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FIFTH ONTARIO INDUSTRIAL WASTE CONFERENCE

SPONSORED BY
THE WATER AND POLLUTION ADVISORY COMMITTEE
OF THE ONTARIO WATER RESOURCES COMMISSION

The Ontario Water Resources Commission is pleased to make
available this set of papers presented at the Fifth Ontario Industrial
WasteConference held at Delawana Inn, Honey Harbour, Ontario on May
25,26,27,28, 1958, In doing so, it is hoped that the dissemination of
this information will have wide benefits and will result in better
methods of industrial waste disposal.

The papers given at this Conference are printed in this brochure
in the order in which they were given, A list of those persons who
attended the ¢onference is also contained in the brochure for refer-
ence purposes, These papers contain valuable information given by
persons who are recognized leaders in their fields., A careful study
of the papers is recommended for all who are concerned with this
problemn,

Industrial wastes in the Province of Ontario constitute an impor-
tant factor in stiream sanitation. They must be considered in conjunc=
tion with domestic sewage and other wastes which may impair the quality
of the receiving watercourses, The fact that Ontario is growing '
industrially at a rapid pace creates additional problems in this field,
The objective of the Water Resources Commission is to make it possible
for the operation of these various industrial plants in such a way
that the quality of the streams may be maintained for the many uses-
which are normally required of watercourses, As the Province grows,
this problem becomes more acute, It is necessary to plan in advance
and to make certain that all wastes arc adequately treated before they
are discharged,

The industrial waste problem is one of great magnitude, not only
because of the complexity of the wastes themselves, but also through
the cost involved in providing treatment, It thus becomes all
important that effective measures be devised which will bring satis-
factory results, and at the same time the most economical procedures,
Measures to be adopted must be coé-ordinated with the ever changing
composition of industrial wastes; One of the best-ways to mcet this
challenge is to hold conferences, such as this one, where there can be
a free exchange of information with others,

The Water and Pollution Advisory Committee has been responsible
for the preparation of the programme of this Conference, ‘The Commit=-
tee members come from different departments of Government, and
accordingly they are interested in all types of pollution. By acting
together in this way there is e co-ordination of efforts and interests,
and a broadeér approach to this complex problem than would otherwise
be the case, Existing legislation in Ontario makes it possible to
deal with all forms of wastes which may in any way impair the quality
of the receiving stream irrespective of the purpose that stream may
serve as its primary function,
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The Water and Pollution Advisory Committee is grateful to all
who have contributed, in any way to this programme of papers and
discussions. The interest manifest in these conferences is increasing,
& situation which reflects the quality of the papers presented, as
well as the general conca™m in this overall problem, The Ontario.
Water Hesources Commission is glad to be of service in this way and
will welcome any suggestions for attacking the problem more effectively,

For further information write to:

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

Bast Block, Parliament Buildings,

TORCNTO, Ontario,



A LABORATORY STUDY OF OZONE TREATIENT
OF REFINERY PHENOLIC WAST®S

“ by -

M, L, Peppler
G, . H. Fern

Imperial 0il Linited
Sarnia, Ontario

Abstract

Biological Oxidation has found considerable favour as a method
of phenol destruction in Refincry iastes, It has been known for a
long time that ozone would destroy phenols effectively, but the cost
of ozone treatment appeared to be prohibitive, More recently it ap-
peared that ozone might be becoming competitive on a cost basis and
therefore it was decided to investigate, on a laboratory scale, the
feasibility of ozone as a metiiod of treatment for Refinery Phenolic
Wastes,

The effect of pH and stripping on the various types of waste
were studied, The pH was found to have little effect on the ozona-
tion of Treating Plant Wash Water and Cat Cracker Condensat@ both of
which are naturally alkaline, However, for a solution of pure phenol
and distilled water the pH was significant in the range 5.7 to 12.3,
It would appear from this work that the optimum pH was about 12,

Sulphides have an ozone demand and must be removed if present
in appreciable concentrations as in cat cracker condensate, lHence,
stripping would probably be recquired in a commercial ozone treatment
plant,

Ozonation may have a slipht economic advantage over Biological
Oxidetion for wastes whicli do uot contain significant amounts of
oxidizable impurities, i.e, sulphides, but it is much more expensive
if the waste must be stripped prior to ozone treatuent,

Ozone treatment produces a very high quality effluent but based
on this investigation, it is extremely doubtiful thuot it would replace
Biological Oxidation of Refinery lastes due to economic considerations,

INTRODUCTION

Biological Oxidation has met with considerable success in the
destruction of phenolic compounds in refinery waste waters, Chemical
oxidation employing ozone, chlorine dioxide, etc, is an alternative
method which has not been economically attractive in the past. Aside
from the standpoint of cost, ozone would be an excellent method for
phenol reductions; the treated water is of very high quality and con-
tains no objectionable by-products, the reduction product of ozone
being oxygen, Recent developments in ozone technology led to the
belief that ozone treéatuent inight have become competitive with
Biological Oxidation,
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It was decided, therefore, to conduct a laboratory investiga-
tion into the ¢O{Slbillty of such a process including a study of the
ozone demand and the various factors that influence the ozone demand
of refinery phenolic waste, The ozone demand is defined as the
number of pounds of ozone required to coupletély oxidize one pound .
of phenol, The variables congsidered to be most important werec pH
and oxidizable materials othei than phenols,

THEORETICAL

The theoretical ozone requirement for phenol destructionis
three moles of ozone per mole of phenol, This corresponds to a-ratio
of about 1.5 pounds of ozone per pound of phenol, At a high pH,
ozonation of plenol proceeds in preference to competing oxidation re=-
actions, but the stability of ozone in water solution decreases with
increasing pH. ‘The optimum pH for a solution of pure nhensol and water
is 12, However, refinery waste waters contain other substances which
arz also ozone consumers, The chief conmpeting reaction is the
oxidation of sulphides to sulphites and sulphates,

EXPERIMENTAL

A, Apparatus

Reactions were carried out in a glass reactor having a capacity
of about five litres, This is illustrated in Figure I, It consisted
basically of a vertical glass tower having four fritted glass dis-
fusers at the bottom from which a mixture of ozone and oxygen were
supplied to the water being treated. A pump circulated water from
the lower part of the reactor through a codéling condenser and back to
the reactor above the surface of the water, The pump had stainless
steel parts and all connecting tubing was of stainless steel, glass or
tygon, ,

Ozone was supplied to the reactor froia a Welsback T-23 labora-
tory ozonator, Oxygen was fed to the ozonator from an oxygen cylin-
der (air may also be used), An electrical discharge in the ozonator
converted a portion of the oxygen feed to ozone, It is important
that the input to the ozonator be dry and a calcium chloride drying
bottle was connected in the line for this purpose,

B. Analytical Procedure

1. Determination of Ozone

Ozone reacts with potassium iodide to liberate iodine, accord=-
ing to the equation:

2KI + Hp0 4 03 = Iz + 2KOH p0p
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The liberated iodine can then be titrated with standard sodium
thiosulphate solution. Reagents used were as follows:

2% KI solution
1 Molar H2S50), solution
0.1 Normal NapS203 solution

The ozone and oxygen mixture was bubbled through 400 millilitres of
KI solution in a 500 ml gas washing bottle for one minute, The solu=-
tion was then transferred quantitatively to a one litre beaker,
acidified with 10 ml of H250, solution and titrated with standard
Nap8203 solution using Thyodéne indicator just before the solution
cleared,

The ozone dosage in grams per hour may be calculated from the
following formula:

03= T x 0,024 x N x 60
t

Where 03 = Ozone in grams per hour
T = titration in ml of NapS203 solution
N = normality of NapS203 solution
t = gas bubbling time in minutes

When N = 0,100 and t is one minute, the formula may be reduced

03 (gm/bir) = 0,144 T

to

2. Determination of Phenols

Phenol concentrations were determined by the Gibbs method,

3, Determination of Sulphur

. The sulphur content of water samples was determined potentiomet-
rically, In this method a silver-silver sulphide electrode and a
glass electrode were used, The titrating medium consisted of 160
grams of NaOH and 40 millilitres of ammonium hydroxide diluted to four
litres., The titrant was 0,01 normal alcoholic silver nitrate,

C. Procedure

The ozonator was adjusted to give a flow rate of 0,04 cu, ft./
min, to the reactor, The ozone content was deteruined by the potassium
iodide method at the beginning of each run and after forty-iive
minutes, Ozone dosage was about bhree grams per hour at this ratc of
flow. A gallon of the test was introduced into the reactor through
a three-way stop-cock upstrcam of the pump, Ozone feed was started
and 150 ml samples of water were removed for analysis at timed inter-
vals over the course of an hour and a half', Ozone dosage was calcu=-
lated in parts ozone per million parts water, correcting for the
change in volume after each samplc was taken,
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RESULTS

Table 2 summarizes the data for the various runs made, The v
data for each is presented in lMigures 2 to 9

During each run there was a considerable drop in pli, Since the '
optimum pH, according to liegowski (2) is in the neighbourhood of 12,
this may cause a corresponding increase in ozone demand as the
treating progresses.,

1, Pure Plienol and Vlater

Figure II illustrates the data for the ideal case of pure
plant phenol and distilled watcr, with no competing ozone consumers,
In order to invest.gate the effect of pH on ozone demand, one gallon
of a sample was treated directly while a second was buffered up to
a pH of about 12 with sndium hydroxide and disodium phosphate, The
effect of pH on the efficiency of phenol destruction was marked, The
sample having the natural low pH of a phenol solution (5,7) required
2.4 pounds of ozone per pound of phenol, while the samples at pH 12,3
required only 1,6 pounds ozone, The latter corresponds to a mole
ratio of slightly more than three to one, the theoratical ratio,

2, Effect of Sulphides

Figure III illustrates the data for a sample of phenolic waste
water containing a high concentration of sulplides, The sample used
was unstripped cat cracker condensate water with a pH of 6,5, con- -
taining 1450 ppm sulphur as H2S, 200 ppm sulphur as mercaptans and
550 ppm oi pheiols,

It is apparent from the graph that the oxidation of sulphides to
sulphites and sulphates proceeds in preference to other reacticns
phenols not being attacked until sulphides are oxidized, High sui-
phides would therefore give the water an extrenely high ozone demand,

3. Central Treating Plant Wash Later

Figure IV shows the effect of pH on the ozonc demand ol treating
plant wash water, One large sample of wash water was adjusted to
different pH values by addition of NaOH pelletc,

It c4an be seen from the graph that the variation oi pH in the
range of 9,0 to I1.7 had little, if any effect on the ozone demand
of the water, Within the limits of experimental eiror, the ozone
demand was 3.5 to 4 pounds of ozone per pound of phenol in each case,

Two runs were made to determine the effect of flue gas and
steam stripping cn the ozone demand of treating plant water, Samples
used were the feed and effluent waters from the sour water stripper
at the D.S,A. plant, The results of these runs are shown in Figure
V. It is apparent from the graph that the total ozone consuaption
was independent of stripping for thece low sulphide waters,

The stripped water, having-a lower pH, had a slightly higher
ozone demand per pound of phenol, but this was of'fset by the lowered
phenol content, This water was fow in sulphide and hence the
stripping prior to ozone treatment was not necessary,
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L, Cat Cracker Condensate Vater

The sulphide situation  is different in the case of Cat Cracker
condensate which is normally quite high in sulphides, Figure V shows
the effect of stripping on the ozone demand of Cat Cracker condensate
water, The samples used were feed and effluent water from tiie Sour
Water Stripper at the D, 5, A, Plant,

The ozone demand of unstripped Cat Crackcr condensate was very
large, phenol destruction being aluost negligible, The sulphides
were being oxidized in prcference-to ozonation of phenols, The ozone
demand of strinped water, however, was dovn to about five and a halfl
pounds per pound of phenol, The pH of this sample dropped from 7./
to 2.3

Figure VII shows the efiect of pH on unstripped Cat Cracker
condensate water, One sanple was adjusted to a high pH with NaOH
pellets,

Although the ozone demand of the water at pH 11,2 was less than
that at pll 8,9, it was extremely high in both cases, due, no doubt,
to the high sulphide content,

Figure VIII shows the effect of pH on stripped Cat Cracker con-
densate water, Part of the sample from the effluent of the stripper
was ozonated directly and part raised to a pH of about 12,

In each case the ozone demand was about six pounds of ozone per
pound of phenol, The curves differed slightly but the ozone require-
ment for 'the reduction of phenol content to one part per million was
the same,

Therefore stripping would be required before ozone treatment of
Cat Cracker condensate,

5., Biological Oxidation Plant Lffluent Water

The effluent of the Piological Oxidetion plant also was treated
with ozone., This water required 345 ppm of ozone to reduce phenol
content from 900 to 60 parts per billion, This corresponds to an
ozone demand of about 400 pounds per pouad of phenol, Phenol concen-
tration appeared to level off at 60 parts per billion, This is il-
lustrated in Figure IX,

DISCUSSION

It appears that the ozone demand of sour waters from Sarnia
refinery would be in the range of 3.5 to 6 pounds per pound of phenol
destroyed, depending on the source of the water, and the oxfdizable
materials other than phenol present in the water, Stripping would
still be necessary in water high in sulphides, It would appear that
there are interfering substances present in Sarnia refinery effluent
which raise ozone demand. The pH dependence exhibited by pure phenol
in distilled water did not appecar to apply to refinery waste, in
which variation of pH, at least in the range ahove &, had little or
no significent effect., Since refinery phenolic water normally has a
pH in the alkaline range, adjusting the pH would not seem to be ad-
visable, The effluent from the Biological Oxidation Plant had a very
high ozone demand, In view of this, the use of ozone as a polishing
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operation following Biological Oxidation would not be economically
attractive but might be required if a particularly stringent phenol
limit were placed on a refinery effluent.

