL CIASCON
RIVER "A"™ TN ATLARTIC COASTAL PLAIN

Minimum [Tinimum
Drought Daily Lonthlv
Freauency Average Average
Once in 5 years LI, cfle 15 efs

Cnce in 1C vyears 2L efs 5¢ cfe
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For example, comparing Tables 1 and 2, the once-in-ten-year
drousrht flows on the Michigan River "B"™ as minimum 3C-day average
and one-day average are 3(7 cfs and 197 cfs respectively, while
on the Coastal River "A" they are 59 cfs one 24, cfs resvectively.
Certainly, there is not much prospect for industrial develooment
on River "A"™ if it is geared to these natural drought flows.

But before abandoning River M"AM™ as an industrial site, the general
high level of runoff otherwise available suggests substantial
potential, consideration of which is discuscsed later.

Physical and Hvdrologic Chracteristics of the River Channel

An aspect of hydrology usually not fully appreciated is
the physical characteristics of the stream channel, whether
deep and slow meving or shallow and rapid. Occupied channel
volumes, widths, depths, surface and cross-sectional area, and
hydraulic factors including the important element of time of
passage from reach to reach are essential to the aquantitative
determination of deoxygenation and re=meration alony the cource
of the river. If such data are not available they now can be
obtainad readily in the field emrloying protable echo sound
eguirment, bty channel cross-section sounding at about 5CC
foot intervals along the course. Each runoff regime prodices
its corresponding channel characteristics; having field measure-
ments for one runoff condition, based upon appropriate cstage
rating curves, adjustments can be made in channel character-
istics for other probabilities in stream flow.

Adoption and Verification of Self-Purification Factors

The third phase of evaluation of waste assimilation capa-
city procedure is the adoption of deoxygenation and reaeration
fundamentals to the specific stream under study in order to
determine %?e resultant self-purification capacities. Our
approach ( is to consider deoxygenation and reaeration separ-
ately; the liabilities and assets are then combined to determine
the resultant dissolved oxygen profile along the river. The
liability side, deoxygenation, is determined from the integration
of the waste loads down the river at the pre-determined rate of
decomposition and at the time of passage computed for the specific
runoff regime, taking acount of any abnormalities such as immediate
demand, sludge deposits, or biological extraction. The assets
side, reaeration, is based upon Phelp's fundamental law(d) using
the factors of runoff, occupied channel volume, depth, water
temperature and stream turnover as determined from the physical

Factors Influencing Self-Purification and Their Relation to
Pollution abatement. C.J. Velz, Sewage Works J., 1G:629
(1947); 21: 3C9 (194¢)

Stream Sanitation. E.B. Phelps, Wiley (1944).
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and hydraulic characteristics of specific reaches of the river,
taking into account initial dissolved oxygen in the stream flow
and that contributed from tributaries along the course.

This procedure provides a basis for direct comparison
between observed river sampling resulte and an independently
computed dissolved oxygen profile under the same conditions,
thus providing a verification of the self-purification factors
adonted. For a verification to be esignificant it is axiomatic
that conditions be comparable, and that observed water course
csaroling reliably reflect a know oollution loading and steady
runoff regime. Rivers are dynamic and water course sampling
must be more than taking grab samples now and then under
highly variable conditions. For statistically significant
results a carefully designed a?d well executed program of
intensive sampling is reauired

Three examples drawn from among our river studies illustrate
the validity of this aporoach and the high degree of verifica-
tion that can be ottained from refined computations and good
stream survey data. Figure 6 shows the observed dissolved
oxygen prcfile for River "C" in Michigan based upon an intensive
round-the-clock 3-day survey, providing 18 samples at each
sampling location. Curve B reprecents the mean of the observed
data and the shaded band, the GU vercent confidence range based
upon variation of the individual sample results. Curve A
represents the indevendentl - computed dissolved oxygen profile
under conditions which prevailed during the intensive survey
perioa, tzkin; into account the prevailing loads and self-
purific=tion ch=racteristics involved. It was noted that the
comruted dissolved oxygen profile (Curve A) is in close agree-
ment with the mean of the otserved D.0O. samoling results (Curve B).

Figure 7, similarly, represents comparison between com-
puted and observed dissolved oxygen profiles on River "B" in
Michiran., This represents a complex situation of minicipal
sewage, industrial wastes, and a heavy heat load. Again, the
observed survey data reprecsent an intensive water course sampling
program over a 3-day veriod, reflecting 18 or more individual
csample results at each sampling loc2tion. Curve A revrecents
the independently comnuted dissolved oxvgen profile for the
conditions which prevailed during the survey period, and it will
te noted there is generally good agreement between the observed
and computed results.

Similarly, Figure 8 represents a comparison of computed
and observed dissolved oxygen profiles on River "D" in Virginia,
solid linzs representing the independently computed D.O.
profile and the circles the observed based on samoling data.
These profile illustrate dramatically the importance of taking
into consideration abnormalities associated with sludge accumula-
tion., The upper profile represents conditions in which, preceding
the samnling period, the runoff hydrograph permitted a prolonged
period of accumulation of sludge approaching eguilibrium levels
with conseacuent sharp decline in D.0. The lower profile
represents condltlons under approximately the same waste loading

(5 )Samnllng for Effective Evaluation of Stream Pollution. C.J.Velz.
Sewage and Industrial Wastes, 22:666 (1950).
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and runoff but preceded by only a short ovrvortunity for sludge to
accumulate with consequent less severs dacline in D.O. Taking
such conditicne into account in our refined methods of comwnutation,
it will be notec that there is good agreement in both instances
between the comnuted and observed results.

At this point I should like to emphasize that there is no
short-cut to evaluation of wsste assgimilation capacity. A con-
siderable body of detailed information and comoutations are
involved if definitive quantitative answers are to be develored.

In our exrverience the widely used oxvgen s3g equation bases primarily

on observed stream conditions and then avolied to other stream
cenditions is not adecuate feor evaluation of most situations encountered
today. Likewise, reliance on statistical correlations of ol gerved
stream samnling data taken undar one set of conditions is not

adequate to proiect exvected results for cuite different conditions.

We believe that the sound avvroach is to break the problem down

into its respective asvecte, considering in each area the fundomental
factors involved.

Forecastes of Stream Conditions.

With self-purificstion charactericstics defined and verified

on a fundamental basis, it is possible to forec st stream conditions
expected for various waste loadings over the whole range of

stream runoff expected. ©Such forecasts define the range in waste
assimilation capacity available, from which the relation tetween
stream runoff and allowable waste loading can be ecstablished. It

is then possible to appraise the desirability of the river location
as a site for a new mill, for expansion at an existing site,or to
evaluate the effectiveness of various pollution ab terent proposale.

The objective is maximum utilization of water resources without
waste or abuse. As competition for limited water resources intensifies,
fFreater attention is directed toward utilizaticn of 2 larger vrorortion
of the total annual capacity of the stream, not just the minimum
available during the drourht season. To this end, two methods of
increasing waste assimilation potential offer promise: storage of
stream runoff with regulated release to augment flow during the
drought season, or storage of industrizl waste with regulated
release in accord with seasonal variations in natural stream flow.
Excerpts from studies we recently made illustrate the potential
of these two approaches.

River "aM™ in the At1antic Coesstal Resimn discucsced above, which,
it will be recalled, has ¢ high average runoff but suffers from
occasional severe drcasnis, 18 & pood e..ample of t.ue potencvial of
waste storage and r-:gulated releacse. For this location, some LO
dissolved oxygen precfiles were forecast for all seasons of the ve-r
in order to evaluate the possibilities of lagoon waste storage as
a meanes of utilizing a larger vrovortion of the annual waste assim-
ilation capacity. '/aste assimilation cavacitv during drought
periods is drneticnally limited, and comrutations show that even
emploving the hirhest degree of waste treatment technically
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feasible, the drought flows would suprort only a small mill production
capacity. But the forecasts further disclose that if the total
annual waste assimilation c apacitv of the stream could be utilized
each yvear it would provide annuzl mill production potential 1C

to 5C times that possible under restricting drought conditions.

It was further found that moderztie lagoon waste storage capacity
opened possibilities of this location as a site for a mill of
consicerable capacity. As an illustration of the potential of
stream runoff storage and flcw regulation, reference is made to a
highly developed urban-industrial complex in Ohio along River "i",
Figure 9 represents the computed dissolved oxygen vrrofiles exvected
under once in 1l(-year natural drought runoff for two plans of
cewage and waste treatment for 1975 loade; Curve B, 65 percent
reduction in BOD and Curve C, 85 percent reduction. Drought
conditions on this river are extremely csevere with the once in
1C-year drought of 133 cfs, 223 cfs, and 316 cfes at locations"X",
"Y", and "Z", progressively downstream. Under these conditions

of extreme low flow, even with a very high degree of treatment,
desirable dissclved oxvgen conditions in the critical reaches

of the river cannot be maintained.

Figure 1( showes forecasts of dissolved oxvgen rrofiles for
a combinaticn of moderate treatment, removing settleable solids
subject to devneit, in combination with low flow regulation of
the stream, Curve A increasing the dry weather flow from 316 cfs
to 8CC cfe 2t location "4", and Curves B andC for additicnal
increments of augmented flow in the lower reach. Comparing the
chape of thece profiles with the previous profiles under drought
conditicne und high degree of treatment (Figure 9), a dramatic
difference is apparent, particularly in the upper reach of the
river, with substantial improvement in dissolved oxygen conditions.

As the trend toward urban-industrial concentration con-
tinues, reliance uvnon waste treatment alone will not be adequate,
and more consideration to drought alleviation through s tream flow
regulation will be necessary for continued economic growth
dependent upon multiple water uce.

Impact of River Developments on Waste Assimilation Capacity

gvaluation of the imnact of existing and pronoced river
developments on waste ascimilation cavacity is of incresasing
gignificance in the corpetitive use of water recsources. Devending
uron how planned and overated, man-made river develovments such as
hyvdro and steam rower plant, dame, recervoirs, navirstion works, and
stream diversiocons can be either beneficial or detrimental to waste
assimilation potential. Hence, industry and rovernment agencies
resovoncsible for satisfactory waste disvosal mucst be constantly on
the alert as to the efiect of existing and vprovosed river developn-
ments. Often a little fore-planning can recsult in mutu=lly beneficinal
results; when irreconcilatle conflicts are presented, rational
decisione can be based onlv upon quantit=ative appraisals of the
benefite and the dariages. Time does not permit a detailed documen-
tation, but a few situations may illustrate the imrortance of thie
phase of waste assimilation evaluation.
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One difficulty to cope with is the diurnal and weekend pulsa-
tions in discharge induced by mcdern hydro power plant practice.
The trend is to rely upon the hydro power to meet the péak power
demands, using steam generation to carry the base load. In some
caces this results in drastic reduction of natural waste
ascsimilation capacity. A dramatic illustration is represented
in Figure 11 for River "F" in South Carolina, where continuous
measurements of change in stage were recorded at three locations
downstream from a large hydro power plant. Curve A represents
the change in stage at a location 23 miles downstream, Curve B
at a location 88 miles downstream, #nd Curve C at a location
120 rmiles downstream. The diurnal fluctuations during week days
are sharply defined in the upper reaches, and the marked decline
in stage associated with the weekend shut-down ie reflected all
along the course as low flow for periods of over 2 davs.