It is of interest to compare the reclative costs of Biological
Oxidation and ozone treatment of phenolic refinery wastes., The cost
data can be sumuarized as follows:

$ per 1b, of Phenol Destroved

1, Steam and Flue Gas Stripping $ 0.91/1lb. of phenol

2. Biological Oxidation $ 0.24/1b, of phenol
(based on the consumption or
800 1b/day of phenol)

3, Ozone at $0,273/1b of Ozone $ 0,95-1,65/1b, 6f phenol
based on an ozone demand of
3.5 to 6)

Since it has been found necessary to strip both Treating Plant wash
water and Cat Cracker condensate, the total cost of the biological
process is $1,15/1b of phenol, Thus ozone may have a slight economic
advantage, for the treatment of a waste which does not require sul-
phide removal but Biological Oxidation has a distinct advantage for
wastes wiiich are high in sulphides and require stripping.,

CONCLUSIONS

Ozone treatment of refincry phenolic wastes will produce an
effluent of very high quality, However, sulphides are oxidized in
preference to phenols and result in an extremely high ozone consump=-
tion., Therefore in most cases steam and flue gas stripping would be
required before ozone treatment which renders Biological Oxidation
more attractive economically than ozone treatment,

REFERENCES

1, Long; Louis Jr,, The Ozonization Reaction, Chem, Rev, December
1940, p. 437.

2, lNiegowski, 3.P,, Sewage and Industrial Wastes, Oct. 1956, p. 1266

3. Standard Methods for the Examination of ¥ater Sewage and Industrial
Wastes Tenth Ed, 1955, American Public Health Association, Inc,

L, Removal of Phenols from Refinery Wastes, Dil in Canada, June 24,
1957, p. 26,
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TABLE I

LABORATORY OZONATION OF REFINERY PHENOLIC WASTES

Initial Final Initial ppm Og Remarks
Sample __pH pH Phenol in ppm ppm Phenol
Plant phenol in
distilled water
51; as is 5.7 Reb 492 Rolit L
buffered to
high pH 12,3 11:8 525 1.6:1 Close to
theoretical
value of
1.5:1
692 Tank §1 9.0 8,9 288 w 3,5:1 pH appar-
(treating plant 2 10,5 9.2 296 = 3,5:1 ently not
wash water) (3 11,7 9.5 260 = 4:1 critical
in this
range
Central treating Total
plant water Ozone cone
(l} Unstripped 12,0 Te5 114 L.l  sumption
(2) Stripped 7.9 6.8 85 4,7:1 identical
for the two
samples
Cat Cracker
Condensate
il} Unstripped 8.9 8.2 200 Very high
2) Stripped Tek 2.3 154 Fe5il
Cat Cracker
Condensate Unstripped
(1) As is 8,9 8.7 250 Very high
2) pH raised 12,6 11,2 250 Very high
Cat Cracker
Condensate Stiripped
1l) As is 7.0 1.8 114 6:1
2) pH raised 12,6 9.7 114 6:1

Biological Plant
Effluent 7.6 0,900 4L00:1
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THE BIOLOGY OF THR ST. CLAIR RIVER

T, W. DEAK

Consulting Biologist
Amherst Bar
Collins Bay
Kingston, Ontario

The St. Clair River, as-most of those present will know, joing
Lake Huron to Lake St, Clair, which in turn cempties into Lake FErie,-
It follows that it carrics the whole outflow from the Lake 3uperior,
Lake Mighigan and Lake luron catchments; except that which is di-
verted elsewhere through canals, It is; therefore, a large river
having an estimated average flow of 174,000 c¢,f,s..

The river farms the boundary betwecn the United States and Canada,
On its eastern bank is the industrial towvm of Sarnia and a number of
smaller communities, Sarnia has nine major industrial plants includ-
ing three oil refineries, three large chemical plants, a tetra-ethyl
plant, a fibreglass plant and a plating works, The managements of
these plants have formed a joint committee called "The St. Clair
River Research Committee" to study air and water p6llution in the
vicinity of Sarnia, The study described in this paper was sponsored
and financed by this committee, I am indebted to it for permission
to give this paper, I should like to say thiat in my opinion the fact
that the coumittee sponsored tihe work of its own accord and at its
own expense and subsequently permitted me to use data from it for this
paper speaks highly of the public-spiritedness of its members,

The study described in this paper was undertalken because the St,
Clair River Research Committce wanted data on what effect, if any,
effluents from industrial plants in the Sarnia district were having
on the biology of the St, Clair River, It was undertaken as a volun-
tary effort on the part of this committee solely for the purpose of
collecting data and not because of any pressure or threat from fishery
or other interests,

Before going on to consider what has been done so far inthis
study I should like to digress for a few minutes to explain why a
biological rather than a chemical study of the St, Clair River wes
. undertaken,

A considerable amount of chemical work has been carried out in
the past on the-St, Clair River by the International Commission for
Boundary Waters, the Ontario Water Resources Board and the industries
themselves, Although chemical analysis is an important tool in water
pollution study there are limitations to the data obtained from it,
The principal of these are first that it is only possible to obtain
data about those chemical substances whicih are known to be present and
for which a suitable analytical method is available and secondly, even
when analytical results are obtained they are of optimun value only if
the biological or other effects of chemicals present is known,
Particularly in a sitvation like the St, Clair River in which there is
a number of industries using a variety of materials no one knows eacte
ly what chemicals might be released with effluent waters, nor all the
effects of even the known ones, A direct measurement of biological



changes by means of biological surveys and other biological tgsts is
therefore the only practical metiiod ol obtaining an overall p}cture'of
the effects which industrial activity and domestic pollution is having
on the natural waters in the arca,

Any large concentration of industry and population-is a potential
source of pollution, Uhatever precautions may be talken, whatever
treatment may be given to-wastes, there is always some foreign matter
which must be disposed of, and ultimately it will find its way to a
natural watercourse, Fortunately natural waters, and particularly
large rivers like the St. Clair, have an enormous capacity for ab-
sorbing foreign matter, utilizing it in one way or another and render-
ing it harmless, Such foreign matter only becommes pollution in the
practical sense when the amount of it exceeds the capacity of the
river for absorbtion without undergoing a major biological change.

One of the most practical methods of measuring pollution is therefore
to measure the change in the biology of the river,

Because applied freshwater-biology has in the past been mostly
concerned with fishery problems, it is sometimes thought that biolo-
gical studies of rivers are concerned solely with the effects of pol-
lution on fisheries, This is by no means the case, TI'ish are but a
part of the biological complex of freshwaters, Far less conspicuous
and less well known, but at least equal in importance is the large
number of animals and plants ranging in size from minute algae to
large clams which also live in fresh waters. It is these organisms
which are recsponsible for the self-purification of natural waters,

By studying them, and particularly the changes which take place in
their species and numbers, it is possible to obtain a measure of pol=
lution in a much wider sense than merely its effect on fisheries,

So far I do not know of any biological®means of measuring very small
quantities of certain taste-producing substances such as phenols, but
apart from this biological surveys can and do give a measure of the
whole range of the effects of -water pollution, DBiological methods do
not replace chemical analysis, but they supplement it and supply a
great deal of information which cannot be obtained by chemical means,

The work so far completed in this study is of a preliminary
nature, Some results have been obtained, but they are not suffi-
ciently conclusive-to justify publication at this stage, One survey
only haw been made, the purpose of which was to obtain a reliable
measure of the problems involved in making a compréhensive study of
the biology of a large river such as the St, Clair, The results of
this survey have assisted greatly in drawing up a comprehensive plan,
The present paper describes the methods used in the preliminary sur-
vey and in interpreting the r eésults and how these results have been
used to formulate future plans,

For the benefit of those who are not familar with the use of
biological surveys in the study of pollution I shall briefly describe
the nature of these studies; I hope those of you to whom this is
"old hat" will bear with me,
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Almost every aquatic habitat, unless it is grossly polluted, has a
community of animals and plants living in it, -Thege vary greatly in
size, in density of populations and in species, but these commnunities of
plants and animals are not haphazard in distribution, Their composition
is related to the integration of the chemical, physical and biological
characteristics of the environment,

Even under natural unpolluted conditions there is enormous varia-
tion in these communities,., The plants and animals living in a cwift
mountain stream will be entirely different from those in a large slug-
gish river and different from those in a lake, "There are, however,
certain basic similarities in these communities, It is as if each
environment consists of a number of "niches", Some of these niches
will be found in every type of environment, but according to the chemi-
cal and physical conditions of the eavironinent they will bec occupied by
different species, To illustrate-this point, in many environments
there will be a “niche" for small, bottom living animals which obtain
their living by "grazing'" on the minute plants ?algae) which adhere to
hard surfaces on the bottom, This niche will be found in swift moun-
tain streams, on the stony shores and rapids of larger rivers and the
wave-washed shores of lakes, The species occupying the niches will
probably vary between these environments, but they will all have cer-
tain characteristics in common, e,g., mouth parts capable of scraping
the algae from the hard surface, metabolism capable of digesting algae,
a means of clinging to hard suffaces and many others,.

It follows from this that in making biological studies of rivers
and lakes, we have certain frameworks-of reference into which to fit
our data, The first thing we must do, therefore, is to study the envir-
onment and try to form a general picture of the types of environment
which are included in the area under study,

An aquatic environment can be divided into the main body of the
water, the air/water surface and the bottom, Unless we are to study
the whole environment we mucst first select one of these for study, In
the case of a large, fast flowing river where our major aim is the study
of the effects of pollution, the bottom and the bottom-living animals
are generally found to be the most stable part of the environment and to
yield most useful information, This is the reason why these were chosen
for study in the case of the St, Clair River.

It was realized in planning tie preliminary study that there would
probably be differences between the two sides of the river - apart {rom
any pollution eiffects -~ and also between the shallower water ncer the
banks and the deeper water near the centre of the river, It wag deci-
ded therefore, where cver possible to take samples at four points at
each station - two respectively near the Canadian and U,S., banks and two
in the deeper water approxzimately one-third way across the river from-
each side. It was also important to know, if therc was any pollution,
the extent to which it spread across the river, The islands gave an
opportunity to do this, By selecting points on each banlk of the river
and on two sides of the islands at similar depths, comparison could be
made between conditions on the-Canadian side of the river, the Canadian
and U, S, sides of the islands, and the U, S, side of the river,



The interpretation of the biological results for the study of
pollution depends on the knowa fact that different organisms vary in
the degree of their tolerance to various types of pollution, Thus
some organisms are very intolerant aud will be excluded from an envir-
onment by a very small amount of certain substances or a comparatively
slight oxygen deficiency. Many orzanisms can exist in conditions of
moderate pollution and a few can thrive even in heavily polluted water,
Between the two extremes there are meny shades of tolerauce,

The first task in a study of this kind is to try to establish the
composition of the natucral fauna in unpolluted conditions in the river
under study, In doing this account nust he taken of the different
types of habitat in the river, so that differences in animal communi=-
ties due to natural environmental "differences can be distinguished
from differences due to pollgtion, This is very important as differ-
ences due to environment can often appear, at least superficially, to
be the same as those due to pollution, Having established the types
of communities occuring naturally in each type of habitat, thece are
compared with the communitiés found in similar habitat below any sus-
pected sources of pollution, If it is found that consistently there
is a generalized community above a pollution source and immediotely
below it only tolerant species (or none at all) are found and that
progressing down strcam there is a gradual return of the species
roughly in the order of their tolerance, until finally at several
miles below the pollution source approximately the same community
occurs as above it, there is a strong presumption, which with some
verification can amount to proof, that pollution is present., This is
briefly the way bidlogical surveys are used to measure the presence,
the degree and the extent of nollution,

Figure 1 shows a diagram of the St, Clair River from its origin
in Lake Huron to Port Lambton where it begins to bfeak up into
several clhannels which flow into Lake St, Clair., It also siows the
location of the industrial plants and the sampling stations at which
biological sanmples were taken, It will be seen that Station A was
selected to be above any possible pollution from Sarnia, Station 3
to be below the town of Sarnia but above the major industrial sites.
Stations C, D, E, F, G and H are each below the site of a major
industry, Stations J, K, L, IT and N are selected to give a measure
of conditions below the major potential sources of pollution, making
special use of islands in the river to compare conditions at various
points across the river,

Although the preliminary survey was not regarded as quantitative,
it ‘was desired to obtain some idea of the relative abundance of anima-
ls, A Peterson dredge was therefore used to obtain all bottom
samples., This consicts of a greb-like device which is lowered
through the water in the open position, On touching bottom a pawl is
released, I/hen the dredge is raised tace jaws dig into the bottom de-
posits and enclose an arca of approximately one square foot, The
closed dredge can be raised to the surface and the contents transfer-
red to a suitable receptacle for further treatment,
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At Sarnia the Petersen dredge was operated from a 32 ft, motor
boat. As the survey was carried out in November and weather condi-
tions were unfavourable, even thic boat was only just large enough
to cope with the rough water encountered. The samples were placed
in numbered bags and taken back to the pump house of one of the
plants where they sieved to separate the living organisms from the
bottom material, The organisms and a small amount of material which
could not be separated from them were preserved and placed in plastic
containers for transport to my laboratory at Kingston.

In the laboratory the organisms were carefully picked out from
the other material by hand, sorted into groups, identified and
counted, At least two identical samples had been taken at each
point, In this way a fairly comprehensive picture was built up of
the animal community living on the bottom of the river from a point
above Sarnia for about 25 miles downstream.

In view of the fact that only one preliminary survey has so far
been carried out and that it is planned to do further, more detailed,
quantitative work in this area, I do not intend to give any detailed
results at this time, So often I have found that if preliminary re-
sults are published, they are quoted by later workers without due
reservation with the result that misleading data gets into the lit=-
erature, I shall confine myselt at this time therefore to a few
generalizations and to a consideration of the methods which are
being used to interpret the data,

Table 1 gives a list of the organisms which have been found in
this survey, The groupings will be explained later, This figure
shows that some organisms were characteristic of those parts of the
river in which the current was moderate or less and the bottom de=-
posits consisted of sand and silt with some attached weed, Another
group was characteristic of those parts in which the current was
swift and the bottom consisted of stones or stones on a base of blue
clay. There was some overlapping, as would be expected, but the
general distribution was along these lines, In the centre of the
river, except where the islands were present, the very swift current
had scoured out the bottom deposits so that only coarse sand or bare
clay was present, As would be expected this habitat supported very
little animal life, It can be taken, therefore, that animal life
is abundant only for a distance of between 150 and 300 feet from
both banks in the upper part of the river, Downstream of the is-
lands, the current is less swift, and I found a fair abundance of
organisms right across the river,

It will be noticed that the organisms in Table 1 are set out in
four groups. These groups correspond to the estimated tolerance of
the organisms to pollution. Organisms of group 4 are those which
experience, either my own or that of other workers, has shown to be
intolerant of pollution. Group 3 organisms are those which are
known or considered to tolerate some degrees of pollution, but not
very much Group 2 organisms are those which have frequently been
found in moderately polluted situations, Group 1 organisms are
those which are known to be very tolerant of pollution.
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This grouping is regarded at this stage as preliminary only. It
is considered that if possible it should be verified by gquantitative
tests with the type of pollutants which may be encountered in the

articular environment under study, Even this would still leave room
for the criticism that it would be practical to test only certain
stapes of the life history of the organism, However, if regard can be
had both to the tolerance as measured in toxicity tests and the oc-
currence in situations of known pollution a considerable degree of
confidence can, I suggest, be attached to these groupings.

Groups 1, 2 and 3 organisms, adthough more tolerant of pollution
than those of group 4, can and do live in unpolluted situations, It
is the absence of the less tolerant organisms and not the presence of
the tolerant ones which gives a reliable indication of nollution,

The method of using these groupings is to allocate a score to
each sample according to the presence in it of organisms of the dif-
ferent groups on the following basis:-

Animals of Group 1 present 1 point

Animals of Group 2 present 2 points
Animals of Group 3 present 3 points
Animals of Group 4 present L, points

Maximum score: 10 points

Some weighting is given for numbers. Thus, if only one specimen
of a group 4 organism is found in a sample a score of 1 instead of 4
is given., Likewise for two specimens a score of 2, This system is
quite arbitary but it makes allowance for the fact that a single speci-
men in a sample may be fortuitous, or merely indicate that an intoler-
ant organism has a toe-hold in an unsuitable environment,

This method of scoring enables the results to be set out graphi-
cally giving scores from O to 10 vertically and distances downstream
from the uppermost station horizontally. Because both swift and slow
water species are grouped together according te their tolerance no
allowance need be made in these gruphs for these factors. However, in
the centre of the river where the scouring action of the swift current
has rendered the bottom unsuitable for any significant amount of
animal life it is necessary to pestrict comparisons to situations simi-
lar in this respect,

In this preliminary survey it was found that in all situations
where there was no reason to suspect the presence of pollution all
samples had a score of 10, There were some locations in which lower
scores were obtained and these were all in situations which were
suspect as possible pollution areas, In all these cases, there was a
gradual rise in score moving downstream with a return to a score of 9
or 10 at all downstream stations,

Those parts of the river having scores of less than 10 are the
subject of further study. As a result of the data oBtained from this
survey a programme is being planned to separate the complex factors
which may acc ount for the results obtained, This programme has not
yet been finalized, but among the factors which will almost certainly
be investigated are: ' ‘
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1. The nature.and origin of bottom deposits and their effects on
organisms;

2, the origin and distribution of any toxlc substances and their
effects on organisms;

3. quantitative methods of survey of both organisms and deposits
so that a reliable measure of any changes c¢an be obtained,

Before closing I should like to make one or two general comments,
First I should like to assure our frieuds from across the border that
this preliminary survey has shown that if any pollution originates on
the Canadian side of the river, it does not extend across to the
American side, and vice versa, The reason for it is, of course, the
reasonably swift current (4 knots) in the middle of the river and the
considerable dilution available because of the very high flow in the
St, Clair River,

Another point I should mention is that these biological surveys
do not merely indicate the [ishery potential of tle river, They give
a good indication of the general health of the river except for two
points, They do not talie into account minute quantities of certain
substances such as phenols wiaich might cause taste problems and, as
bacteriological studies were not included they do not take account of
the precence of pathogenic organisms, 1ith these exceptions they give
a good indication of the state of cleanliness 6f the river for all
purposes except drinking and possibly swimaing,

In this paper I have tried to give you some idea of the work that
is being undertaken in a large and complex river environment, In
attempting to describe the work while it is still in its early stages
I have taken some risk of making statements vhich I shall later have
to retract, This risk has been accepted as the price paid for tle
advantages of letting others know what is being done in an important
international river to avoid serious pollution from aricing and also
the advantage that might ensue, both to ourselves and others doing
similar work, by stating what we are doing and the methods we are using
to accomplish it, This eénables others to consider our methods and if
necessary criticise them, In this way we hope to obtain some useful
comment, :
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TABLE 1

Hydropsyche phalerata
Cheumatopsyche sp.
Polycentropus sp.
Phylocentropus sp.
Ephemora sp.
Hexagenia sp.
Stenonema sp. (femoratum)
Bactisca sp.

Other ipheméroptera
Isogenus sp,

Other Plecoptera

Odonata

Endochironomus sp.

IMetriocnemus sp,

Tendipedes sp.

Other Chironomids include
Cryptochironoius sp, and
Pentaneura sp., '

Orconectes limosus

Gammarus fasciatus

Asellus sp.

Dugesia tigrina

Goniobasis spp. (R species)

Valvata tricarinata

Amnicola sp..

Gyraulus sp,

Lymnae sp.

Plhiysa sp.

Sphaerium sp,

IMusculium sp,

Pisidiwn sp,

Lumbriculus sp, (L, inconstans)
Helobdella stagnalis

Erpobdella punctata
Glossisiphonia sp.

Limnodrilus sp.
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TOTAL OXIDATION AS APPLIED TC CANNERY WASTE

-by-

J., G. Duncan

Supervisor of Purification Processes
Ontario Water Resources Commission

In considering possible methods of treating camnnery wastes,
the Total Oxidation Process as worked out by Prof, R. Kountz of
Penn State University seemed to offer some advantages over other
methods, '

(1) It could be brought into operation quié¢kly by trucking in
sludge from any activated sludge plant,

(2) There would be no sludge problem if total oxidation was
attained,

It was decided in the summer of 1956 to try the process firt
on corn waste and the Aylmer plant of Canadian Canners Ltd, was
selected as the site to build a pilot plant, There was an old
septic tank available as a sludge contact tank, When this was
investigated, it was found that there was not time to convert the
septic tank and obtain the necessary pump, As a compromise, a
small pilot plant capable of handling approximately a gallon a
minute was set up, using a small trough alongside the septic tank
for-sludge contact, Time was still a factor on this smaller glant
and, added-to this, pump troubles and feed lines plugging wit
corn waste, the test as a whole could be considered a failure,
However, a few short runs were obtained that indicated that the
process had possibilities and it was decided to do further work
during the csummer of 1957,

As there was to be no corn processed at Aylmer in 1957, a

new site had to be selected, Two requirements were made:
51} That the waste to be treated must be screened,
2) That an electric pump must be available., (The gasoline

pump used in 1956 had been very unsatisfactory,)
The Exeter plant of Canadian Canners was selected and a vibrating
screen was installed :and, as electric power was available at the
chosen site, our two requirements were met,

The Exeter plant was to pack peas, corn and sauerkraut, so
it was decided to have a pilot plant operating for the pea crop
to give a chance to eliminate any operational difficulties before
the corn season started and also to get some information on pea
waste and pea stack waste as well,

The pilot plant was assembled using a small cooling tank of
1500 gal, capacity for sludge contact, the Dowpack tower of 10 sq,
ft, cross section x 63" high that had been used the previous year
and a 400 gal, per minute pump that was intended to feed the vi-
brating screen, From data supplied by Prof, Kountz, this plant
would have a capacity of 4O pounds a day of 20 day B,0,D, Sludge
was obtained from the activated sludge plant of the R,C.A,F. at
Centralia, BSome difficulties mere encountered, The pump, when
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checked, delivered only 350 gals, per minute, and difficulty was
experienced in setting up a sludge settling area to give a clear
effluent, However, the set-up was wuch better than that of the
previous year and was operating reasonably well within a week of
the start of the pea pack,

A laboratory was set up in a house located on the cannery
property. C,0,D., dissolved oxygen and settleable solids were
determined there, Samples were also exprcssed to the Experi-

- mental Station three times a week for determination of B.0,D.,
total suspended and dissolved solids,  free ammonia, total v
Kjeldahl nitrogen, nitrites, nitrates, and phosphorous, Compo~
site samples were talken at hourly intervals,

- When it was found impractical to do 5 day B.O.D, determinations
on all samples, it wacs hoped that a factor could be found to con-
vert C,0,D,s to 5 day B.0O,D.s, The relation bhetwéen the two
determinations varied too widely to be of any use, Interferenuces
were noted in D,0, de¢terminations and also in the nitrogen and
phosphorous analyses,” The results of these tests were felt to be
of questionable value,

Nutrients were added at the rate of 3 pounds of nitrogen and
1l pound of' phosphorous for each 100 pounds of 5 day B,0,D, These
quantities were recommended by Mr.R,A, Canham of the National
Canners Association and were maintained for the whole period of
the experiment,

The plant was put in operation with an activated sludge con=-
taining 1026 ppm suspended solids and a sludge volume index of
118, The first two weeks were used to build up the sludge and to
clear up operating difficulties, During this time, the suspended
solids in the sludge built up to G644& ppm and the sludge volume
index waried from 265'to 152, B,0.,D, and C,0,D, removal at this
stage was encouraging,

For the last nine days of thc pea pack, it was attempted to
maintain a load of 40-50 lbs, of C.0,D, per day on the plant,
This was fairly successful éxcept for one day when the load
climbed to 80 pounds of C,0.D. With the exception of this one
day, the results were very good. OSuspended solids in the sludge
varied from 5000 to 70000, the sludge volume index varied from
138 to 188, C€.0.D, removal averaged better than 94% and removal
of 5 day B.0,D,, from a limited number ol results, averaged
better than 95%, The results of the analyses for the one day
that the plant was heavily overloaded would indicate that it
was capable. of taking a shock load and recovering quickly,