While it is not to be expected that the pattern of hydro
oower operation in combination with steam generation will be
changed, it is possible to iron out these diurnal and weekend
pulsations in discharge by the installation of a relatively small
reregulating reservoir below the main hydro power plant. In the
self-interest of the utilities in promoting industrial customers,
such reregul-tors may become standard practice in plans for hydro
power developments.,

In addition tothe hvdro power developments, of increasing
importance is waste heat discharge from steam power plants. Large
quantities of condenser water are needed, and since about 5C per-
cent of the energy input is dissipated in the condenser water, a
substantial rise in river temperature during the drought season
may result, adversely affecting waste assimilation capacity and
aquatic life., Multiourpose storage and stream flow regulation to
incrense dry weather runoff is a good corrective.

Upstream storage reservoirs developed on a multipurpose basis
with consideration to drought alleviation through low flow regulation -
during the critical warm weather low runoff season can be a
distinct asset to waste assimilation capacity, as was illustrated
for the Ohio River "E" (Figure 1C). However, in connection with
reservoirs, particularly those with deep submerged outlets, the
discharge below the dam may contain little or no dissolved oxygen.
Without a sufficient intervening stretch to rebuild to normal
level of dissolved oxygen through reaeration, down-river users can
be seriously affected. Proper design to permit taking water at
different levels to insure satisfactory dissolved oxygen can
overcome this difficulty.

Navigation works, through construction of dams or deepening
of the natural channels, may drastically reduce waste assimilation
capacity of the stream by increasing the demand on oxygen resource
through longer time of passage and by reduced reaeration.
Navigation works are often vromoted on the basis of stimulating
industrial development; actually they may be a serious handicap
to industrial growth through curtailment of natural waste
assimilation capacity.
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Diversion of water resources for supvlemental irrigation,
a practice rapidly extendine into the humid areas, unless comven-
sated by storage, is an extremely serious threat to industrial
development. These consumpilve uses 01 waler are preatest in the
season when there is the greatest need to conserve the waste
assimilation capacity in the stream.

Conclusicn

In conclusion, if water management is to move forward on a
rational basis, free of waste, abuse, and arbitrary action, it
must be guided by facts, the quantitative definition of waste
assimilation capacity of each varticular stream. Intelligent,
rational nlanning imnlies comprehensive evaluation in advance of
adoption of any abatement proposal. It also implies an element
of prevention with thorough evaluation before loc~tion and
construction of new mille or expansion at existing sites. Time,
effort, and resources devoted to comprehensive evaluation of
water resources and waste assimilation capacity will be revaid
many fold in avoiding conflicting water developments and in
avoiding pollution problems.
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SOLIDS REMOVAL PRACTICES IN THE PAFZk INDUSTRY

By

Russell O, Blosser,
Recsident Engineer,
Kalamazoo College,
Kalamazoo, Michigan.

National Council for Stream Improvement
(of the Pulp, Paper and Paperboard Industry)

You have just heard an excellent paper on the waste
assimilation capacity of streams. As was pointed out by Dr. Velz
each stream has a certain capacity to assimilate waste loads.
This ability to assimilate a waste load is dependent on a
number of interlinking factors which include the hydrological
characteristics of the stream and the temperature of the stream.

I wish to emphasize that eaoh river or possibly a section
of a river may require a different degree of treatment than
another river. Seasonal runoff patterns may be such that
treatment is only a short term summer requirement. Hence, the
type of solids removal and degree of solids removal practiced
may vary from one location to another. I will, therefore, cover
in this paper some of the methods employed in the paper industry
to reduce the solids load in paper mill effluents. These
practices cover a wide spectrum and it is not uncommon to find mu-
ltiple employment of one or more methods discussed. Many solids
removal practices involve the collection of hydrous sludges
composed of organic and inorganic materials. The problem of
solids removal and sludge disposal are closely associated and
the consideration of one without the other is almost impossible.

Internal Measures to RKeduce Solids Losses

A Substantial reduction in solids losses from many
operations can be accomplished by internal measures. While
internal measures may not be classified as waste treatment,
in many cases they have contributed substantially to a reduction
in solide losses. In most cases, solids loss reduction should
start internally and be followed later by external measures.

The means to accomplish fibre recovery and the accom-
panying solids loss reduction are many. Lardieri recently
covered in detail the subject of "Recovery of Useable Solids".
While each operation is a distinct problem of its own some
practices can be applied almost universally. One of the simplest
and vet more constructive steps that can be taken is stock chest
level control to prevent overflow to the sewer. Any of several
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positive detection or warning devices can be used to detect full
chests so that overflows are prevented.

The rouse of high solids content waters in stock preparation
in practically all cases has resulted in a reduction in solids losses.
While there are scme grades which do not warrant extensive rouse
of water within the mill, these pgrades are few and far between,
for the practice finds use in mills which manufacture a wide grade
of products. Common uses for the unclarified white water include
beater makeup and beater dump, cyvlinder and wire showers, dilution
at jordans, consistency regulators and the like. The success of
a good water reuse system usually hinges on white water tanks of
proper decign and adecuate capacity to supply peak loads.

It is becoming more common place to isolate the rejects from
screens and other dirt removal equipment, dewater the fibre on
screens or in wooden boxes, then haul this material dir-ctly to
the dump. Thie practice not only isolates rejects from possible
ccntamination of white water which could be reused but usually
affords a substantial solids loss reduction.

Savealls have contributed substantially to solids loss
reductions in the paper industry. The types used include drum
screen, inclined screen, flotation, vacuum type and gravity cedi-
mentation units. Each has ite merit. The simpler screen save-
alls are the cheanect but in due turn usually recover lecss
material. Gravitv, flotation, and vacuum type savealls oroduce
the best effluents but are more expensive to install, Certain
tvpes of operations lend themselves better to saveall operation
and reclamation of the reclaimed fibre and reuse of the clarified
water. In general, it can be said that the fewer the grade
changes the more effective the saveall operation. Good saveall
operation and subsequent good solids recovery can usually be
traced almost directly to savealls of adequate size placed where
they can be easgily supervised and maintained and used in conjunction
with a surge tank arrangement.

For some operations, savealls serve the dual purpose of
fibre reclamation and final treatment units.

External Measures

It is renerally imvlied that the solids recovered by savealls
are roused in the mill. In many cases external treatment of mill
effluente is necessary to satisfy treatment reouirements.

Where btarking is practiced there is, in some cases, a
chance to reduce the solids 1load discharged to the stream Ly
relatively simple means. The obvious preliminary step is to
haul the bark to dumps rather than discharge to the stream. Wet
barking operations usually carry a high load of large particulate
matter in the effluent that can be readily screened or removed by
csettling in simple earthen settling vponds.

The removal of settlezable solids, settleable solids being
defined as those suspended solids which are removed by 1 hour or
2 hour settling in the laboratory, is usually the first step in
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a pollution abatement program where external treatment is recuired.

Exclusive of those cases where savealls on the cewer in
contrast to savealls in the white water system are uscc,
gravity sedimentation is a common method of settleable solids
removal. Both earthen basins and concrete or steel tanks are
used.

Earthen settling beds are usually built in parallel
with one in use while one or more are having the sludge de-
watered by seepage prior to excavation. Design criteria are
not firm for this type of operation but one must allow for
storage of a substantial volume of sludge and maintain a
width that will allow cleaning with a crane. For maximum rate
of seepage in d ewatering the sludge accumulation, a porous
subsoil of gravel is beneficial and, under all circumstances,
the bottom should be well atove the ground water table.

The use of mechanical clarifiers for removal of
settleable solids is common. These clarifiers, similiar to
those used in domestic sewage treatment, are round or
rectangular in shape with mechanical sludge removal mechanisms.
Both shapes are used; the round tanks being predominant. Design
criteria are usually expressed in surface loading rates of
gal/ft?/day and in detention time. Surface loading rates in
the range of 50C-100C gal/ft?/day are employed depending on
the nature of the waste.

Detention times in due turn range from 1% to 5 hours.
Detention time may appear to be high in some cases due to the
depth of tank employed. For example, depths of 1C-12 feet
are common and beneficial in providing a period for sludge
storage comnaction. The collection mechanisms for thecse
units resemble those found in conventional sewage clarifiers
but are generally of heavy duty construction capabtle of handling
torque loads normally associated with thickener operations.

In practically all cases, sludge is pumped from
mechanical clarifiers as opposed to gravity draw off. Sludge
pumping, if properly designed, provides a more dense sludge
and reduces supervision time involved. Variable speed screw
pumps have found wide spread use as sludge pumps. Centrifugal
pumps are used but leave much to be desired in selecting
pumping rates even when time actuated due to the variation in
line head loss, and therefore variation in discharge rate,
involved when pumping fibrous slurries.

Sludge Disposal

The science of solids removal is probably more straight
forward and more advanced than sludge dewatering and sludge dis-
posal. While there is some semblance of correlation in
settleability between most mill effluents, the sludge from
different operations varies tremendously.
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The removal of =zetteable solids must therefore also
invoive consideration of their disposal.

Land disposal is the common method of final disposition of
the sludges from the paper industry. The methods of processing
prior to and actual disposition on the land, however, cover a wide
spectrum.

Where large land areas are available the pumping of sludge
to large man made or natural basins is practiced. While this
method of dispozal is cheap and simple there remains the problem
of an odor niusance,

In many cases sludge drying beds are used to partially de-
water sludge prior to hauling it to land disposal. These beds
are porous bottomed units set above the water table. A bed is
usually designed to hold one month's sludge. After filling, a
minimum two month period is used for partial dewatering of the
sludge prior to excavation.

Some sludges can be vacuum filtered at reasonable loading
rates. Other sludges are almost impossible to thicken to the point
where filtration is either practical or possible.

In an effort to devise a means to handle some of the sludges
which are extremely difficult to dewater, we have extensively explored
the field of centrifugation. Both the disk type and conveyor type
centrifuge have been investigated in the laboratory and in the field.
The conveyor centrifuge appears to be better adanted to sludge
dewatering than the disk centrifuge.

Extensive test work with the conveyor centrifuge has
indicated that solids recovery is probably the limiting feature
of the equipment. Solids recovery in the range of SC% can be
obtained with the voroper feed rates, however. Factors which
were cshown to affect solids recovery included towl speed and feed
sludge =olids content. An increace in either or both resulted
in a better solids recovery. Cake solids content of the
dewatered sludges tested were comparable to vacuum filter cakes.
Power recguirements for centrifuging are in the range of C.7
HP/Gal/minute. This power cost is compensated for in many
installations bty the need for an apparently small amount of
supervision.,

While final disposition of most 211 paper mill sludge
after some type of dewatering 1s on the land, problems are
involved. Both the estheticz and space required must be considered
Waste treatment in congested areas leads to sludge disvosal
problems particularly where odors are involved. The quantity of
land recuired for sludge disnosal becomes preponderously large
in some cases and what appeared to be adequate acreage at one
time is now filled with sludge.