For the next two days, the plant was operated on pea stack wastc
plus wash water and the resuvlts continued very good, During the
following week, when the cunnery was being-cleaned there was a good
deal of alkali and detergents in the waste, and feed to the pilot
plant was discontinucd-for this period but the sludge was recycled,
For the next two weeks, pea stack wuste, diluted with plant drainage,
was fed continuously to the pilot plant, In this perial, suspended
solids in the sludge dropped to 3200, and the sludge volume index
climbed to 270, and the efficieuncy ol the plant was declining,
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The corn pack started at this time and for the first week's
operation, The efficicn.y of the plant was not good, but the
sludge seecmed to be recovering, ‘At this point, the motor operating
the recirculating pump burnt out, and the pilot plant did not
operate for one week, During this time the sludge was recirculated
with a small gasoline pump at a rate of approximately 50 gals per
mirdute to keep the sludge from going septic,

For the next four-'days, the plant was operated on corn waste,
The % removal of C.0.D., climbed to 94.6 and indications were that
it was regalning the efficiency it had when operating on pea waste,
The following day there was no corn packed and pea stack waste was
fed, This was apparently a serious mistake as the quality of the
sludge deteriorated rapidly. It no longer flocked and had a
slimy appearance, and 1in the next ten days the efficiency in C,0,D,
removal dropped to 50%, ‘

During the last ten days of the corn pack, the plant made a
gradual recovery that was slowed up by overfeeding and never did
return to its earlier efficiency,

In estimating a power requirement for this process, it was
felt that it was better to use C€,0,D. values rather than 5 day
B.0,D, on account of the few B,0,D, determinations made, Assuming-
a total head of 10 ft, and an efficiency of 70% for motor dand pump,
the power consumption. per 1lb, of ¢.0,D, per day would be 0,7 KWH,

Conclusion

The pilot plant was capable of oxldizing cannery waste at
a rate of 40U-50 lbs, of C,0.,D, per day, This checks very well
with Prof.Kountz! calculated capacity of 40 pounds of 20 day B,.0.D.
per day,

Pea canning wastec can be successfully treated by this process,

Pea stack waste in the early stages of fermentation can be
trecated, but as fermentation progresses the waste becomes more
difficult to treat and in the later stages is deleterious to the
process, However, this later-stage pea stack waste when well
diluted with corn waste can be trcated without serious interference,

Though good results were not obtained in treating corn waste
due to the interfercnce from pea stack waste, it was felt that the
plant could handle corn waste successfully,

The sludge produced was very stable and had the ¢apacity to
handle heavy overloads and rocover quickly afterwards,

Two difficulties were encountered that changes in designmmigat
overcome, (1) With settled solids in the range of 95-98 per cent,
it is difficult to separate a clear effluent, (2) The high rate of
recirculating of the sludge means that some of the waste has a very
short contact time, resulting in & higher B,0.,D, content in the
effluent than is desirable, '

A tableé of the results for the whole period of the research is
given below,
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CANADIAN_CANNERS LTD, PLANT AT EXETER

STULEE —Cul BI0TS DAY CALS
SETTLEABLE RAW EFFL. % {1 Day Riw EFFL, % TREATED
DATE _[Sus.SOLIDS _SoL|DS V. INDEX PEM____ PPM ___REMOVAL REMOVAL PPM PRM___ REMOVAL
Juy 17 1626 12 118 2623 - 116 96,2 7,6 400
18 1200 14,5 120 2428 118 95,3 8,3 896 15 98,3 460
19 1200 24 200 2581 118 ¢5.3 8, 330
20 3748 149 ¢5,7 11,3 315
24 | 1934 3R 165 3633 172 ¢5.2 25,0 720
25 2464 64 260 4072 (86 95,5 28,0 4420 3l 99,3 720
26 | 2924 78 265 3824 197 94,9 26, 720
c27 4835 265 93,8 32,7 720
28 _ 3931 288 92,7 5.3 420
29 4012 98 245 3792 100 71,5 39,1 3920 308 92,1 1440
30 3798 75 198 3303 455 86,2 20,5 500 110 78,0 720
31 5420 98 180 8997 1147 87,3 57,0 1722 413 76,2 720
Aue, 1| 6448 98 152 8369 1673 74,4 48,3 720
END OF [ADJUSTMENT PERIOD
2| soa8 95 188 6255 430 93,2 28, 480
3 5910 430 92,6 20,3 480
4 10174 419 ¢5,9 4,8 480
5 5384 97 180 11328 447 96,1 52,3 5600 153 97,2 480
6 4890 9% 196 6422 507 92,2 20,5 10280 298 96,0 480
7 7016 98 148 9850 460 95,3 44,8 2540 (18 95,3 480
8 2434 95 390 14130 1265 290.0 80,2 3290 450 86,3 63
9| s972 98 164 7409 402 94,6 33,7 480
10 S—— 11233 428 95,9 51,7 480
" 9,9 51,1 180
12 7800 o8 125 94,3 53,5 7000 186 97,3 510
13 7216 o8 135 NO FEED DURING THE
lg 7170 98 136 CLEAN uP
I 6492
19 5920 ;’3 :2{..2 97.2 31,2 9320 184 98,0 210
20 6430 95 i51 95,8 65,1 12920 473 96,3 480
22 | 2990 se 325 230 450 U85 21,3 0
23 | 5538 % 162 3950 454 8.2 50.3 e
: 87,0 33,3 1440
24 2656 316 ’
25 5075 277 3.7 90,6 1912 66,0 140
26 | 6070 97 160 e 27; ] 4.3 — g y L
21| amo o7 203 1876 208 8.8 39,9 1360 9,4 2400
= 88,8 45, 1140 46 95,9 2080
28 3776 55 250 1810 202 . 0
29 | 3750 93 247 1548 202 874 40,2 Soes
0 | 3234 82 270 1204 204 545 31,5 .
3| 203 2 904 57,9 2880
0
SEPT | 2320 209 909 20,2 96
START UF CORN PACK
3 2758 92 330 3190 204 90,7 26.] 2720  S6 97,9 900
4 4010 77 190 3557 693 80,5 27.4 2120 252 88,2 960
S 2771 636  77.2 20,5 960
6 4306 94 217 3374 829 75,3 18,3 720
7 3987 1003 74.7 21,5 720
8 158 552 63,5 6,9 720
9 4005 445 88,8 25,6 4760 176 9,3 720
10 4026 % 230 245 01,8 144 2220 246 08,9 720
MOTOR OPCRATING LARGE PUMR BURNED OUT
18 3720 97 260 3744 255 93,2 16,8 3360 232 93,8 480
19 3624 97 266 4067 217 93,2 21,3 720
20 2296 168 94,3 23,0 10680
21 2893 |55 94,6 39,5 1440
22 1311 157 88,0 16,6 1440
23 2152 92 334 2983 441 85,2 36,6 1480 172 88,4 1440
24 1203 90 745 3327 687 79.4 38.0 4080 418 89,8 1440
25 4160 88 211 8996 958 76,0 43,7 3560 532 85,0 1440
26 4740 67 14 3409 1203 63,0 31,6 1440
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SLUDGE cop 80D 5 DAY GALS
SETTLEABLE RAW EcFL, % 1 Day Raw  EFFL, % TREATED
parg__ sus A PPN REMOVAL DEMOVAL | PPM PPN REMOVAL L
SEPJ 27 5310 1413 73,5 50,2 1440
28 5796 1890 61,3 56,3 1440
29 5040 1962 6,0 44,3 1440
30 3852 1953 49,9 27.4 2430 148 53,5 1440
gcry | 8558 98 114 3708 1359 63,3 33,8 3430 568 82.7 1440
2 6666 98 147 4339 229 71,3 3.1 4720 530 88,8 960
3 6200 o8 160 300] 1229 59,0 38,3 2160
4 5292 100 190 3327 1157 65,0 46,9 2160
S 4122 80 80,6 47,9 1440
6 MO FEED
7 4060 100 245 3294 80) 755 53.9 3440 432 87,6 2i60
8 3664 98 268 4068 576 5.8 5.5 4160 240 94,2 2160
9 32318 98 305 3708 882 78,5 61.4 2360 172 92,7 2160
10 100 325 2448 936 61,6 32,7
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MILL SCALE SEDIMENT PRACTICE
..b'y..
Richard D, Hoak

Mellon Institute
Pittsburgh, Pa,

. The steel indusiry is a large user of water, but it consumes only
a small fraction of its intake. Roughly 75 per cent of the water taken
by a steel mill is used for coolihg and returned to streams practically
unaltered, Conservation of water is practiced increasingly through re-
use of cooling water for other purposes. Process water is needed for
certain operations, such as direct cooling of coke oven gas, washing
blast furnace gas, carrying scale away from rolling mills, and the like,
These waters are more or less contaminated, and they are treated in
various ways before being discharged. The steel industry has long
“recognized its responsibility for preservation of water quality for
downstream uses by supporting research on waste treatment and pollution
control, This paper deals with one aspect of that research,

‘Mill Scale and Stréam Pollution.

The manufacture of various steel products entails rolling hot
metal into desired shapes, Hot steel oxidizes in air, and the film of
oxide scale thus formed must be removed from the metal Jjust before
rolling, This is ordinarily done by directing a water spray onto the
metal surface immediately ahead of the rolls, Most of the scale drops
into a flume and is carried by a stream of water to a scale pit,

Rolling-mill scale is not a waste product. It contains upward of
70 per cent iron as a mixed oxide and is equivalent to high grade iron
ore, For this reason it is recovered as completely as possible for re=
working, Scale particles range in size from an inch or more in breadth
to a micron or less, Roughly 90 per cent of the scale particles settle
. rapidly in water, and recovery of this portion of the total is not a ‘
serious problem, The 10 per cent that settles quite slowly is diffi-
cult to recover in typical scale pits, Opinion is divided over the
desirability or necessity of removing some proportion of this finely
divided material from waste water before it is sent to the sewer, Un=-
fortunately, there is no satisfactory basis for resolving this question,

Regulatory agencies generally maintain, as a matter of principle,
that discharge of suspended solids impairs water quality, Application
of this principle to an actual situation is difficult, There are no
quantitative criteria that can bce used to define the impairment that
would result from various concentrations of different kinds of suspen-
ded solids, In addition, the effect of natural silt is often disregar=-
ded, The general attitude appears to be that discharge of man-made
suspended solids can, and therefore should be limited, It does not
follow, however, that more or less complete removal of man-made sus=-
pended solids from waste water can always be justified on the bhasis of
an improvement in the receiving water, Where such material is a rela=
tively small percentage of the normal load of natural silt its removal
would usually have an inappreciable effect,
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Scale pits vary widely in design, Most of the pits were installed
many years ago, and their sizes and shapes were usually dictated by the
available space and location, The object was to recover most of the
heavy scale for smelting in open hearths or blast furnaces after sin-
tering, Discharge of particles too fine for easy recovery did not
seem to have a significant effect on the receiving water, On thg
other hand, salvage of the coarse particles had to be rather efficient
if clogged scwers were to be avoided, The increasing attention being
given to the presumed effects of various kinds of waste waters has made
it necessary to appraise the effectiveness of mill scale recovery
practice. The first step in such an appraisal is to measure the
efficiency of existing equipment, Following this, it will be necces-
sary to evaluate the effects on water quality of suspended solids now
being discharged. Then, where water quality is actually being impaired
means will have to be developed to reduce the discharge to an accept-
able level,

Flue Dust Recovery Practice.