The vpossibility that recovery of these solids might
be feasable in some instances has been investigated by the
Council and by individual mills. It suffices to say that while
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they can be used in certain products, neither the demand nor the
financial attractiveness of any scheme has led to an expansion
beyond the laboratory.

There is little doubt that land disposal will continue
to he a dominant method of sludge disposal. For those instances
where land disposal of raw sludge is not possible, we have
investigated the feasalility of sludge burning. Of those
sludges tested, it appeared that the physical handling problems
encountered could be met. The he=t balances encountered with
paper mill sludges Aare not as favorable as those of domestic
sewage due to the lower BTU content of the organic matter precent.
The lower heat values in due turn require drier sludge cakes than
normally a ssociated with domestic sewage sludge if heat require-
ments are not exorbitant. This fact guides our thinking on sludge
dewatering and we are now investigating the use of continuous
pressure filters which show promise of prcducing drier sludge cakes.

C

cummary

The reduction or removal of suspended solids from mill
effluents has many aspects. The degree of removal or reduction
will depend on local conditions.

Settleable solids removal is a three phase oproject involving
removal , dewatering, and disposal; each a problem in itself.
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STATEMENT OF THE PROBLAL

Obviously, in the selection of a site for a new industry
the starting point must be the requirements of the new plant. It
seems superflous to point out that it is impernative to have a
definite statement at the outset of the study of the requirements
of the plant as initizlly and as ultimately planned. However, it
is surprising how difficult it is to obtain this informotion and
how frequently requirements are changed after the site study is
underway.

Controlling factors governing the selection of ¢ wet process
site include:

(a) The availability of raw materials,

b) Transportation in relation to raw materials and markets.
c) The quality and cuantity of labor available.

(d) Community facilities.

(e) Taxes at the local and state level.

f) Power and fuel.

g) Character and type of land in the site itself.

(h) Quantity and quality of process water.

(i) Quantity and quality of the wastes discharged.

(j) Quality and quantity of water available in the
receiving stream for the assimilation of wastes
to be discharged which is interrelated with the regula-
tions and standards of the stream control agency of the
state in which the site is located.

All of the factors discussed above except waste disposal
have always been of importance and now waste disposal has become so
important it might be said that something new has been added to the
problem of site selection.

Items (a) to (f) inclusive, while most significant, are
beyond the scope of this paver and will not be discussed further.

The size and tovography of the site is of major imnortance
since in many cases the most feasible method of solving the waste
disposal problem is by storage in shallow basins which may serve
both as egualization tanks and oxidation lagoons, or by storage in
reservoirs which provide a substantial amount of impoundment with
release controlled in provortion tc the ability of the stream to
assimilate pollution. Frequently lagoons may be only one of the
treatment devices but will have a significant bearing on the overall
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verformance anc cost. Another important consideration is that
changes in process or upgrading of regulatory standards may
resuire more complete treatment than those currently envisioned.
All these factors underscore the importance of acquiring ample
acreage for lagoons to care for current and future needs.

WATER SUPFLY

Becausze the amount of industrial waste is a function of
water supply requirements and because the quzlity of raw water
available is related to the quality of the stream for assimilation
purposes, surface water supply merits special consideration in
this paper =2s a site requirement. (Obviously, in the case of under-
ground sources, consideration of the ouality of the water in the
receiving stream is independent of water supply.)

The usual general requirements of an industrial water
supply specify that it should be virtually free of suspended
matter and turbidity, low in color and hardness, free of ob-
jectionable tastes and odors, and low in iron, with a pH in the
vicinity of 7.0. The above applies to industries using water
for process purvoses which is the problem we are primarily
concerned with, There are in addition a number of industries
that use water verv largely for cooling and for these industries
low and uniform temperature are most important although the
permissible tolerances of chemical constituente can be higher.

Formerly the cuality of water available in its natural
state was a much more important factor in site selection since
many older industries were located to take advantage of a lake
or stream which rrovided water of sufficiently good quality to
be used without treatment, but generally speaking, today's
requirements are sufficiently exacting that few natural waters
are good enough to be used without tre=tment.

There are, of course, many exceptions to the above and
currently considerable study is being given to the possibility
of using different grades of water for appropriate uses in a
wet process plant.

Generally speaking, once the ouantity of water for pro-
cessing requirements has been established, the determination of
the cuantity of waste to be handled is comvaratively simple.
Obviously, certain deductions c¢an be made to cover uses which
contain no pollution of which cooling water is the most important.
However, it should be noted that the addition of large amounts
of heat to cooling water may complicate the stream pollution
problem.

Setting up the quality of the waste, i.e., the amount of
pollution resulting from various processes, is apt to be trouble-
some, particularly if the source of informstion happens to te an
old mill situated on a stream where are a number of different
outlets discharging in locations difficult to gage. In many
cases, it is necessary to calculate pollution loads from data
and experience at other mills manufacturing similar products,
and this is always necessary in a case of a newly formed company.
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CAPACITY OF THE RZCEIVING STREAM TO ASSIMILATE
INDUSTRIAL WASTE

From our previous discussion the selection of a site is
now recuced to this form; that the total pollution load to be
discharged into the stream from the proposed plant in its
initial and ultimate size has been established. The next step
ie to select several tentative locations. In many cases this
can be done as office study with the aid of local development
agencies as are maintained by many states and by railroads and other
utilities. Speaking practically, in the southeast area of the
United States there are a limited number of sites which contain
these important elements; namely a large tract of land with
suitable topography located on a good sized stream, with access
to major highway and railroad facilities, and reasonably near a
city or town large enough to supply adequate community resources
such as schools, hospitals, housing, recreational facilities, etc.
As an indication that such sites are becoming scarce, several
larger industries having need for large wet process sites have
acguired such sites for future develoopment.

In the consideration of how much tre=tment of the industrial
waste is recuired it is obviouslv necessary to determine the
ascsimilation capacity of the stream on which the site is located.
In general dissolved oxygen is the most important analytical
constituent and in most cases there is adequate published data for
preliminary studies. After an initial elimination has been made,
it may be necessary then to have analyses made to determine the
quality of the water in the receiving stream at those sites which
are still under consideration.

At sites below larger impoundments with low level outlets
which may be either discharge gates or hydraulic turbines, consider-
ation should be given to the possibility of depressed dissolved
oxygen flows resulting from the discharge of bottom water. This
condition is giving engineers in the southeast serious concern
since the assimilation capacity of these cornditions is very much
lower than would be normally expected. Many of you are familiar
with the work of Mr. Milo A. Churchhill, Chief of the Stream Pollu-
tion Control Section, Tennessee Valley Authority and the extensive
studies which led to the remedial measures taken at the Roanoke
Hydroelectric development of Virginia Electric and Power Company
on the Roanoke River in North Carolina.

The current programs of stream flow measurements are
so extensive that at the present time we very rarely lack sufficient
flow data to make adequate estimates of stream flow at a given site.
Having done this then the question arises as to what figure of
stream flow will be used to test periods which may be critical
with respect to maintaining a proper oxygen balance in the receiving
stream. Various figures which have been used include:

A. The minimum daily average flow.
B. The minimum concsecutive five day average flow.

C. The minimum average calendar month.
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In recent years there has been a trend among regulatory
todies to accept a2 condition based on an occurrence ¢ years out
of 1C with a possible deviation of one year out of 1C. This
figure is arrived at statistically by the skewed probability
analysis. It should be pointed out parenthetically that Dr. Velz,

whom vou have heard thies afternoon, through his work for the
National Council for Stream Improvement, has had a great deal to
do with the acceptance of this 9 years out of 1C basis. In one
state where we have worked the language of the act creating the
resulatory tody ccntains the lanpuage "reasonable and capable
of attainment" and this in turn has been defined administratively
as an occurrence ¢ years out of 1C, Ceveral other states have
also accented this basis =nd hopefully it is reasonable to
suppose that it will become of rather general acceptance.

In the past many regulatory bodies have established the
minimum daily average flow which seems unduly severe and particu-
larly if the stream is subject to diurnal fluctuations due to
the operation of hydro plants above.

Along with the determinntion of the stream flow to be
used it is also necessary to have data regarding stream velocities
which in turn determine the time of transit as a prerequisite to
a computation of the sag point of the dissolved oxvgen profile.

In the Southeast there is a factor of growing importance
effecting the ouantity of stream flow availatle for assimilation,
namely the increasing use of water for irrigation. 1In this area
it has been proved economically feasiable on high value crops
such as cotton and tobacco, particularly in view of current
acreage restrictions. Because irrigation is largely a consumptive
use 1t is obvious it can reduce low flows materially and thus
upset the balance of waste assimilation factors in the stream
so a forecast of poscsible use for irrigation should be included
in stream flow estimates.

AMOUNT OF TROATMENT REQUIKRED

Having determined the stream flow data to te used and
the estimated pollution load, comrutations can be made of the
quality of the water which will result below the site and thus
determine the degrce of treatment reciired. As was vointed
out earlier, the size of the site ana its torography is a
most impmortant element. In most cases since the most otvious
and economical solution to 2chieve the degree of treatment
recuired is by holding tanks and/or lagoons, it is essential
that large are=c of relatively level land Fe available. In
termes of capital investment required to build and ecuip a new
nlant, the cost of land, if accuired at the time the site is
under consideration, is usually relatively small. In a rather
extensive study which was made some years ago by our office on
a pulp mill location, at the outset a basic requirement of 4LCO
acres for a plant site and 4,CC0C acres for lagoon areas was
established which was estimated as ample for current and future
needs
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The lagoon area does not need to be high grade land;
clearing may not be necessary, in fact trees may be an ascet.
Freouently low cost land in the flood plain can be used, but
if such land is used the design of the dikes must provide for
covering vegetation to orovide adecuate root structure on
the dikes =0 they can withetard an occasional overflowing
without feilure. Obviously, in such cases a calculated risk
ie taken that the dikes may te overtonped by a flood during
the first years before vegetation is establiched. Other
concsiderations in the design of lagoons will not be gone into
since design is beyond the scope of this discussion.

It is very advantageous to own land on both sides of
the river. In the first place this prevents claims resulting
from adverse ownership and second it permite a diffuser pipe
to be laid across the width of the stream to the other shore
which is most helpful to provide ecual dilution across the
stream and keep stratification at a minimum.

For textile mills, where dyeing and finishing are done,
a holding tank and/or a lagoon will be heloful in the following
ways:

(a) Reduce the shock effect of batch discharges by
reducing the effect of heavy concentrations of
injurious constituents. Where different colors
are used, the tank will blend these colors to a
more neutral and thus less unsightly shade.

(b) In many woolen mills, the dyes tend to be acid,
the finishing processes alk=line, and the mixutre
may be somewhere near neutral with a resultant
derosition of slucge. For man tvpes of textile
wastes, storage in shallow lagoons will result in
considerable B.O.D. and color removal. The addition
of settled sanitary sewage frequently helps this
process besides providing an economical solution
to this problem.

(c) If lagoons can be built in gravel or s=nd deposits
as occur in some river valleys, percolation into
the soil will provide natural filtration and a
conceauent lessening of the amount of waste dis-
charged into the stream. This obviously requires
regular cleaning of the hottom.

In discussing the use of lagoons in connection with
pulp mills, and pulp and paper mills, it is important that the
drain piping be laid out so that the wastes may be separated
according to their pollution content. For a new mill, this
can be incorrorated in the original design. If this has to
te done in an existing mill or later in a new mill, it involves
a difficult, expensive job anc the changes involved to
segregate and collect this waste may cost as much as the
treatment plant itself.
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In 2 bleached sulph=te mill wastes may be clascified as:-
(a) W-etes containing suspended matter primarily fiters.

(b) Potentially toxic wastes but not necescsarily
oxygen d epleting,

(c) Vastes which cause oxygen devnletion in the receiv-
ing stream.

To remove the fiberes and toxic materials, ("a"™ and "b"
above), lagoons affording, say one day detention, will catch
the fibers, keep them out of the river, and also this period
of detention will render mercaptans harmless, the principal
toxic constituent. This type of lagoon, which may be termed
a "fiber trap", should be built in duplicate to facilitate
cleaning. In some casec, fiber removal can be better effected
in a mechanical clarifier in the form of a shallow circular
concrete tank.

Provision chould also be made so that "spills" can be
isolated and diverted into small lagoons to prevent the
emergency dumping of black liguor of such strength as to
cause serious oxygen depletion in the stream. This type of
lagoon is particularly useful in the start-up period of a plant
when micstakes in oper~tion are more liable to occur. With
the results of "spills" imoounded, steps can be taken to
dispose of these potentially very harmful wastes in an orderly
fashicon with a minimum of shock on the receiving stream.

To take care of the oxygen consuming wastes, largely
"brown" wastes from the sulrh-te mill, shallow oxidation
lagoons which afford capacity for a number of days storage are
both heloful and relatively inexpensive., Available data indi-
cates that 3C days storage in lagoons five feet deep will
recsult in B.0O.D. reduction of 5C% or over under the climatic
conditions prevailing in the Southeast.

Still another tvpe of most effective lagoon is what
might be termed impoundment lagoons, which are, in effect,
tasine of sufficient size to impound wastes in times of
stream flow too low to take the normal loading for release
when stream flows are high enough to maintain the discolved
oxygen above allowable limits. Such lagoons are in effect
storage reservoirs and, in some cases, approach water supvoly
and water power recervoire in size, so that, if this type of
what ie frecuently termed massive impoundment is used, the
amount of land required is very rreat. As Dr. Velz has
stated this type of impoundment can make vossible the complete
assimilation r:sources of the stream on an annual basis.

With the number of sites reduced by the elimination
of those with some marked defect, bzfore a finzl decision
regarding a site ics made, it is most helpful to have informal
dicscussions with the appropriate stream sanitation officials.
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These men in addition to intimate knowledge of local conditions
will frequently make what amounts to an informal ruling on the
basis of their own s tate laws and administrative procedures

regarding_ the adequacy of the scheme of treatment Erooosgd for
a particular site. In many cases conferences may be desirable

also with officials of state recreation, fish and game boards.
To the writer it is imvortant to bear in mind that in addition
to a knowledge of the law, it is most helpful to know in what
frame of mind the law is administered.

With tentative solutions of the waste disposal probtlem
arrived at, this phase of the site selection nroblem can then
be evaluated along with other significant frctors. Usually
the final determination is the function of top management
acting on recommendations of the engineer. While estimates
of the cost of development of various sites can be made with
the dollar a common denomination, there may be intangible
factors of which community facilities are significant which
will implement a final decision.

In conclusion, in the selection of a site for a
larpe wet process industry, the problem of mill effluent
disposal has become one of the significant factors requiring
evaluation. Consideration of this problem involves determina-
tion of the initial and ultimate pollution loads which will
have to be disposed of and the assimilation capacity of
the receiving stream, which in turn effects the degree of
treatment required. Since one of the mcst feasible methods
of reducing the pollution load on the receiving stream involves
the use of lagoons and since lagoons require extensive areas
of land, it is important that at the site celected the initial
purchase of land at the site selected should be large enough to
nrermit sufficient lagoon capacity for the ultimate capacity
of the nlant.
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WATER POLLUTION

by

George A. Selke,
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State of Minnesota.

Guest Speaker

IMPORTANCE OF WATER

A civilization cannot survive without water. Wise use of our

water supplies is necessary to insure our standard of living;

to perpetuate our way of life, Water pollution, therefore,

is a serious threat to our society -- a problem which presents
a challenge which must be met. The problem has been maginfied

by growth.

1. During the past 50 years, the United States has more than
doubled its population, concentrated two-thirds of it in
urban communities, increased the number of automotive
vehicles from 1,000 to 70 million, multiplied total in-
dustrial production by 9CC per cent.

2. Tremendous expansion of chemical industries. We have over
5CC,000 distinct chemical compounds in use in industrial
production today, while 20 years ago there were only a
few hundred.

QUR DEMAND FOR WATER

The United States daily uses an estimated 300 billion gallons
of water, Industry and power generation require about 46 per
cent of this total. Agricultural irrigation accounts for the
largest share of the remaining 54 per cent. Households use
is slightly less than 5 per cent.

INCREASZD LEISURE TIME --- and the population explosion have
placed unprescented pressures on our waterwavs from the
recreational standpoint.

A. Polluted Waters are esthetically objectionable:
unfit for fish and wildlife; unpleasant for
swimming, boating, other recreational outlets.

LIFEBLOOD OF PRODUCTION --- 6CO,0CC gallones of water are
required to make one ton of synthetic rubber; 65,C0CC gallons
for a ton of steel; 51C,0CC gallons to make 1,CCO yards of
woolen cloth; one million gallons to produce 1,0C0 barrels
of aviation gasoline.
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POPULATION EQUATIONS

1. Municipal "rstes -- In 1920, municipal wastes had a
"population equivalent™ of LU million persons. Today, even
though 1C5 million persons are served by 6,500 sewape treatment
plants costing & billion, the population equivalent of dis-
charged municipal wastes has risen to 75 million percons.

We have lost ground in reducing total municipal pollution
discharges inte our waterse.

2. Industrisl wastes -- In 192(C, industrial pollution
from organic wastes had a "population ecuivalent" of 17 million
people. Today, the polluting effects of these wastes are
estimated to be double those of municiral wastes -- or a
population equivalent of 15C million persons.

3. The Future -- By 1G8(, it is predicted 9C per cent
of the vopul=tion growth will be urb=~n in character, bringing
with it the problem of disposing of huge volumes of complex
minicipal and industrial wastes into limited watercourses of
relatively fixed assimilating capacity.

Sewage outlete and water intakes are being wedged closer together
and reuse of water must be incre=ssed.

Examole of problem: Chicago pours into the Illinois waterway,
each day, effluent which has the pooul=tion equivalent of more
than 1 million persons and contains 1,8C0 tons of contaminants.

AREAS OF CONCERN -- SOME ILLUSTHATIONS

In most instances, we have sufficient information to cope
with the vproblem of pollution, but we are moving very slowly...

1. RKaw sewage, garbage and industrial wastes from stockyards
and glaughterhouses continues to pollute our rivers.

2. The Androscogsin river of New Hampshire and Maine has been
described ss the most nolluted water of its size i1 america.

3. For the past 1L years, it has been common knowledge that
the Animas, a tributary of the Colorado river, was ccnta-
nated by radioactive w-stes from uranium milling operations.

L. Some gerieral causes of water polluticn:

Failure to trest all sources of sewage or waste...

Intentional and accidental bypaseing of untreated pollutants...
Overflows of raw sewage and storm water mixtures...

Unexpected sharp overload of otherwise adequate facilities...
Failure of authorities to require waste collection and
treatment.....

Incompetent or poorly supervised plant personnel... Inter-
ruption of stream flow on which the treatment process depends
for dilution water.....
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AREA OF RESPONEIBILITY

For the most part, official responsibility for environmental health
activities properly rests with the level of government closest to
the people capable of performing the function.

1. The role of industry in the control of environment
health hazards is incre-csing.

2. Over the next decade csocial and economic forces
will increacse the potential of environmental health
hazards.

3. It is becoming increasingly apparent that the essential
elements of our surroundings -- the Water we drink, the
air we breathe, the food we eat, the shelter which
protects us, man's pursuit of a fuller life via his
occupation, recreation, transportation, social
organizatiocns -- have a definite and complex inter-
relationship.

COMFCONENTE OF ENVIRONMENT

Three major areas of health concern are recognized:

1. The bioclogical component -- including living thinge of the
plant and animal kingdom, ranging from the food upon which
life depends to those micro-organisms responsible for dicsease.
(The health related problems of water pollution now include a
new array of water pollutants.)

2. The physical component -- encompassing the non-living things
and physical forces affecting man, such as water, air, food,
chemicals, heat, light and radiation.

3. The social component -- which includes cultural values
customs, attitudes, economic status and social and political
organizations.

NON-BIOLOGICAL HEALTH HAZARDS

These include social factors, nuclear energy, air and water
pollution, which compound the problem: of environmental health.

1. Our increased use of materials and products is attended by
increasing quantities of potentially toxic substances.

2. It is the total and cumulative exposure of the individual to
ionizing radiations that is imrortant no matter how the separate
components reach him.

3. Increasing urbanization, the growth and coalescense of large
metropolitan complexes and new patterns of living multiply
the sources of environmental hazards.
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L. Difficulties of controlling water pollution are
intensified by the multiplicity of political subdivisions, with
varying financial structures and philosophies of vrublic responsi-
bilities. Intensive public education on the vital role water
plays in our society is necessary.

COMPLICATIONE IN CONTROL

1l. Industrial Chemicals

A. The problems of insuring pure water in adegquate amount
is complicated by an assortment of organic chemicals,
many of industrial origin that find their way into
our waterways. These chemicals adversely affect
plant and animal life and diminish recreational resources.

B. Industrial wastes must be identified and great effort
exerted in order to cope with them. Example: Soap,
formerly not a problem, is being replaced by synthetic
detergents which now are contaminating our water
supplies. The impact of this problem is particularly
acute in metropolitan areas.

2. Nuclear Reactors

A. There are now 5CC nuclear reactors in the United
States, most of them concerned with the production of
power.

B. Presently, there is no method of dispos2l of high
level wastes which contain high amounts of curies

(measure of radiation) per gallon of liquor -- and
which have a life ranging from 25 to 4,0(C or 5,CCO
years.

C. There is no tradition in disposal. The current solution
is a simple one: Hold it!

D. By 198(C, we will have an additional 65 to 7C millions
gallons of high-level waste. Intense studies are
underwav to determine "What to do with it." Low-level
wastes are now being discharged to the environment.

3. Ionizing Radiation

A. Little public concern is shown over the oroblem of
ionizing radiation. The amount of radiation being
distrituted in the United States is greater than at
any time in the history of the world.