Rolling mills are not the only sources of water-borne suspended
solids in the steel industry. Blast furnace gas contains considerable
particulate matter (flue dust) which must be remnoved before the gas
can be used as a fuel, The dust is nearly always washed from the gas
with water, and the resulting suspension is clarified by sedimentation,
Although some mills had a fair idea of the effectiveness of their dust
recovery equipment, the industry as a whole did not know very much
about the efficiency of its dust recovery practices, As a result, the
Steel Industry Action Committee of the Ohio River Valley Vater Sanita=-
tion Commission (ORSANCO) conducted a survey at the 23 mills operating
blast furnaces along the Monongahela and Ohio Rivers., Before making
the survey it was necessary to develop uniform sampling and analytical
procedures, This was undertaken by the American Iron and Steel
Institute Fellowship,

The concentration of suspended solids in gas-washer water fluctu-
ates over a wide range as a function of normal variations in furnace
operation, Thus it was essential to develop a sampling proceduré that
would provide data truly representative of clarifier performance, An
intensive study was made at a typical clarifier installation to estab-
lish a proper sampling program, Samples of influent and effluent were
collected at 20-minute intervals for two hours on each of 23 days over
a period of two months and analyzed individually, The results wvere
compared with data from hourly samples collected over a 24-hour period
and analyzed individually, and with the results from l5-minute and 60=
minute composite samples collected over the same period, Statistical
analysis of all the data showed that the average of individual samples
over a 24-hour period was within the confidence interval of samples
taken over a much longer period of clarifier operation, Also, the
composited samples did not deviate enough from 'the long-term averages
to invalidate this method of sample collection, The $survey was, there=-
fore, based on hourly samples composited for 24 hours,

The performance of sedimentation equipment is judged by the effi~
ciency with which it removes settleable solids, But settleable solids
are defined by an arbitrary analytical method originally devised for
domestic sewage, Flue dust particles have a much greater density than
sewage solids and therefore settle more rapidly, Settling rate studies
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on flue dust showed that 80 to 98 per cent of the total suspended
solids settled in 15 minutes, depending upon the initial concentration,
Typical settling curves are shown in Figure 1, It is apparent that the
settling period chosen as a measure of the settleable solids content of
washer water will have a marked effect on the nominal efficiency of a
settling device,

The 60~-minute quiescent settling time prescribed in Standard
Methods was retained in the analytical method developed for the survey,
Although 60-~minute settling provides a large safety factor, this period
is firmly fixed as a measure of settleable solids, The only important
departure from the standard method was the determination of both set-
tleable and nonsettleable solids, by weight, on the same sample portion,
This was done because the rapidity with which scttling occurs makes it
difficult to portion a sample accurately; the recommended procedure
avoids any question about the validity of the analysis,

The performance of flue dust clarifiers was defined by an index
which provides a measure of the effectiveness of removal of settleable
solids, The performance index is given by the relation

Total Influent Suspended Solids - Total Effluent Suspended Solids x 10
Influent Settleable Solids

Questionnaires returned by the 23 operators of blast furnaces in
the Ohio Valley pbrovided data from which flue dust production and re=
covery could be evaluated, The results of the survey have been pub-
lished by ORSANCO under the title, "Dust Recovery Practice at Blast
Furnaces,"

Mill Scale vs, Flue Dust,

The useful information derived from the flue dust survey led
natunally to a proposal that a‘similar evaluation be made of mill
scale recovery, This, however, turned out to be a much more difficult
problem, Although the concentration of suspended solids in blast
furnace gas-washer water fluctuates widely, it is possible to deter-
mine "the average concentration by a statistically sound sampling pro=-
gram, This permits calculation of a material balance on recovery
equipment, In spite of the wide range of concentration of suspended
solids in gas-washer water the particles are small enough to stay in
suspension where there is only moderate turbulence, This is not true
of mill scale, The heavy pieces of scale flow along the bottom of the
flume that carries the scale away from the 'rolling mills and only the
finer particles are suspended in the wvater, The non-uniformity of the
suspension makes it impossible to collect represcentative samples of
scale flowing to a recovery pit, and a material bhalance cannot be made
directly,

Evaluation of Scale-~Pit Performance.

It i1s the finely-divided scale particles that are difficult to
remove in conventional scale pits, Therefore, the first approach to
the problem was an attempt to evaluate scale-pit efficiency in terms
of its efflectiveness in settling particles coarser than sowe critical
size, DParticle-size distribution analyses were made upon many influw-
ent and effluent samples from a number of scale pits, 7The results were
quite erratic because of the difficulty of getting representative
samples, In addition, the smallest particle that could be settled ap=-
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peared to vary with pit design and operation, as well as with the
kind of stock being rolled,

The problem was next attacked by collecting laboratory data on
the settling rate of particles flowing into scale pits. This was done
by scooping a quantity of water from the flume and quickly decanting
it into a series of liter beakers. The concentration of particles in
suspension at various intervals of time was determined by syphoning
250 ml from the midpoint of a beaker and flltering, A group of set-
tling-rate curves is shown in Figure 2, These data were collected in
the course of sampling several scale pits. The pits were cleaned be-
fore and after each run, The average concentration of total influent
suspended solids was calculated from the weight of scale dredged, the
flow of water, and the average concentration of total efflucnt sus-
pended solids; the influent concentration is shown for each curve, A
comparison of these curves with thdése of Figure 1 shows that mill scale
settles much faster than flue dust,

The accuracy with which scale~pit effluents can be sampled has
often been questioned, A continuous sampler appeared to offer the best
chance of getting representative samples, and a suitable device was
developed, It consists of a vertical pipe through which a considerable
volume of effluent is lifted by an air ejector at a steady rate. The
water discharges into a disengaging chamber from which a small stream
is drawn at o constant rate to provide samples at any desired frequ-
ency, It was thought that the continuous sampler might not pick up
particles as heavy as would be caught in a grab sample, A comparison
was made by passing a series of continuous and grab samples through a
set of screcns, This showed that the two methods are equivalent, but
that the countinuous sampler furnishes a more precice average anaiysis.

A study of scveral pits under quite different operating condi-
tions has provided information that may lead to a practical method
for evaluating pit performance,

The difterence betieen settling suspended solids in a laboratory
beaker and in a scale pit is found in the degree of turbulence, The
velocity head of the influent stream must be dissipated in order to
have quiesceut settling, and it is the degree to which this is ac-
complished that determines the relationship between theoretical re=-
tention time and equivalent gquiescent settling time, A very interest-
ing point emerges when laboratory settling data are extrapolated on
semi-log paper., Vhere the concentration of suspended solids in a pit
etfluent intersects tne pertinent settling curve the equivalent
quiescent settling time is found to b¢ roughly 0.1 minute. Four
settling curves are shown in Figure 3, Iniluent solids remaining in
suspension were determined after quiescent gettling in the laboratory
for several periods of time, and straight lines through the plotted
points were extended to the ordinate, The data are given bLelow,
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NSS in Influent, ppmn TSS, ppm
Pit 5 min 15 min 30 min 60 1min 120 min Influent uoffluent
A~ - 67 38 22 12 873 191
A-2 - 33 26 15 y 4 1099 102
B 73 53 L 28 2L 1122 155
C 147 108 73 50 25 3062 267
D - 201 126 86 - 1615 105

Note: NSS = nonsettleable solids; TSS = total suspended solids

An example will illustrate how equivalent quiescent settling times
are obtained from Figure 3, Extend a straight line from ordinate 191
to its intersection with curve A-l1 and read 0,1 min on the abscissa,
This indicates that, had the influent suspension been allowed to set-
tle quiescently for 0,1 min, the solids in suspension would have been
191 ppm, corresponding to the actual effluent concentration. Unfor-
tunately, a laboratory settling time of five minutes is about the
shortest interval for which dependable data can be obtained, and the
graphical finding cannot be checked experimentally, The curves A-l
and A-2 represent data on a2 pit before and after installation of a
baffle; these curves are not directly comparable, however; because the
rolling schedule was quite different on the two occasions,

An equivalent quiescent settling time of 0,1 min seems scarecely
credible, even though the water in an average scale pit is obviously
quite turbulent, The method used to derive equivalent quiescent set-
tling times may be criticized on the basis that laboratory data were
extrapolated too far,

On the other hand, support for the concept may be found in data
on flue dust, Curve D shows laboratory data on the settling rate of
flue dust, It may be seen that intersection of ordinate 105 with
curve D indicates an equivalent quiescent settling time of 46 min, and

that this result falls within the laboratory data, The data given in
the table above represent averages from four runs on a Dorr clarifier,

Another approacih is possible through the use of Reynold's number
as a criterion of turbulence, Tabulated below are the dimensions
theoretical retentions, equivalent quiescent settling times, dnd ﬁey-
nold!s numbers for three scale pits and a flue-dust clarifier,

Theo, Lquiv,
Dimensions Rotention Settling Reynold's
Plant L D W Time, min _ Time, min _No,
A=2 5010m gron 1010 742 0,06 133,000
B 3510n 9ton 18on 8.5 0,10 114,800
C 6919m 120" 1716M 12.6 0.19 96,000

D 901 diameter 87.0 46,0 24,550
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It can be seen by inspection that there is a relationship between
the three variables, Equivalent quiescent settling times increase with
increascs in theoretical retention times and decrecases in Reynold's
numbers, These data illustrate the fact that the finer the particles
the more difficult it becomes to gettle them in conventional equipment
under normal operating conditions,

Summary

A study of several mill-scale pits and a flue dust clarifier suge
gests that there is a relationship between theoretical retention time,
equivalent quiescent settling time, and Reynold!s number that may pro-
vide a practical method for evaluating and predicting the performance
of sedimentation equipument,

This investigation is still in an early stage, It is being con-
tinued to determine whether the relationship described is valid, and
whether it will have to be refined before it can be put to practical
use,
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COMMERCIAL DEPIHKNOLIZATION OF AMMONIACAL LIQUORS
WITH CENTRIFUGAL EJ{TRACTORS

_by_

Walter E, Carbone
Ralph N. lall

Wilputte Coke Oven Division
- and =

Herbert R, Kaiser
G, Clyde Bazell

Podbielniak, Inc,

The elimination of phenol from coke plant ammonia liquor has been
a problem of major concern to the industry for many years, and in this
connection the Wilputte Coke Oven Division and Semet-Solvay Division
of Allied Chemical Corporation, have devoted consid erable effort over
a period covering more than 25 years towards the development and de-
sign of a phenol removal or recovery plant which will result in an
installation having the features of high efficiency, operating charges
as low as possible, and lowest investment, The type process which ap-
peared to have possibilities of attoining these advantages was the
solvent extraction process, whereby raw ammonia liquor is contracted
counter-currently with a solf¥ent readily available in the coke plant,
such as light oil, The solvent removes the phenol, and in turn is
treated with a cavstic soda solution for extraction of phenol as
sodium carbolate, and thence the solvent is recycled. Various types
of equipment have been used in the process, progressing-from static
decanters for separation of premixed liquor and solvent, to-static
contacting chambers or towers equipped with trays, packing, or other
contacting media,

During the past 15 years, the Podbielniak Corporation developed a
so-called centrifugal extractor having multi-stage, for liquid extrac-
tions, in another industry. 1In 1953, this machine was brought to the
attention of Wilputte's engineering and reseakch departments, and from
previous laboratory scalec tests conducted by Podbielniak this new
machine appeared to have the potential of high phenol removal effic-
iency. In view of this, Wilputte, aided by the previous experience
gained by Podbielniak, proceeded with an intensive research programme
during the major portion of 1954 at the Semet-Solvay Coke Plant in
Ironton, Ohio, whereby a complete pilot unit utilizing Podbielniak
centrifugal extractors was used to dephenolize actunl production
ammonia liquor with light oil continuously,

In 1956, Mr, H, R, Kaiser of Podbielniak, Inc, presented a paper
titled "Dephenolizing with Centrifugal iSxtractors" before a meeting
of the Chicago Blast Furnace & Coke Association, and the pilot plant
investigation was discussed at that time,
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The results obtained in the pilot operatiocn were extremely
encouraging, and it w.s then decided that the Wilpnutte Coke Oven
Division would standardize on this type plant, using data obtained
“ from the pilot operations for design of a full scale conmmercial plant,

In September 1955, the Weirton Steel Company, Division of
National Steel Corporation avarded a contract to 'Jilputte for the
first commercial installation bhaving a capacity to handle 200,000 gals
of weak ammonia liquor. per day, This plant wes oificially placed in
operation December 31, 1956 and has now been in opcration for more
than one year,

SLIDE #1 - Shows the exterior vioew of this plant.,

The building houses the two Podbiclniak extractors, puups,
process control board, and electrical room, Outdoors we have
phenolized and dephenolized liquor tanks, caustic and carbolate
storage tanks, and ammonia liquor coolers,

You may note that,this is a type of installation that lends it-
self readily to good housekecping and casy maintenance,

SLIDE #2 - Shows the interior view of the extractor building.

Note the extractors, control board, etec, The use of the centri-
fugal extractors for handling this considerable volume of liquor
certainly presents a striking comparison to thé tall, large dia-
meter towers required in the static type plant,

A great deal of informtion concerning the centrifugal extractors
is available in the literature and I will not go into detail to
explain the internal construction at this time, HHowever, it is
interesting to compare the rotor with a perforated plate colunmn,
The centrigual contactor is very similar in that the plates of
the columnsare wrapped around a shaft and rotated to develop a
centrifugal force field, which is approximately 2000 times that
available in the gravitational column,

SLIDE ﬁ 3 = Simplified process flow sheet,

Herek a simplified version of the process is shown diagrammati-
cally, and for our purposes, the raw ammonia liquor previously
freed of tar and other solid carbonaccous matter, is pumped from
storage tank (1) and enters the centrifugal extractor (2) where it
flows in a continuous countercurrent wanner to dephenolized light
0il from oil pump tank (4), The dephenolized ammonia liquor then
leaves the extractor (2) and is stored or handled through storage
tank (3) for subsequent treatment in coke plant, The action
taking place in the extractor is one of continuous, countercur-
rent mixing and separation of two liquid phases in the elements of
the spinnings rotor, Due to the absorptive properties of light oil
for phenol, the phenolic compounds are recmoved from the ammonia
liquor during the intimate contacting taking place in the LExtrac-
tor,
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The phenolized oil after passing countercurrently to the ammonia
liquor flows to oil pump tank (5) from which it is pumped to the
certrifigal reactor fé) a machine of substantially the same char-
acteristics as the extractor, ana flows countergurrently to a
caustic solution which is pumped from mixing tank (8), This sol-
ution and phenolized light oil are subjected to"the same action
as described for the Extractor, whereby the caustic reacts with
the phenol, forming sodium carbelate, which flews from centri-
fugal Reactor (6) and is stored in tank (9) preparatory to ship-
ping. The dephenolized light oil flows to oil pump tank (4) and is
recycled for phenol removal, thus completing the cycle,

Perhaps one of the most significant factors established in our
pilot operation was the fact that caustic concentration greatly
influenced per cent elimination of phenol from the ligquor, The
more dilute caustic used, the better the phenol elimination, A
carbolate of reasonable concentration must be produced to be
saleable, and it was found from cur pilot operations that by em-
ploying two streams of caustic of different strength as feeds to
the Reactor, the desired elimination of phenol and concentraticn
of product could be readily obtained, As mentioned, the flow
sheet is a simplified one; in the actual installation a strong
caustic stream is introduced in the phenolized oil after pump
tank (5) and before the pump suction for removal of the bulk of
phenol, and the weak caustic stream is introduced as shown for
removal to final value, The two carbolates produced, as well as
the excess un-reacted caustic, combine near the periphery of the
rotor to form the final strength of carbolate.

The following four slides will show various details of plant construc-
tion as well as extractor design, and each shall be discussed briefly:

SLIDE #lL - Front diagonal view of extractors.

This view shows the arrangement of piping to and from the centri-
fugal contactor. Liquids must be transmitted from the stationary
piping to the rotating element by means of hydraulically balanced
mechanical seals, FEach rotating element is constructed of type

316 stainless steel and is mounted on heavy-duty roller bearings.

SLIDE #5 - Rear view of extractors,

This view shows the manner in which the rotors are driven, These
are gyrol fluid drives which provide an infinte spded range from
zero to motor speed, The Extractor unit operates at 1750 rpm and
the Reactor unit operates at about 1500 rpm, Power is transmitted
from these drives to the rotor by static free belts,

SLIDE #6 - Extractor flow diagram,

‘This slide shows the flow of liquids through the Extractor unit,
Within the spinning rotor, contact and phase separation are ef-
fected continuously and countercurrently by the contact elements,
Liquids are pumped into the rotor via two sets of distribution
manifolds: Shown here; one set is located near the center while
another set is located near the outer diameter of the rotor, The
light oil phase is pumped to the outer manifold and the heavy
ammonia liquor phase is pumped to the inner manifold, In the
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high centrifugal field the heavy phase moves outward, displacing
the light phasé¢ toward the centcér of the rotor, In this manner,
countercurrent flow ic achieved,

The liquids pass through contacting elements in the flow region
to effect intimate mixing; phase separation occurs betweeun the
elements, and eificient extraction results,

Quiet zones at the outer didmeter, and at the center of the rotor
produce clarified effluents, ' Co

Centrifugal force in the‘range of 2000 times gravity insures
positive multistage mixing of the two phases.,

Retention time of the liquids within the rotor is approximately
L5 seconds,

SLIDE #7 - Reaction flow diagram,

This slide shows flow of liquids through the Reactor unit, With-
in this rotor oil and caustic flow ratios are in the order of
150/1, and for efficient dephenolization, 150 gallons of light
oil must be intimately contacted with 1 gallon of caustic solu-
tion, This contact is enhanced by one of the rore important op=-
erating characteristics ol the machine whereby the main inter-
tface is controlled by back pressure regulation,

The back pressure control valve shows in the view acts to restrict
the light liquid out phase, By variation of this restriction

the relative volumes of each phase held within the rotor on the
main interface can be ¢ontrolled and maintained independent of

the actual flow ratios,

In this unit, it is desirable to maintain the rotor almost filled
vith the caustic phase, This is accomplished by maintaining a
minimum back pressure setting.,

We have discussed the various physical aspects of the eirton plant and
some phascs of the cquipment design, and at this time we believe that

a presentative of actual operating data and pérformancé will Le of in-
terest:

SLIDE #8 -~ Graph of operating data,

This slide shows the operating data for a one month pericd,
October 23 to November 23, 1957, plotted in graphical form,

Three curves prepared from plant laboratory control records of
the Vleirton Steel Corporation are shown; phenol content of raw
liquor, phenol content of treated liquor and the removal effic-
iency,

Samples were taken at 2-hour intervals and combined to form com-
posite samples, representative of a 24-hour period of operation,
Analyses were determined by the colorimetric method which is now
the standard method employed by most coke plant laboratories and
is known as the DAAP or the 4 amino-antipyrene method,
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Note that the average phenol content of raw or untreated liquor
is approximately 3000 FPM.

Following treatment, this phenol value was reduced to about 35
PPM, ' '

Calculation of percent phenol eliminated shows an overall ef-
ficiency of approximately 98.8%,

The average removal efficiency throughout this period was between
98.2% and 99.5%, It is interesting to note that 99.0% elimination
or better was achieved on thirteen days of the period shown,

The peaks noted on November 13 and 17 on the phenol removal curve
are rather unusual, and we believe these are probably due to some
errors made when samples were obtained, or contamination occurring
when the composite samples were accumuiated.

Caustic consumption throughout this period was maintained con-
tinuously at one pound of caustic per pound of entering phenol.

In order to maintain this caustic ratio, the solution flow rates

were periodically adjusted by the operator from a precalculated
f?art based on phenol ccontent_and flow rate of untreated ammonia
iquor.

While some variation in light oil to liquor flow ratios took
place during the period, the ratio was generally about 1,25 to 1.0,

SLIDE #9 - Extractor Operating Data:

The normal plant operation for the Extractor unit is shown by this
slide,

The rotor is operated at about 1750 RPM, Liquor is received at
the plant at about 65°C and cooled to about L0OC in shell and tube
type coolers prior to entering the Extractor unit,

Weak liquor flow is maintained at plant production rate which is
about 110 GPM: light oil flow is maintained in a ratio to the
liquor flow of about 1.25/1 0,

Inlet pressure of the weak liquor feed is about 90 psig, whereas
the light oil inlet pressure is 155 psig.

SLIDE ;10 - Reactor Operating Data:

This slide shows the operating conditions at the Reactor unit as
it is operated in conjunction with the Extractor unit,

The speed of the rotor on this unit is maintained at about 1500
RPM.

The next two slides will show the actual phenol concentration data and
operating requirements that are representative of present day
operation at Weirton:
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SLIDE #1). - Typical process values.

lindly note the various values, particularly the carbolate
strength; this is actuval production concentration without eva-
poration,

SLIDE #12 - Process, utility and labor requirements,

This slide is a tabulation of the various-operating reguirements
comprising caustic, clectric power, steam, water and air, The
direct labour requirements aiount to one man per shift, with the

" plant laboratory performing the various rhenol determinations as
part of its routine, Item 7 is an attemnt to specify anticipa-
ted maintenance, and is based on our experience to date,

In connection with the various process requirements, we should
like to point out that the solvent hold-up for the entire system,
comprising extractors, pump tanks, piping, etc, is less than
1000 gals, This volunie is less than 2% of the total solvent
hold-up (65,000 gals.) required for a static-type plant of
comparable iiquor handling capacity and efficiency, a rather
startling comparison,

The solvent, or light oil, loss in this type of dephenolization
plant is pratically negligible; the principal points of losses
being the very small amount from the pump tank vents and any
pump packing leakage, The solvent dissolved in the dephenolized
liquor will be returned to the gas stream following distillation
in the ammonia still,

At this time we would like to review a few of the difficulties
experienced in the initial operutions which, I am sure, you will
agree can bé considered normal for all new plant developments,

Without going into the minor plant irregularities, there were
two main sources of trouble encountered that seriously affected
the operation of the new plant. In their order of importance
they were (1) contaminated weak liquor and (2) mechanical seals
on the extractors,

It is a fact that the ammoniacal liquor produced in coke plants,
which we consider normal liquor, gencrally contains, in addition
to ammonia and phenol, other impurities such as dissolved acid
gases and salts, varying amounts of organic materials such as
haphthalene, tars, tar oils, and insoluable carbonaceous material.

These components comprising tars and carbonaceous materials con-
stitute a serious detriment to satisfactory phenol plant opera-
tions because of emulsification tendencies with system solvent
and plugging or fouling of apparatus, neccssitating periodic
shut-down or by-passing of certain equipment for cleaning pur-
poses,

In our start-up operations, this was exactly the case, Rcla=-
tively clean liquor brought about an extended run, however, a
slug of tar would shut the plant down almost immediately, This
is the end effect in a system having 'an extremely low hold-up,
which magnified liquor contamination,
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It became apparent that we should do all possible to clarily the
feed liquor to promote maximum operating time and avoid em=-
ulsificatien and plugging difficulties,

This was accomplished by pre-washing the raw ammonia liquor
with a small stream of dephenolized light oil before the liquor
coolers, then subsequently decanting the contaminated oil before
feeding the liquor to the Extractor unit, The tars, naphthalene
and carbonaceous materials in the liquor are either soluble in,
or affected by, a specific gravity chunge whereby all materials
remain in the iight oil wash layer,

This contaminated oil wash layer is periodically drained and
processed through the ceke plant for recovery of the light oil.

The normal dilution rate of fresh light oil for purpose of main-
taining quality of system solvent is 2000 gals, per day, This
2000 guls, per day is that volume of dephenolized system solvent
used for clarification of the weak liquor.

Mechanical seal difficulties were troublesome during the initial
operations, Primarily this was due to heat checking of the hard
face seals because of the poor lubricating qualities of system
solvent, '

Some experimentation was necessary to select better materials of
construction and it was found that Ni-Resist had superior all
around qualities and therefore was adopted for our work, In
addition, our operating experience with mechanical seals re-
vealed the necessity for correcting the hydraulic balance for
higher pressure values than originally contemplated.

Generally speaking, this completes our paper on commercial de=-
phenolization of ammoniacal liquor by centrifugal extraction as
it is carried out daily at the %Weirton plant, It un-doubtedly
will be of interest, that at this moment we are completing en-
gineering for a second installation of this type for the Harriet
plant of our associate Semet-Solvay Division. The plant will
‘have a capacity somewhat greater than the VWelrton installation,
approximately 250,000 gals/day, and will incorporate all the
improvements developed at Weirton, It is expected that this
plant will be in operation during the latter half of 1958,
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- TABLE I -~

- -

PHENOL PLANT
OPERATING DATEH

EXTRACTOR
Speud -RPM-_-.u-n.---o-uoool75o
Wweak Liquor Before Coolers -Temperature °C,,.. 65
weak Liquor Alter Cooler ~Temperature 9C..., 40
Weak Liaquor Flow Rate =OPMs savsavnnssvans 110
Light Oll Flow RdtL “GPi\‘loo.ooguno-nacoo 137
RatiO-Liﬂ‘hf OlJ./quuor -o,opaoll.-ooilollcttl-l/l"/l'c
Weak quuor Inlet Pressure ~P8IG.ssssssanvnsns 90
Light 0il Inlet Pressure =IS[G,.veeeensesees 155
Liuht 0il Cutlet Pressure “P3 Il su snpunpounss 90
IVIOtOI‘ ﬂmp(,r‘es “ssesses0eps00ss 000 214'
Lubrication 0il Pressure ~PSIGe.seeveoveeene 32

- TABLE 2 -

PHENOL FLANT

OPERATIMNG DaTA

REACTOR
Speed. "'RPIl'oo'-co--onco-ols(-D
Light Cil Flow Rate ~GPlly sssasnsvinsses 150
Light Oil ]-Illet FI"ESSUI‘G “'PS.[G..O!-.t-nouuoo 85
Light 0il Outlet Pressure wPOLGy s vowssmnseves TO
Light 0il Cutlet Temperature ~0C......cveceoeoes Ll
Weak Caustic Inlet Pressure =PBLlGs sanssvnessonss U
Strong Caustic lnlet Iressure =PSIG..esseseversen 2
weak Caustic Flow Rate wOPHu ¢ sonnssnnusawe 2L
Strong Caustic Flow Rate =GFH; so0s e vagonnanas 40
I‘IIOtOI' Amper‘es ™arnev s e e e Te e ve e 24

Lubrication 0il Prescure =PSIGascaresecesees Lb
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- TABLE 3 =