B. There are some 13C,CCC Hoentgen-ray machines in use
in the United States today. Until very recently,
thece had not been scrutinized with respmect to the
health impact on the operator, the patient, or the
industrial user.

C. Within the past 12 vears, elements have béen nroduced



that never existed before. Radioisotopes have moved rapidly
into medical and biological recsearch and into industrial use.

INTERN ATIONAL BOUNDARY WATERS

1,

Of great international concern is the problem of the
pollution of our common boundary waters. These waters
include the St. Clair River, Lake St. Clair, Detroit
River, St. Mary's River from Lake Superior to Lake
Huron, and Niagara River from Lake Erie to L=ke
Ontario.

Large populations and great industries have developed
along their shores. It is important to evaluate the
nature and extent of pollution; the remedial measures
necessary.

The cumulative effect of uncontrolled waste disposal
into these boundary waters could seriously reduce

their capacity to perform many beneficial and necessary
functions vital to the health, recreation and economy
of people on both sides of the border.

RESEARCH IS NEEDED

1.

2.

We require more information about the pollutants to
which the consuming population is exposed.

We need more precise data on the health status and
incidence of illness and disability in the populatiocn,.

RESPONSIBILITY IN INDUSTRY

1,

A,

Manv industries are showing a sense of moral and
economic obligation - a "pollution consciousness.

Great Northern 0Oil, in the Twin City industrial complex
invested $1 million on waste treatment control;
National Container Corp., of Owens-Illinois Glass Com-
pany spent $500,0CO on waste treatment ponds; Champion
Paper and Fibre Commany of Canton, North Carolina, is
spending several million dollars to stop waste flowage
into the Pigeon River; Caterpillar Tractor Company of
Peoria, Illinois, is sponsoring a national advertising
campaign stressing the importance of water to industry;
American Cyanamid constructed a $4.5 million waste
treatment plant at Bound Brook, New Jersey.

POLLUTION AND THE FUTURE

l.

A.

The growth and economy of a nation is highly devendent
upon its water resources.

Our future prosperity hinges on our ability to reuse
water from all sources. Water is the life-blood of
production.

139,
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The old adage, "You never miss the water until the well runs
dry" is still true.

We need to inform the public, industry, government officials
and the children in our schools of our marvelous water
resources - and the need to conserve our waters.
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by
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The development of British practice in the control and
treatment of trade wastes over the past hundred years has been
governed’ in no small measure by Government legislation. Before
considering this legicslaticn, however, it might be well to look
briefly at the physical background to the problem.

Great Britain is for the most part a densel populated
country, very much industrialized, with no large bodies of water
except the sea. The rivers and lakes are very small by Canadian
standards. The dencast industrial concentration tends to grow
up on or near the coal fields, producing diversified industries
in association with large populations; more scattered development
tends to produce the specialized factory with the relatively
small associated population. Both of these conditions present
their own particular problem in trade waste disposal in the
absence of adequate diluting streams.

I am given to understand that, under the common law of
Great Lritain, anvone may discharge their waste water into the
natural drainage course of the area subject only to such action
as a riparian owner might take to recover damages. This was
the general practice up until the middle of the nineteenth
century and its effect on the natural water courses of the
country can well be imagined. W.T. Sedgwick in "Principles of
Sanitary science and Public Health" quoting Dr. Budd, states:-

"For the first time in the history of man, the sewage
of nearly three millions of people has been brought to seethe
and ferment under a burning sun in one vast open cloaca lying
in their midst."

"The result we all know. Stench so foul we may well
believe had never before ascended to pollute this lower air.
Never before at least has a stink risen to the height of an
historic event. For months together, the topic almost monopolized
the public prints. "India is in revolt and the Thames stinks",
were the two great facts coupled together by a distinguiched
foreign writer to mark the climax of a national humiliation."
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This 'Historic stink' reculted in action by the Government
who set up the British Royal Commission of Sewage Disposal in 1857,
This body issued its first report in 1865 which w~e followed by the
Public Health Act of 1875.

The Public Health Act placed on local authorities the duty
"to provide such public sewers as may be necessary for effectually
draining their district' and 'to make such provision by means of
sewage disposal works or otherwise as may be necessary for effect-
ually dealing with the contents of their sewers'. It also prohibited
them from discharging foul water until it had 'been so treated as
not to affect prejudicially the purity and quality of any stream,
water course, canal, pond or lake'.

The Public Health Act was followed in 1876 by the Rivers
Pollution Prevention Act. The administration of this latter Act
fell to a large number of different authorities such as Catchment
Boards, Drainapge Boards, Fishery Boards and the like. Their powers
were not very great or well defined and they were all to be found
operating in the drainage area of the same river. Although this
was not a very satisfactory piece of legislation, it did result in
many industries taking some action to treat their wastes or to
divert or to seek to divert them into the sewers of local authorities,
where these existed.

The duties of these various Boards were subsequently taken
over by Rivers Boards under the Rivers (Prevention of Pollution)
Act cf 1951, This has had the effect of placing the whole of any
river and its tributaries under the control of a single authority
for all purposes, including the conservation of water resources
and the prevention of pollution.

However, under the Public Health Act of 1£75, local authorities
were allowed to refuse to accept any trade waste which might inter-
fere with their method of disposal or for which they had insufficient
capacity either in their sewers or their disposal works. This
unfortunate state of affairs was perpetuated in various revisions
of the Public Health Act even as late as 1€36,

As will be appreciated, the practical results of this
situation which persisted for some sixty years, varied very much
in different varts of the Country. They depended in general on
whether local authorities were anxious to attract industry, whether
they had the money to spend on sewers and sewage disposal, whether
they were sensitive about the pollution of their rivers, and
whether the particular authority responsible locally for implementing
the Rivers Pollution Prevention Act had the will to enforce it.

A 'co-operative' authority would accept and tre=t the trade
wastes either free or by agreement with the industries concerned
to pay for the service. Sometimes, as a result of so doing, they
found it difficult to maintain the standard of their effluent.

An 'unco-operative' authority would refuse to accept trade
wastes, in which case the industries were left to treat them by
themselves. This was often difficult and expencsive whereas it
might have been easy to treat these wastes in association with
domestic sewage. The amount of treatment that trade wastes received
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from the factory owners prior to discharge would obviously depend
on their sense of civic duty and/or the willingness of the various
river authorities to take them to court.

In practice, things were not as bad as one might suppose.
A grest deal of research was carried out by sewage treatment
plant staffs under local authorities and by others, into the
treatment of trade wastes with domestic sewage. There are numerous
cases of successful co-overation between local authorities and
industries and a good example of the enterprising approach to
this problem in some quarters is the acceptance of wool scouring
wastes into the sewers by the textile towns in the West Riding
of Yorkshire. The grease contained in thece wastes was extracted
and sold for the manufacture c: lanolin and for other purpoces.

A great many voluntary agreements were made between local
authorities and industries, sometimes providing for payment either
of a capital contribution towards new works or of an annual
charge. But the position was, however, unsatisfactory. Local
authorities often found themselves saddled with bad agreements
and new industries had no certzinty that their wastes, other
than domestic, would be taken into the public sewers even if
they were prepared to pay for the service.

The authorities concerned with this problem gave much
thought to the possibility of evolving some system which would be
both workable and provide definite reasonable rights to both parties.
The result was the Public Health (Drainage of Trade Premises) Act
of 1937. The intended effect of this Act is:

1) To give industries the right of access to public sewers
subject to certain conditions,

2) to give local authorities safeguards in the acceptance
of trade wastes into their sewers, and

3) to put upon the Minister the responsibility for ensuring
equitable arrangements between these two parties in
the event of dispute.

When this Act was passed, the Minister in question was the
Minister of Health. However, in the re-organization following the
establishment of the National Health Service, all duties under
this Act were transferred to the Minister of Housing and local
Government.

Under this Act, extensive powers were conveyed on the
local authority. They are enabled to pass by-laws governing the
discharge of trade wastes into the local sewerage system and
they are enabled to enter into agreements with industries for the
treatment of trade wastes. However, ultimate authority is still
vested in the Minister of Housing and Local Government whose
responsibility it is to ensure that equitable arrangements are
made between the parties concerned.

The Public Health Act of 1637 also provides that no trade
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waste may te discharged from a2ny trade rremises into a nublic sever
until a "lrade Effluent Notice™ has been served on the local authority
by the owner or occupier of the premices

This notice, which is in effect an apnlication to dis-
charge trade wastes into the sewerage system, must rive details
of the nature and comp051t1cn of the trade waste, the maximum
quantity which it is proposed to discharge in any one day, and
the highest rate at which it is provosed to discharge it. On
receipt of such a notice, the local authority mav specify a
date before which the effluent may not be discharged and may
then either give ite consent to the discharge unconditionally,
which it would presumably do if it had already made by-laws
and the proposed discharge complied with them, or it may give
its consent subject to such other conditions as it thinks proper
to impose. These conditions would be with respect to the following:-

a) The point in the cewerage system at which the discharge
may be made.

b) The nature or composition of the trade waste; that is
to say the locnl authority may recuire the trade
waste to be pretreated.

¢) The maximum cuantity which may be discharged in any
one day.

d) The hirfhest rate at which it may be discharged.

e) Any other matter with respect to which by-laws
may be made under the Act.

The industry is protected in some measure in that, in
any case, no condition may be made which is inconesietent with any
by-laws which are already in force. The result of this is, of
course, that most local authorities have refrained from making
by-laws and to date they have not been pressed to do so by the
Ministry concerned.

In practice, therefore, local authorities lay down new
conditions to meet each individual case. The industryv concerned
has further protection in that, if it is aggrieved by any
conditions made by the local authority, it may appeal to the
Minister who may annul or modify it to what is considered reasonable
or, of course, dismiss the appeal.

From the abtove rather brief description of this Act, it
would apvear that local authorities have things very much their
own way provided that they are reasonable in their demands.
However, there is a further provision which has caused a certain
amount of dissatisfaction among the official who have to operate
the Act, and has had considerable bearine on the design of treat-
ment plants for btoth domestic sewage and for trade wastes

The provisions to which I refer arise from a natural
dislike of retrosvective legislation which mav devrive someone of
an old establishec privilege. The Act provides that the present of
a local authority to the disch=rge ot any trade waste is not
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necessary if a waste of the same nature or composition was
lawfully discharged from the premises concerned into the sewer

at some time within the period of one year prior to March 3rd,
1937. Thus, an industry may have a prescriptive right to continue
to discharge a difficult trade w2ste into the public sewers, and
s0 long as no increase in the quantity or change in the composition
is made, the industry cannot be made to pay more than w»s in fact
being paid prior to the passing of the Act. The Act came into
force in July, 1937 and, therefore, had not been in oneration very
long before the outtreak of war. Conditions during the next vears
were rather excepticnal so it is only since the war that an
oprortunity has existed to assess its value.

From the point of view of the local authorities, the per-
petuation of the rights of industries to discharge wastes into the
sewers, without consent or condition, has created anomalies. For
example, those authorities who in the past have complied with
official recommendations and accepted trade wastes into their
sewers in an attempt to protect the rivers from pollution, now have
inadequate control over such discharges. On the other hand,
authorities who refused to accept trade wastes prior to the passing
of the 1937 Act, now possess the advantage of full control of all
such discharges into their sewers.

In many cases when discharges of trade wastes received the
consent of the local authority forty or fifty years ago, it was not
possible to foresee the changes which have taken place in sewage
purification technique, nor the high standards of river purity
which are now being reocuired. Many existing discharges have an
inhiviting effect on bacterial processes, thus preventing the local
authecrity from following the most advantageous and economical
practice in treatment. Also, where additional works are necessary
to produce a satisfectory effluent, precent da2y costs are out of
all proportion to those ruling at the time when the discharge was
originally accepted.

From the point of view of industries, discharges allowed
under statutory rights may be outting such 2 strain on the ceware
purification plant that the local authority is compelled to imnose
more stringent conditions on the discharges from other factcries
not rvossessing such rights, In such instances, if reasonable
control cculd be cbtained over all discharpes, the local
authority would be in a position to offer other factories in the
district more f~vourable conditions in regrrd to nratreatment.

Twe examoles of how the regulations under this Act hove
affected the design of sewage tre<tment plants may te cf interest.
In each case the metliod of treatment wae ruuch the same but wase
adopted for very different re=scone.

The firet case involves seware treatment for & town of
some 20,CCC population with engineering wnstes of a volume ecual to
the domestic flow. The wacstes und:r consideration tend to be
weak, but do include oils and metal salts which are inhibitive
to the action of the activated sludge process =and nercclating
filters.



In this particular instance there had been no discharges
of trade wastes of any significance prior to the passing of the
Drainage of Trade Premises Act in 1€37. No industries, therefore,
had prescriptive rights, and the local authority was able to
make restrictions and prohibitions for the engineering wastes to
be discharged from two large automobile manufacturing plants. These
prohibitions and restrictions are set out in Appendix I to this
paper and may be of interest. )

To comply with these recuirements the factories concerned
agreed to inctall pretreatment vlants, and these took the form of
0il recovery units, which incidentally are paying for themselves,
and chlorination units for the elimination of cvanides. So long
as the standards set up by the local authority were maintained,
no adverse effects on the sewage treatment plant would be
expected. However, it was appreciated that even with facilities
for inspection of the factory pretreatment plants, and the best
of intentions on the part of the industrialists, accidents might
occur which could »nut the sewage treatment plant out of action.
Although in such event the local authority would have cause of
action against the industries, this would te poor recompense
for the damage and inconvenience which might be caused. It was,
therefore, decided that the sewage treatment vlant must be so
designed as tc minimize the effects of any such accidental
discharges.

The sewage treatment plant under design was to discharge
to a very small stream, the average dilution bteing about two to
one. In summzr this dilution reduces to almost nil. The local
Rivers Board, therefore, insisted on an effluent having no more
than ten parts per million of B.0O.,D. and fifteen parts per
million of suspended solids at all times. It will be appreciated
that thie is a high standard to maintain continuously, and the
possibility of an upset by acc’dent 1 shock loads was a very
serious matter.

A sewage treatment plant based on the activated sludge
process 1c perhaps more vulnerable to such conditions than a
percolating filter plant. However, it was decided that which-
ever of these two was adopted, some form of protection was
necessary and that this could best be provided by a first stage
of high rate recirculation in percolating filters.

As there was plenty of natural head available, and in
other resvects the site was suitable for percolating filters,
these were adopted for the final treatment also. This decision
wae influenced in addition by the local authoritiecs desire to
have a plant which could be operated by one eight-hour shift
per day and remain unattended 3t night. Byv thie means, labour
costs could be minimized.

In order to comply with the recuirements of the local
Rivers Board, it was desirable that as much of the storm water
reaching the plant as possible, should also have full treatment.
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Since the site was suitable, the storm tanks were provided in series
with the full treatment works instead of in parallel as is more
usually the case,

This arrangement is show in Figure 1, and it will be seen
that the contents of the storm tanks passes forward for i1ull treat-
ment automatically as the s torm flow falls off. This ensures that
the tanks are empty to receive the next storm when it occurs. The
size of these tanks is such as to contain the flow arising from a
normal rainstorm in the drainage area so that only under exceptional
circumstances do they overflow to the receiving stream.

In designing the first stage high rate filters with their
sedimentation tanks, the guiding principle was not only to effect
the maximum removal of B.0O.D., before the peak flow passed to the
second stage treatment, but also to provide as much dilution as
possible for any shock load of a toxic nature. The recirculating
pumps were, therefore, arranged to maintain a uniform flow equal to
three times the dry weather flow through this stage. That is to say,
when one dry weather flow is being received at the works, the rate
of recirculation is two dry weather flow. The rate of recirculation
reduces automatically as the flow into the works increases. This
control is achieved by means of the measuring flume between the
storm tanks and the primary sedimentation tanks.

The recirculation is taken from the bottom of the
intermediate sedimentation tanks and so includes all the humus
produced in this stage which then resettles in the primary
sedimentation tanks. All the sludge produced is, therefore,
concentrated in these primary tanks for discharge to the digestion
tanks.

In two stage plants of this type it is thought by many people
that intermediate settling is unnecessary, and that humus can very
well be accepted directly in the second stage of treatment, whether
this be activated sludge or percolating filters. In this case,
however, it was felt that the presence of these intermediate
tanks with a reasonable detention period was a further safeguard
against shock loads.

The design data for the whole plant was as follows:-

Dry Weather FlOow —-c-mmmmmmm oo 2 M.G.D.

Maximum Flow for Full Treatment -------c---- 6 M.G.D.

Storm Tank Capacity ------emeccmmmm e 500,000 gallons
Primary Sedimentation ----ceceemmmmmccccceeeo 2 hours' detention

at maximum flow.
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Intermediate “edimentation ——---cemmemommoooo 14 hours' detention at
maximum flow.

Final Sedimentation —-—--cccmcmmmmmm e 2 hours' detention at
maximum flow.

Primary Filters Dosing Rate ——se—coemcmc—ee——- 2,400 gals/ cu. yd
diluted flow = 800 gals/cu.yd.
raw sewage at D.W.F,

Seccndary Filters Dosing Rate ----ceccceoeeeea- 2CC gals./cu.yd on D.W.F.
60C pals/cu.yd on max.
flow.

RECLITOULALION ——= e e s o i st s i i mim C to 5 M.G.D., in

1 M.G,D. Steps.

From these figures it will be seen that the overall dosing rate
in the filters is 160 gallons of crude sewage per cubic yard.
This compares quite well with the loading of an orthodox percolating
plant.

In the seccnd czse, a first stage of high rate filtration
was adopted but for ouite a different reason.,

In this case also, the population served was about 2C,000
and the trade wastes were equal or rather more in quantity than
the domestic flow. They were, however, very strong, having a
B.0.D. of bhetween 8CC and 9CC P.P.M. They were derived from
tanneries which had a prescriptive right under the Act to
discharge their wastes untreated to the sewers. These wastes
were generally very alkaline, and the pH of the resulting
mixture with domestic sewage was eleven or more.

Because of the very high pH, settlement in primary tanks
was very poor. Very little reduction in B.0.D. by these means
was possible and subsequent oxidation was difficult. Experiments
were made with a view to neutrslizing these trade wastes at
their source. These experiments showed that this would be
a2 very expensive precedure.

A pilot plant was installed at the sewage treatment
plant and the results obtained showed that a high rate filter
with recirculation of the effluent would reduce the pH to
approximately seven. At this value, a re=conable settlement
could be effected and a reduction of B.0O.D. to about 25C P.P.M.
was possible.

A first stage of percolating filtration was, therefore,
adopted with a dosing rate of 1,0CC gallons of sewage per
cubic yard. HRecirculation was as in the previous example
but a rate of four times D.W.F. was maintained in the primary
settling tanks. In this case, intermediate settlement was
not provided partly because no shock loads were involved and
partly on account of site conditions and an over-riding need
for economy in the design of this particular plant.
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A flow diagram for thie installation is shown in Figure II.

The whole of the filter effluent is returned to the inlet
to the prirary settlement tanks and the effluent from these tanks,
which is at a steadyrate of four times the dryvy weather flow, is
srlit automatically. The splitting device allows a flow eoual to the
incoming flow of sewa2age to pass forward to the second £ tage filters.
The remainder is cent back to the first stage filters and so back
to the primary settling tanks.

The second stage of treatment could erually well have been
by activated sludge or percolating filters. Percolating filters
were chosen for a number of reascns. As in the first example,
it was desired to have no night attendants, the site was suitable
and there were in existence some filters which could be incorvorated
in the design to pnrovide some of the recuired capacity. This
stage of filtration is on orthodcx lines. Rectangular beds, with
travelling distributors, were adcpted to suit the site. The dosing
rate is 125 gallons ver cubic vard per dmv on dry weather flow.

In this plant, the storm water tanks are in parallel with
the full treatment plant. They zre in fact existing hand cleaned
primary sedimentation tanke adapted for the purpose. This was
dictate by considerations of economy and the fact that there
was no special reason to cater for toxic conditions in the storm
water, as in the first example.

These two examples do, I believe, cerve to show how
the problems of local authorities, in dealing with trade wastes
in their sewage treatment plante, are affected by current legislation.

No doubt improvements to this legislation will be made in
years to come, but the progress achieved by British authorities
during the past eighty years does indicate that a cerious effort
has been made to control industrial wastes and reduce river
polluticn.
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APPENDIX I.

BOROUGH OF —-cec—eecee—ae-

TRADE WASTE AGREEMENT WITH MESSRE. —-cceocmee—am—o—- VMOTORE LTD.

PROPOSED HEADSE OF AGREEMENT

1. Point of Discharge
The Trade Wastes to enter the Cornoration's sewerage system
at Manhole A.Q.
2. Quantity.
The quantity of Tr-de Waste to be discharged to the sewers
shall not exceed 22C,00C gallons in any one day.
3. Rate of Flow
The rate of discharge shall not exceed 3C,CCC gallons
per hour.
L. Measuring
The Company shall install a recording meter to measure
the flow of Trade Wastes separately from domestic csewage.
5. Balancing
If required to do so, the Company shall rrovide means
for regulating the flow so that it may be spread
eoually over twentv-four hours or be provortioned to
the sewage flow to the treatment works.
©. Internal Drainage
The factory drainage system shall be so arrange that
the contents of any plating or pickling bath cannot
be discharged accidently or otherwise without adequate
dilution of neutralization,
7. Characterictics of the Trade Effluent

(1) Definitions.

Maximun concentration means the concentration of consti-

tuents 2ccertained by analysis of a mixture of four samples of
equal volume taken in any period of thirty minutes at intervals
of ten minutes.



Average concentration means the concentration ascertained
by analysis of a mixture of & samples of equal volume taken at
intervals of not less than one hour in any day of which two shall
have been taken between the hours of Midnight and 7 A.M., and
six between the hours of 7 A.M., and Midnight.