- . e - -

PHENOL PLANT
OPERATING DATA

TYPICAL PROCESS VALUZS FOR PRESENT OPERATIONS

PhenoliZEd Liquor.o-ooooo'o.oPPM Phenol 0000!0""2520
Dephen01ized Liquor..........PPM PhenOl seevsev s 36
Removal EffiCiencyposo.ooo.t--oo.loo% 0000.0000.9806

Phenolized Oil..veeessessesss PP Phenol vesesesssel860

Dephenolized Oilesecesassssss PPM Phenol oouvvecnss 52
0il to Liquor Feed Ratio coinmnnnidibhedfleD
Carbolate
Total Alkalinity...........GPL a6 0 000w 0 240
(Calculated as NaOH)
Tar Acid Content (wet)......-...-% evecesvree 36
- TABLE 4 -~

PHENOL PLANT
OPERATING DATA

PROCESS, UTILITY AND LABOR REQUIREMENTS

1-Caustie-1 1b,/1b, Phenol
2-Elcctric powar-100 kilowatts
3-Steam-None required for processing or concentration,
Steam is used only for steam tracing and tank
warming in winter,
L-Water-Small quantity for process requirements-Approximately
40 gals,/hr, for caustic solution (eity water),
3/L gal. of mill water/gal. weak liquor treated, for
liquor cooling; yearly average.
This quantityv is required for any process since weak
liquor from Flushing Liquor system must be cooled,
5=-Air ~Instrument air only,
6-Labor-One man per shift,
7-Normal Operating Maintenance-
From our experience to date, we feel that maintenance
will comprise the following:
&a; Normal pump packing,
b) Mechanical seals-should be good [or one year,
(¢) Machine cleaning-Cleaning required once every
two months, Two machines require 6 hours time,
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APPROACH TO THE TREATMMNT OF REFINERY WASTES

- ——————

Dr,_ J,D. Frame

Assistant tvo Vice-Fresident
Cities Service Research Co,
New York City, U. 5. A.

The approach to the treatment of refinery wastes is to a large
extent determined by the philosophy of management, Most everyone will
agree, in principle, that water pollution siould be controlled. How-
ever, the development of adequate controls which can best serve the
interests of both the individual user and the gencral public is dif=-
ficult, In some areas little effort has becn made to ecstablish any
type of controls, in others, such as the Province of Ontario, grect
advancements have been made in the restoration aand conservation of a
valuable natural resource, ''his has been acccmplished through the
timely and intelligent administration of the Ontario Water lesources
Coummission and its affiliated groups, llowever, the existence of a
central agency for pollution control does not, in effect, relieve an
individual user of any of the responsibility for maintaining the re-
ceiving waters in a condition fit for beneficial use by others, Thus,
I firmly believe that, in the cauvse of industry, management nust
recognize and accept the responsibility, This, the managemcnt of
Cities Service 0il-Co,, Ltd, and Citics Service Company as & whole has
done. As a result, we are currently continuning at all five of our
refineries, waste control programs which arc specifically designed to
permit each refinery to develop and expand its waste treatient facilie
ties in light of present and anticipated future conditions,

I feel sure that some of you have heard that Cities Service 0Oil
Co., Ltd., is planning to install a rather unique and very complete
wastes treatment plant at its new refinery in Bronte, Ontario, This
is true and is the result of the expressed wishes of management that
the effluent from this refinery will in no way interferé with the
interests of its neighbours or of the public in gcneral,

In closing I wish to ask a favor of you, To date, the planning
on the treatment facilities has not been finalizecd nor obviously do we
have any operating data, For these reasons it would be greatly appre-
ciated if' you would not at this time raise-any questions with respect
to the planning at this refinery, However, the company would like to
extend an invitation to adl, who may be interested, to visit the re-
finery, following the dedication,
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THE EFFECT OF PULP AND PAPER MILL WASTES ON AQUATIC LIFE

- by -
Willis M, Van Horn

The Institute of Paper Chemistry
Appleton, Yisconsin

On the North American Continent, and, I suspect en ethers as
well, we are faced with a real problem of conservation particularly
as it relates to wood and water, Water, as we all know is, quantity
wise, a stable resource, That is, to say, there is just so much of
it on the face of the earth, and while man may alter its position or
quality, he cannot affect the quantity, By now, it is a somewhat
well-woern cliche to say that as our population grows, and as the
effects of this pepulation growth is manifested on the quality of our
surface waters, it will become increasingly important to us to learn
how to manage the water resource so that it can meet the increased
demands placed upon it,

The wood resource, on the other hand, is a renewable resource,
as is the case of anything that reproduces by natural means, and
grows, The amount of wood that can be produced en the continent will
be dependent upon how skillfully we can manage our woodlands in the
light of present knowledge and, also, in the light of new discoveries
as yet unmade.

The pulp and paper industry has not, as yet, discovered hew to
make pulp and paper out of this wood without using large quantities
of water, This industry is certainly in a unique, if paradoxical,
position, It manages large wooded areas for the production of wood
and in so doing provides an environment that equalizes the run-off
of precipitation, or in other words, its watersheds not only
produce weod, they also aid in stabilizing the water supply.

But when this water and wood come together in a pulp mill the
wood is reduced to fiber, and the nonfibrous part of the wood--up to
about 50% of the total wood volume in some cases--may be added to
the water and returned to the stream, Added to this may be certain
chemical compounds which are incidental to the pulping and paper-
making process,

This brings the industry face to face with one of its most
pressing problems, namely, how to utilize the wood resource without
seriously harming the water resources, Before we can begin to arrive
at the answer to this question we need to know more precisely how
and to what extent pulp and paper waste waters affect the stream life.

It will be useful here to consider for a moment what we mean
by aquatic life, Much of the concern of biologists is directed to
the welfare of fish themselves, but the weter life complex involves
many other forms., Perhaps the lowest form in this complex are the
bacteria, algae, and single-celled animals known as protozoans,
The bacteria and pratozoans act as scavengers, whereas the algae,
being for the most part chlorophyll bearing, behave much the same as
any other plant, For our purposes here we can censider that the next
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higher-forms are the plankton orgenisms, These are both plant and
animal, but have the common characteristic of not having well-devel-
oped locomotor fgcilities and are therefore at the mercy of water
currents, Another important group for coisideration are the so-
called bottom dwellers, such as molluscs, aquatic insect larvae and
certain higher forms including the crayfish, etc. Then, of course,
there are fish,

The important point to remember about the aquatic life complex
are that its units are inter-dependent, ILach group, with the possi=-
ble exception of the-algac, feed on-one another, the fish for exemple,
may fced on plankton, insect larvae, and other higher forms,

Nature-being what it is, all these forms may exist in the same
environment, competing with one another for survival, It is tiis com=
petition that operates to keep the number of any onc species more or
less stabilized at a level commensurate-with tle natural character of
the environment, If man does something, such as adding a pollutant,
to the aquatic environment, he introduces a new condition and this
may upset the whole complex balance which nature, if left alone,
would maintain, The purpose of this discussion is to examine how this
natural balance can be upset when pulp and/or paper mill wastes are
added to a stream,

Generally speaking any type of waste mateérial may affect the
stream in one or more of three different ways, It may contain, for
example, materials which are toxic-or poisonous. When such materials
are present in high enough amounts, the wiole fauna may be destroyed.
Another way a waste may affect a stream is by depressing dissolved
oxygen concentrations of water. Most materials of this type are or-
ganic in nature, containing substances which are available to bacter-
ia only, Their presence stimulates the reproduction and growth of
these forms to the point where their combined oxygen requirements
may exceed the available supply, Incidentally the oxygen these micro=
organisms require in the process’of stabilizing the waste is called
Biochemical Oxygen Demand (B,O,D,), Of all pulp and paper mill pol-
lution problems, those associated with oxygen balance are the moct
widespread and the most serious. Finully, a waste may contain inert
materials, resistant to breakdown, that maintain their form and sub=-
stance indefinitely when passed to a stream, Such materials usually
settle on the bottom of a waterway, and depending on théir amount,
may seriously interfere with bottom life even to the point of destroy-
ing it.

Our purpose now is to examine waste waters from pulp and paper
mills in the light of the three pollutional possibilities which we
have just mentioned, It should be borue in mind that each stream and
each mill variec so widely that this discussion can deal only in
generalities,

The Qucstion of Toxicity,

Various studies have bLeen made from time to time on the toxicity
of pulp and paper mill wastes., Among the first of these were those
of Dr, A, E. Cole., He workcd on both spent sulfite liquor and kraft
pulping wastes, He concluded that under normal circumstances spent
sulfite liquor created no problem of toxicity. DMore recently this
question has been reopened in the Statc of UWashington where evidence
has been informally presented indicated that oysters may be affected
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by relatively small concentrations of spent sulfite liquor. 1In this
case it seems apparent that more evidénce must be developed before
any definite conclusions can be drawn,

Many workers, both in Sweden and in North /America have studied
the potentially toxic aspects of draft waste waters. The results from
our laboratory are shown in Table I,

TABLE I
THE MINIMUM LETHAL CONCENTRATION OF KRAFT PULP WASTE COMPONENTS
AFFECTING MINNOWS, DAPL [A AND TWO KINDS OF AQUATIC
INSECT LARVAE

Minimum Lethal Concentration, p.p.m

Hay flylchironomus

Minnows Daphnia larvae larvae
Sodium hydroxide 100,0 100.0 100,0 700.0
Sodium sulphide 3.0 10,0 1,0 1000,0
Hydrogen sulphide 1.0 1,0 1.0 750,0
Methyl Mercaptan 0.5 1.0 1.0 50,0
Crude sulphate soap 50 5.0 10,0 50.0

Sodium salt of resin acid

fraction of crude sul-

phate soap 1.0 3.0
Sodium salt of fatty

acid fraction of crude

sulphate soap 5.0 1.0

lMay fly larvae used were of the genera Blasturus and Leptophlebia,

Tt will be noted that those kraft waste components-having the
highest ‘potentially toxic-properties are sodium sulfide, hydrogen
sulfide, methyl mercaptan, sulfate soap, and the components of such
soap.

Several years-ago, in co-operation with the National Council for
Stream Improvement, we made an extensive study of these components in
a number of kraft mill waste waters, At the same time we determined
the dilution ratio between the volume of sewer discharge as compared
to river discharge., The results firom the "worst" mill are contained
in Table II,

Once having the actual concentrations in the waste, we divided
these values by the dilution ratio, thus calc¢ulating the probable con-
centration in the river after total dilution, Comparing these values
with the lethal concentrations in Table I, it was concluded that,
under normal conditions, assuming that the mill is operated with rea-
sonable care, there need be no toxicity hazard resulting from a kraft
mill operation, It should be noted that at the time these studies
were made the mills under study did not have the modern washing and
other liquor conservation facilities characteristic of modern mills,

The other area of the industry where a potential toxicity prob-
lem may be encountered is in the manufacture of paper, Depending on
the type of furnish used, some machines have a tendency to develop
bacterial slimes, OSuch slimes interfere with sheet formation and may
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TABLE JI

A TYPICAL NORTHERN KRAFT MILL
Sulphides

THE RESULTS OF WASTE WATER ANALYSES OF
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cause holes and discoloration in the sheet. Tb remedy this situation
various biocides are added to the machine water system, !Je have con-
ducted extensive bioassay tests on uany of these agents., One of

these is phenylmercuric acetate which has a minimal lethal concentra-
tion of 0,02 p.p.m., another is sodium pentachlorophenate with a mini-
mum lethal concentration of 0,2 p.p.m. Outside of chlorine, the toxic
action of which is quickly dissipated in a machine system, most

agents now in use are either omre of these two agents, or combinations
of them, They are usually used in a machine system in concentrations
up to 5 p.p.m. However, now-a-days paper machines are operated so
that there is a minimum of water loss to the sewer and this serves
also ' to minimize the loss of biocides, The author has yet to find a
case, in the United States, whsre the use of slime biocides consti-
tutes a hazard to aquatic life,

The Question of Biochemical Oxygsen Demand,

It was stated above that the problem of maintaining an adequate
oxygen balance in the receiving streams is the most serious waste
disposal problem facing the pulp and paper industry. It may be of
interest to examine, for a moment, the B,0,D. loading of the various
pulp and paper operations, If no attempt is made at recovery, the
spent liquor resulting from the manufacture of a ton of sulfite pulp
will require about 500 pounds of oxygen from the stream. Bleaching
will add up to 4O pounds additional in any type of pulp. Unbleached
kraft pulp has a B.0.D, loading of from 20 to 40 pounds per ton of
pulp produced, Neutral sulfite sémichemical pulp averages around 200
pounds of B,0.D, per ton produced, Groundwood pulp requires about
5 pounds of B,0.D, per ton. This is true also for the manufacture of
paper,