(2) Prohibitions,

The Company shall not discharge to the Sewer:-

(a) Materials which evolve toxic gases or substances
capable of producing noxious odours, which are
harmful to men working in the sewers;

(b) substances which may produce inflammable or
explosive gases in the sewers;

(c) residues of wool, hair, oakum, rags or coarse
bodies capable of causing obstruction or
encrustation of public sewers;

(d) Residues or sludges resulting from purification of
wastes;

(e) substances which bty reason of their nature and
¥
quantity adversely affect the biological conditions
in the Ousel Brook;

(f) (i) An effluent of which the pH value is less than
7.0 or more than 9.5 except between the hours of
7.C a.m., and 7.C p.m., when the permitted range
shall be 6.5 to G.5.

(ii). An effluent such that the oxygen absorted

from an N/8C solution of permanganate exceeds 1CC
parts per million in a shaken sample of the effluent
or 6C parts per million in a settled sample of

the effluent.

(3) Restrictions.

The Company shall not discharge to the sewer an
effluent containing more than the following amounts
of the stated substances:-

Concentration in parts
per million.

Constituent Maximum Average

Total solids in suspension of which
the loss on ignition must not be less

than one-half 4L 50.00 300.00
Coarse mineral solids settled in
3C seconds Nil.

Mineral or other oil or emulsions
thereof. %
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(3.) Restrictions (Continued).

% (A cettled sample after acidification and stancing for one hour
must not develop a separate layer of mineral or other oil of
measurable devth.)

Concentration in parts

Constituent ver million
Maximum Average
Tar Nil
Bitumen or derivatives therczof il
Alcohol 2+CC 1.CC
Amyl Acetate or derivatives 2.CC 1.0
Trichlorethylene 2.00 L.4C

The following constituents in solution:-

Cvanide (as Cn) (fres titrat-ble) 1.25 a5
Chromium (as Cr) (Hexavalent) 1.5C C.75
Copper (as Cu) (when tested at pH 7.8) 2.CC 1.CC
Zinc (se Zn) (when tested 1t oH 7.8) 24CC 1.0C
Nickel (as Ni) (when tested at »H 7.&) 2.0C 1.CC
Iron (as Fe) (when tested at pH 7.8) 15.CC 1C.CC
Alumlnum (as Al} when tested at pH 7.8) 15.(C LE G0
Sulphates (as 503) 2C0C .CO 175.CC
Silicates (as Sil») 150G, CC 100 .00
Phenols (as C6H50 ) c.,C0 6.C0

8. Processes
The Company shall not vary the nvrocesses nroducing a
trade effluent in any wav likely to affect the trade
effluent without first notifying the Cormoration.

8. Capital Contribution

The Company shall pay to the Corporation a capital
sum in resvect of the durlication of the .¢.ceeececaee
cewer between roints X and Y equal to the difference in
cost between a 12 inch diameter sewer and a 15 inch diamster
sewer.

1C  Annual Charges

The Comrany to pay to the Corroration for all trade waste
discharged, an amount to be calculated =according to the
following forrmula:-

£+ B (M =  Pence ver 1,(CC gallons

Vhere A = the cost in pence to the Corporation
of their severage system per 1,C0CC
gallone of sewape treated

Where B - the cost in pence to the Corporation

of treatment per 1,(CC gallone of
sewage tre=zted.
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10. Annual Charges. (Continued)

Where M McGowan figure for the trade waste.

Where DM

McGowan figure for the .........Sewage.

11. Termination

Subject to the provision for prior determination hereinbefore
contained, this Agreement shall remain in force until
determined by the mutual consent of the parties hereto,
provided that if either party wishes to amend the Agree-
ment in any particular, then that party shall te at
liberty to give to the other party three months' notice
in writing at any time of the desired amendment, and in
default of agreement between the parties as to the making
and operation of the said amendment the matter in dispute
shall be referred to the arbitration of the Minister of
Housing and Local Government.
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METROPOLITAN TORONTO'S APPROACH TO INDUSTRIAL WASTE

By

c.V. Yilliams,

Engineer with

Denartment of Works,

lNunicipality of Metropolitan Toronto

Pollution Control is a protlem which concerns the majority of
municipalities and industries today. Can the expense required in
providing proper facilities to meet the desired standards be
justified? The growing demand by the general public and govern-
ment agencies for waste control is being aided by Industry's
increasing awareness that it is also sound business practice.

With the need for pollution control facilities, has come research
into methods to improve treatment and reduce its cost. This

problem has been studied by many authorities across the continent
and has occupied Metropolitan Toronto since its inception. Several
codes to control the discharge ot industrial waste have been
recommended, rewritten and adopted by various centres in the past few
years. Proposed codes have been discussed at many technical confer-
ences such as this, with increased concern and appreciation of the
problem. Industrial waste then, and ite control, is a matter of
prime interest, not only to the body which must provide the
treatment facilities, but also to Industry which uses the municipal
sewerage works.

We wish to review the factors which should be considered in the
establishment of effective regulations for controlling the discharge
of industrial wastes into municipal drainage systems. The problems
that have been encountered in drawing up and enforcing existing
codes on this continent makes it apparent that a single regulation,
particularly for sanitary sewers, which will apoly to all localities
and situations, will be difficult to obtain because each individual
case differs, depending on the size of the Municipality, the

design of the sewer system, the number and type of industries and
the nature of the tre=atment plant. However, a uniform code for

the Province as a whole would be, in our opinion, very desirable.

We feel that generally the duty of a municipality is to accept
and treat all liquid wastes, originating within the tributary
area, which do not cause damage to the sewers or affect treatment
plant operation. This provides the following advantages:

1. Better control is achieved in one combined plant, rather
than in a number of separate smaller plants, some of which

might be privately owned. Large tre-tment plants such as our

Main and Humber warrant the emvlovment of more:cualified men.
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2. It is sometimes more economical to treat a combination of
industrial wastes and domestic sewage than to tre=t each one
independently, because of dilution, flow equalization, blending
and other factors. Also the unit costs for toth construction
and operation are reduced as the size increases.

3. It alco relieves Industry, as much as possible, from the
responsibility of treating wastes and allows it to concentrate
on its normal function.

If Industry is permitted to discharge its waterborne waste to the
public sewer system, then it must be preprared to co-orerate with
the public agency in solving any problems which may arise because
of that waste and must recognize the necessity for some measure of
control. Two approaches which may te considered are as follows:

1. The whole control is set out as inflexiable limits beyond
which a diecharge will not be permitted.

2. Only some substances are controlled by inflexible limits,
vith the remainder teing unlimited but the excess above
epecified amountes paid for at rates to cover the extra cost
of treatment.

The first method has been adopted by a number of municipalities
in both the United States and Canada. In these inctances, the
regulations are outlined in detail and are justified largely on
the basis that the treatment plant is overloaded or the sewer
system has inadequate capacity.

The second method is one which is gaining in pounlarity as it
permite the maximum use of the municipal sewage treament facilities,
and at the same time provides the control that is necesesary to
protect thecse works. '

For the purpose of this discussion, industrial wastes can be grouped
in four main categories:

l. Wastes, sufficiently clean and innocuous to go directly to
the natural water courses and the lake, such as rain water,
unpolluted drainage, industrial cooling water or industrial
waste water within limits.

2. Materials that must be excluded because they damage the
sewerage system, are harmful to humans or animals or cause
2 public nuicsance.

MATERIALE TO LE EXCLUDED FROM & TORM SEEWERE

(a) Liquid or vapour having a temper=ture higher than 15COF,

(b) Water which may contain more than 1C parts per million
of fat, oil, greacses, or other ether-soluble materials
or lubrication oils.

(c) Gasoline, benzene, nantha, fuel o0il or other inflamm-
able or explosive liquid, solid or g=s.
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(d) Garbage or floating ob jects of any kind.

(e) Ashes, cinders, sand, mud, straw, saaving, metal,
glass, rags, feathers, tar, plastics, woode,
cellulose, paunch manure of any other solid, viscous,
or colloidal substance capable of causing obstruction
to the flow in the sewers.

(f) Waters or wastes having a pH lower than 6.C or
higher than 9.5 and not remaining within these limits
on dilution or having any other proverty capatle of
causing damage or hazard to structuree, equipment or
persons.

(g) Waters or wastes discharged from industrial processes
containing suspended solids exceeding 15 ppm or which
are incavable of passing through a &" screen.

(h) Noxious or malodcrous gas or substance capable of
creating a public nuisance, including hydrogen sulphide,
and corben bisulrhide.

(i) Waters or wastes in which the B.0.D. exceeds 20 ppm.
(j) Coloured waters or wastes which recuire a dilution
in excess of 4 to 1 to dissipate the colour till it is

not determinaktle bv the colour test.

(k) Waters or wastes in which the Coliform Bacteria count
exceeds 2,4CC per 1CC ml.

(1) Waters or wastes containing toxic or poisocnous

substances in sufficient cuantity to injure or
constitute a hazard to humanes, animale, fich or fowl.

MATERIALS TO EE EXCLUDED FROM SANITARY SEWERC

(a) Liouid OE vapour having a temperature higher
than 15C“F.

(b) Ashes, cinders, sand, earth, mud, straw, metal,
glass, pigments, rags textiles, tar, wood products,
paper fibre and plastics, or other viscous or
colloidal substance capable of causing obstruction
to the flow in sewers or other interference with the
proper operations of the sewage treatment plants.

(c) Animal wastes such as hair, wool or fur, feathers,
intestines or stomach casing, paunch manure or
intestinal contente, hides or parts thereof, hooves,
toenails, horns, bones and fleshings.

(d) Waters or wastes which may contain more than 15C parts
per million, by weight of fat, oil or grease of
animal or vegetable origin, or 15 parts per million of
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0il or greace of mineral origin or tar.

(e) "'aters or wactese havine a vH low :.r than 6.C or
higher than ¢.5 or having anv other corrocsive
nroverty capable of causing damage or hazard
to structures, ecuipment and personnel of the
SewAre WOrks.

(f) Gasoline, benzene, naptha, fuel oil, acetone,
solvente or other infl-mmaktle or exnloeive liguid,
golid or g=s.

(g) Noxious or malodorous gas or substance capatle of
crzating a putlic nuisance.

(h) Waters or wastes ccntaining substances of such
character and quantity that unurunl exrencse or attention
is reouir:d to handle such materiales at any sewage works
under the ccntrol of the lluncipality.

3. Materials not excluded, hut restricted in amounts becauce of their
harmful effecte on the hiologic=l vnrocesses used in the treatment 2
plante or those materials which rass through the nlant without
change and are not desirabtle in the receiving waters.

MATERIALSE NOT EXCLUDED BUT TO EE RESTRICTED IN AMOUNTS
IN STORM AND EANITARY SEVERE

Maximum permissible limits in discharge to sewers

Storm Sanitary
Phenolic Equivalents 15 ppb 5C ppb
Cyvanides C.C ppm 5 ppm
Cadmium as Cd 1.0 ppm 5 ppm
Chromium as Cr 1.C ppm 5 ppm :
Copper as Cu 3.C pom 5 pom
Zinc as Zn 15 ppm 15 ppm
Iron as Fe 17 ppm 17 ppm '
Chlorides as Cl 1COC pom 15C0C ppm
Solvhates as £0, 15CC opm 15CC pom
Sulphides none 5 ppm

Fhenol and phenolic equivalents are restricted to 1% pwb in storm and |
5C ppb in sanitary sewers. It is assumed that nhenols in the sanitary .
flow will be removed at the tre-tment vlant and dilutsd o that the

effluent will contain 15 ppt. Further dilution by the receiving waters

should then reduce the concentration before it re=zchers a water intake

to a point below that which will seriously affect the water supply.

It was brourht out by N.J. Howard and R.E. Thomveon (1) that
concentrations of phenol as low 2s 3 and 4 ppb, when ccmbined
with chlorine in water can be tasted. In higher concentrations
chlorovhenols impart a dicapreeable taste sometimes referrad to
as "iodine" tacte.
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To ensure that Metropolitan Toronto's drinking water is free
of these tastes, hourly taste tests are taken and superchlori-

nation is applied to the filtered water whenever there is a
possibility of phenol being present. This practise was started
by Howard and Thompson (1) as early as 1927.

Phenolic ecuivalents refer to deriv-tives of phenols which form
chloraphenolic ccmplexes. These arise chiefly from petroleum
refineries, coal tar and plastic manufacturing industries.
Phenolic equivalents also result from the biological
decomposition of waste sulfite liquor and certain types of algae.

L. The fourth class of wastes are those for which the sewage
treatment plants are designed to treat. This classification
covers almost all industrial wastes and the municipal sewage
treatment plant is the right and proper destinatiocon for them.

We have found that prohibited materiales reach the sewers in
csome cases intentionally, and in others, inadvertently. The
amounts of the materials found vary from a relatively small,
single occurrence to a large continuous flow lasting several
days.

For example: recently a foreman emnloved in a factory, that
manufactures rubter cement for an artists supply firm, had

a batch of rubber dissolved in toluol. Because a wrong

colour was mixed, he dumped the batch down the sewer, thinking

he was making a final disposition of his mistake. By the time
this reached the treatment plant the solvent had dissipated,
leaving the sticky rutlerv mass to clog the screens and pumps.
Investig=tion by our Industrial Waste Control Branch pin pointed
the infraction to one company. The co pany management was shocked
to hear of this and took appropriate action, sc that it would not
happen again.

Waste lubricating oil is one of the materials dumped to the
sewers intentionally. We have had to undertake several clean

up jobs at sewage treatment plants from this cause. Since

the flow is intermittent the source is often difficult to

trace. Our experience with fuel o0il, on the other hand, has
been that even though the flows were heavy and continuous

they were accidental happenings. Usually, these were due to
lezks and when traced to the source, the offending parties were
grateful when we drew attention to their loss and arranged to
correct the situation immedistely. Mineral oils not only affect
the operation of the pumps, comminuters, etc. but also disturb
biological action by coating nicro-organisms. They often foul
stream.ﬁ

The damage to sewers by acid wastes is also a problem of
considerable proportions. The dzmage not only affects the
industry's private drain but also the sewer outside the
plant property. A cave-in or a blocked sewer is often

the first indication that the sewer has been damaged.
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In several instances the industry concerned has been charged
by the Municipality for the cost of revnairing the sewer.
Sewage treatment plants are sometimes affected by acid wastes
decspite the dilutien factor.

In our laboratories, we subjected test specimens of concrete
to the action of solutions covering a range of »H from two
to eleven. This test w=as carried out on concrete with a
mix by weight of 2 parts water, 3 parts cement, ¢ parts
sand. The cement was cured for 24 hours at 70OF and the
svecimens were weathered outside for 3C days. After

this period thev wer> washed to remove grime and dust

dried =t 1(3(C for £ hours and then weighed before PWGCinp
in the viriou:s soluticns. The pH in the soclutions were
oripinally made up with buffer solution and corrected at
least once a day.

As expected, in acid solutions there was a degradation of

the concrete blocks. Sclutions nearly neutral or alkaline
did not affect the sveciments noticeably. It should be noted
from the tatle that the loss of weisht in the s=mple of
concrete in 22 dave was over <% with pH 6. The lose was six
times thie amount with ~H 5 and fifteen times, with pH 4.

SFFECT ON CONCRETE OF BUFIsRkD SOLUTIONS OF ACIDE
AND BASES

DURATICN AFPROX. INTL.WT. QF FNL.WT. OF CHANGE IN %
QF TEET pH of £0L. CONCRETE CONCRETE WT. PER CHANGE
ELCCK BLOCK G,

22 days 3 38. QVpn 2L .31€gm ~13.881 ~36:35
i L &3 s 28.663" -14.641 -33.66
" n 5 42 L76 " 360(:;.*7" e 5 cr‘c ~1L|..2
LI 6 L3 CZL N L2.922% - C, CF( — 228
noon 7 5( .,75 " 5C . FC3" + ‘.N:E‘,’ + C.45

iz » g LZ.326 " h22C1" = L.C35 - .0C83
"om G L3.752 " Ll (75" + C.323 + C.74
now 1C 3¢.F19 ¢ 39.656" - C 163 - C.4C0Q

111 » 11 30,876 " LC . C70m + C,104 + C.U9

The disposal of waste pickle ligquor from acid pickling precents
a nroblem in Metrovrolitan Toronto ~s it does in many other
areas., Precent metvhode of disnosal include neutrslization with
alkali, dumping at cea or in land fills. The forrer method

is costly, as it reauirss sxcescsive amounts of neutrslizer and
gtill involves removal of the sludge. Much resecarch has been
carried out in thie field, narticularly in the United States,
Great Britain and Germany. ‘'/aste vnickle liquor has a pH of

1 to 2 and a ferrous snlnhate content varying up to 20%.

Concsiderable effort is being made with waste pickle licucr as with
numerous industrial wastes, to try to convert it into 2 useful
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product or by-product. The OUntario Research Foundation is at
present working on such a programme in conjunction with an
industry in the Metropolitan area.

Our own laboratory has carried out exrerimental work to determine
the feasitility of admitting wsete pictle liguor direct to the
treatment pl=ants at a controlled rate. However, owing to the
taxicity of iron (3) on biological rrocesses and the cost of
installing special feeding easui~ment, this procedure has not

yet been found to be fessible.

We in Metropolitan Toronto are very pleased =t the general
attitude of Industry in accepting its responsibility towards
treatment of wastes. Some have installed excellent equirment

on their property to deal with this problem. However, as has
been indic-ted it is our opinion that the great majority of
industrial wastes can and sho:.ld be treated in the municipally
owned cewage treatment plants which are designed to handle them.
The additional cost incurred in treating these excessive wastes
should be assessed fairly among the various industries involved.

Many have requested information on the cost which the Municipality
would charge them to treat their particular waste in order

that they may decide whether or not it would be more economical

to arrange for their own treatment. The basis for assessing
Industry's share for tre=tment of industrial waste has not as vet
been finalized btut several possibilities exist.

FLAT RATE METHODSE

1. A percentage of the water bill irrespective of
strength or quality.

2. A rate schedule for volume of waste discharged,
irresvective of strength or ocuality.

3. A rate based on the type of industry.

The chief objection to these methods is that they do not permit
equitable apportionment of costs as far as strength or quality
of discharge is concerned.

QUALITY-QUANTITY METHOD

Charges are realted to the volume of flow and the strength
of the waste.

In Cincinnati, Ohio, the charge is based upon volume, plus
excessive strength of waste above a norm. The Allegheny
County, Pa., formula is based uvon volume plus an additional
formula to take care of the extra load of suspended c=olids,
B.0.D. and chlorine demand imposed ty handling industrial
wastes, whereas in Buffalo, New York, surch=arges are based
solely on chlorine demand.
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METHOD BASING CHARGES ON ASSESSMENT

This approach regarding sewverage surcharges commences with
the premise th~t sveryone who has property in the municipality
is paving for waste tres=tment in his taxes.

Calculations based on the normal strength of domestic cewape,
assuming 4.3 persons per household and an average of $5,CCC
residential assessment, show that ver assessment dollar,
householders contribute approximately C.C& 1lb., B.O.D. and C.CE 1b.
Suspended Solides in their domestic sewage. Thus, Industry should
also be entitled to trez:tment of the same amount of B.O.D. and
Suepended Solids per assecsment dollar. Some runicipalities
how=ver, are willing to go further bv granting Industry free
treatment up to five times the domestic load i.e. approximately
C.4 pounds B.0O.D. and (.4 pounds Suspended Solids per dollar
assessment.

Sewage treatment costs range from 1 to 2 cents per pound B.O.D.
or per pound Suspended Solids in the Metropolitan treatment
plants. In practical application, the surcharge system using an
aseessment fzctor of (.4 and tre-tment costse of 2 cents per
pound worxe as follows:

A emall meat packing plant hac an assessment of $4CC,CCO.

The comrany is entitled annually to free treatment of 4(C,CCC
times (.4 or 16C,CCO 1lbs. B.0O.D. and the same amount of Suspended
Solids.

If the company disch:rges 4(,C0C,0CC gallons per vear with
an average load of 9CO vpm B.0O.D. and 1COC ppm Suspended
Solids, the B.0O.D. load is 36C,C0C pouncs and the Suspended
Solide load 4CC,CCC pounds.

Surcharge for B.0.D. = (360,C0C 1b. - 16C,CCC 1b.) x $0.,02
200,0CC x C.C2 = $4,C00
Surcharge for $.S. = (40,000 lb. - 16C,00C 1lb.) x $C.C2 ’

2,C.C0C x C.02 = $4,8CC

TOTAL CURCHARGE FOR THE VEAR |
WOULD 3E 82,800

At present our programme of waste control involves the
inspection, samopling and testing not only of industrial
effluents but also of stre=ms, storm sewer outlets and

lake front points. Last year a total of 154C samples of
industrial effluents was taken on which our laboratory

made 7,900 tests. Records of the recults of thece tests
are filed separately for each industry in order to maintain
a complete history of their effluent.,



Our programme is also one of acquainting Industry with the
problems involved, and of obtaining their co-operation in

taking a sound approach toward the entire matter of industrial
waste. Much remains to be accomplished but progress is
gradually being made towards the establishment of a uniform code,
permitting the maximum use of the existing municipal sewerage
facilities by Industry and at the same time providing the
Municipality with the necessary control. At precsent, and

until the uniform code is put into effect, the different area
municipality by-laws provide anv authority renuired.

To assist an industryv, hearings or meetings are held between
Metroplitan Toronto and company officials with representatives

of the area municipality and the Ontaric Water Resources
Commission precent, to discuss the problems arising from the
waste of that particular comvany. This ensures that there

is complete understanding between all parties concerned =nd at
the same time frequently produces a solution that is satisfactory
to all., It is through such co-operation of all interested
agencies and companies that our streams and lakes will be

safeguarded for the recreation, health and welfare of all citizens
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