Tt is interesting to note the biological changes which may take
place in a stream in the face of an unbalanced oxygen situation, It
will be recalled that-the complex consists of bacteria, plankton,
botEOm dwelling forms, such as aquatic insect larvae and minnows and
fish,

tlhen the oxygen balance of a stream is disturbed the first forms
to disappear are certain aquatic insect larvae, especially certain
May and Caddis fly larvae, If more serious cohditions prevail the
midge larvae are destroyed. In extreme cases of pollution the only
forms remaining may be the mstailed maggot (an air breathgr) and
tubifex worms,

A most interesting observation is the way in which game fish may
respond to this population change, Stomach content-analyses indicate
that in c¢lean water such fish fced mainly on Caddis, May and stonefly
larvae, Some midge larvae arc also taken, When these forms disap-
pear there is a tendency for the game fish to search out new areas
where such forms do-‘occur, Certain so-called rough fish, such as
suckers and buffalo, being in part at least, vegetarian, may remain
in unbalanced streams indefinitely,

Thesé bottom dwelling forms are quite widely used as indicator
organisms, Biologists generally agree that if there is a widoe spec-
trum of aquatic insect larvae, for example, in a stream, then that
stream may be considered clean, If the population shifts to predomi-
nantly midge larvae, the stream is considered unbalanced, or semipol=-
luted, Finally if the population is almost wholly tubifex worms the
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stream is said to be polluted,

There are, of course, exceptions to this general rule, The
writer has studied many unpolluted streams, particularly in the south-
eastern part of the United States where the normal, unpolluted popula-
tion is predominantly midge larvae: In such cases it must be conclu-
ded that some environmental factor, other than oxygen unbalance, is
the cause of the population shift, It is in such instances that a
study of a waterway before the mill is built is so important,

In any event it is possible, by studying the nature of an aquatic
population, to gage the general condition of a stream as related to
the oxygen resources of thet stream, The method is of value not only
in measuring stream pollution, but also, stream improvement as a re=-
sult of remedial treatment operations,

The Quastion of Inert Solids.

For the most part this area of stream economy as related to the
pulp and paper industry is less troublesome today than it was in fecre
mer years, In times past the most serious problem was caused by the
passage of wasted or lost cellulose fibers, Such fibers undergo
decomposition very slowly and would form, in some cases, extensive
deposits on the bottom of the stream, Wien tihis happened a normal
bottom fauna could not develop and the fish-fish food relations was
seriously disrupted,

In modern pulp and paper rnills a very serious effort has becn
made, over the past tLwenty years, to install equipment designed to re=-
tain the fiber in‘the mill system, This equipment-is usually in the
form of save-alls, which may be of the vacuum type, gravity settling
or flotation, Table 1II sliows the results of a twenty-ycar effort on
the part of 69 pulp and paper mills in Wisconsin to reduce fiber loss.
It will be noted that in all cases this effort has been significantly
successful, It should also be noted hhat this program has resulted
from close co-operation between the Wisconsin Committee on Water Pol-
lution and the pulp and paper industry of that State, Nor is this
situation unique to Wisconsin, Similar efforts are going forward
through the entire industry both in Canada and the United Ctates,

Summary.,

This has been a generalized discussion of the effects of pulp
and paper mill wastes on aquatic life, Biological studies of the type
described are useful in two ways, They help to define and evaluate
pollution problems, and they are also useful in'measuring stream ime
provement after remedial measures are installed, As was stated in-the
beginning the use of biological measurements will be of real value, in
the years that lie ahead, in enabling the pulp and paper industry to
learn how to utilize the wood rcsource without harming the water re-
source,
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STREAM IMPROVEMENT THROUGH SPRAY DISPOSAL OF SULPHITE LIQUOR
AT THE KIMBERLY-CLARK CORPCRATION, NIAGARA, WISCONSIN MILL

..'by -
R, M, Billings

Kimberly Clarl: Corp.,
Neenah, Wisconsin, U, S. A,

For over 100 miles the Menomince River forms a boundary line
between Northeastern Wisconsin and the Upper Penninsula of IMichlgan,
At Niagara, Wisconsin, six miles southeast of Iron Mountain,
Michigan, Kimbcrly-Clark has been producing groundwood pulp since
1898 and sulphite pulp since 1901, This stretch of the lenominee
flows through rugged country, well wooded and wild even today. '
Jagged bluffs and rock outcroppings lend further beauty to the region,
Because of the ruggedness of the country and the nature of the soil,
much of the area is unsuitable for farming, The mill was located at
the present site because of the presence of Quinnesec Falls which
furnished the much needed power for a pulp mill,

For several decades after the mill was established, no pollution
problem made itself evident, The river ran for miles through
relatively unsettled country. Numerous falls and rapids together
with long stretches of fast moving water made the kMenominee a truly
working stream capable of absorbing sufflicient oxygen to assimilate
all waste material both natural and inducstrial which found its way
into it,

As the years went by, however, the population of the area in-
creased, Cities expanded and new industries sprang up, all of which
depended upon the river for the ultimate disposal of their waste,
This increased population and industrial activity was accompanied by
an increasing demand for power, As a result, power dams were built
.at intervals along the Menominee and motionless pools behind dams
appeared where formerly there had been long stretches of moving water,
Thus not only was the oxygen-demanding load of the Menominee very
markedly increased but its capacity to assimilate that load was
markedly reduced, Added to this was the growing awareness that un-
less ;the use of the natural resource water was carefully controlled
it might not be utilized to provide "the greatest good for the
greatest number of people', The Menomince River was a case in point,
It was agreed that it was and should be a working river and it was
likewise generally agreed that in respect to its oxygen load, it was
overworked,

Accordingly, in the present decade, the regulatory bodies of
both Hichigan and Wisconsin issuved a series oi orders to cities and
industries on the river designed to reduce the waste loading of the
Menominee to bring it back to a satisfactory condition., The orders
specifically issued by Wisconsin to the Kimberly-Clark Corporation,
Niagara !Mill required that we take the nccessary steps and make the
‘necessary installations by Dececmber 31, 1956 to '"reduce the spent
sulphite liquor pollution of the Menominee River to prevent the
occurrence of objectionable conditions',
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The pollutional <haracteristics of spent sulphite liquor are,'of
oourse, very well known, The material exhibits no toxic or bacterial
properties whatsoever to human beings or to fish or to other marine
life but it uses up oxygen at a rate that can adversely affect fish
if the stream is thus overloaded, It has been repeatedly demonstrated
that fish can be kept alive almost indefinitely in water containing
high concentrations of spent sulphite liquor providing that adequate
oxygen is present, To keep oxygen present, however, in the presence
of spent sulphite liquor is the problem, This material has a very
high bio-chemical oxygen demand, For every ton of sulphite manufac=
tured at Niagara, we simultaneously produce spent sulphite liquor con=
taining a five day bio-chemical oxygen dewand running between 600 and
700 pounds,

Methods of Compliance,

All available information on methods of reducing pollution of
this type was studied in order to meet the state's requirements, Any
solution to be satisfactory had to meet two specifications: (1) the
system must reduce pollution to "prevent the occurrence of objection=-
able conditions", and (2) it must be economically feasible, which is
a stilted way of saying it must not cost so much that we could no
longer afford to keep the Niagara Sulphite Mill in operation. The
following were a few of the processes that we considered:

A, Yeast or Specialized Chemicals, We rejected this approach
for reasons of limited markets of the products, the very
large capital outlay required and the uncertain future of the
sulphite process itselfl,

B, Evaporation and Burning, Again, a very large capital outlay
would have been required with a very poor economic return,
Investigations of existing installations indicated that ex-
treme difficulty was being experienced to hreak even in oper-
ation with no return on the initial invcstment,

C., The Use of Spent Sulphite Liquor for Roadbinder, There vere

‘ not enough roads in the Niagara area to make practical this
method of disposal which has been so highly successful at
our Company's mill at Kimberly, Wisconsin,

D, Conversion to Ammonia Base Pulping and Its Improved Liquor
Evaporation Characteristics, This was a possible solution
but the state order did not leave us time enough for the
investigations necessary to arrive at a sound decision on so
important a matter and the large capital outlay was again a
problem, While ammonia-base sulphite pulp gives to paper
certain characteristics, whether or not these characteristics
geredb?st suited to our needs, we were not in a position to

ecideg.,

E. Land Disposal of Spent Sulphite Liquor, The study of this
general method had been underway for several years in the
pilot plant of the Sulphite Pulp Magufacturers Research
League of which Kimberly-Clark is a long-time member, Ve
had been following this development with considerable inter-
est and particularly the Leggue's finding that land disposal
can be highly effective if the land surface is not loaded
with the sulphite solids at too rapid a rate, We decided
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that a commercial installation of this type would best fill
the two requirements stated above even though it would re-
quire a substantial capital cost to install and would inevi=-
tably cost a steady outflow of operating expenses with no
possibility of income to be derived from its use.

Land Disposal

Details of this soil filtration study have been reported by
Wisniewski, Wiley and Lueck. (1) briefly, the Sulphite League had
fed spent sulphite liquor at controlled rates to towers one foot in
diameter and ten feet high for periods up to 64 weeks. Each tower
was filled with a different type of material such as sand, clay or
bark, After the initial period of stabilization, it was found that
the bio~-chemical oxygen demand of the spent liquor was reduced by 50
to 95% in passing through the ten feet of the tower depending upon
the rate of feed and the material with which the tower was packed,
Best results seemed to be obtained where feeds did not exceed one
pound per square yard per day.

When we tackled the job of converting the-League's Pilot Plant
results into a mill scale commercial operation, we faced the diffi-
cult, time-consuming problem of selecting an area that would meet
five requirements:

(1) It must have the proper combination of soil characteristics
to allow suitable percolation of liquor and the requisite
bacterial action.

(2) It must be large enough to accomimodate & disposal of 320,
000 gallons per day of spent sulphite liquor of a concen-
tration of ,625 pounds per gallon to be distributed at no
mare than one pound of solids per square yard per 24 hrs,

3) It must be within accessible distance of the mill,

(4) It must cause no unlawful pollution of underground waters,

(5) It must be far enough removed from human habitation to pre-
vent undesirable spray or odors being carried by the wind,

Selection of the Area,

Two areas met the first three requirements, COne such area was
on the Wisconsin side of the river north of the mill while the second
was on the Michigan side of the river approximately oune mile east of
the mill, To ascertain the probable direction of flow of underground
waters, test wells were drilled, Both areas proved to have from 70
to 90 feet of sand of the right type above the water table, Both
areas were large enough. Both areas were accessible to the mill,

Our first choice was the Wisconsin area but because it was so close
to the village well and to an arca platted for future community ex=-
pansion, we decided to consider the area on the Michigan side,

By great luck, a United States Geodedic Survey was in progress
in the area, This furnished us with an interesting bit of informa-
tion, The rock outcropping shown at the bottom of the accompanying
map and designated by small crosses was of an entirely different for-
Eatéon from the outcropping extending from the mill in an eastwest

and to
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the river some miles east of it. We had assumed that this rock was
all the same geological formation but now with this additional bit

of information, we drilled well #7. We went down 180 feet without
hitting rock indicating that a valley or ravine filled with sand ex-
tended southeast from the proposed spray area, The elevation of the
water table in this well at 895%feet above sea level, as compared to
the 930 foot elevation of the water table beneath the proposed spray
area together with the fact that water tables in existing wells 1/4
mile and 1/2-mile north of the spray area were 950 feet and 952 feet
respectively, indicated that flow would be toward the river at this
point. The ievel of the Menominee at the entrance of the small creek
shown in the lower right-hand corner of the map is 190 feet below the
elevation of the spray area, The Federal geologist for the area con-
curred with our conclusions, The Michigan site, furthermore, was
isolated from any nabitation, the land was covered with a few trees
and some scrub growth and entirely unsuitable for any other use, For
all of these reasons, we selected the Michigan area. '

Armed with the above information, we laid our plans before the
Michigan Water Resources Commission in Lansing. They were much
interested in this new approach to an old problem and co-operated
closely with us in all subsequent developments, Kimberly~Clark filed
a formal request for new water use -- in this case, the use of under-
ground water for disposal. The commission issued an order permitting
the installation, limiting the disposal to a maximum 320,000 gallons
per 24 hours, and specifying that "the spray system shall be regula-
ted and controlled so as to prevent unlawful pollution of underground
waters"., It further required that existing wells on the disposal
site be maintained and used for observation of the conditions and
elevation of underground water, and that samples should be taken at
regular intervals and reports issued to the Commission on May 1, July
1 and October 1 of each year.

Construction.

Construction started in the fall of 1955 with installation of a
60,000 gallon surge tank for spent sulphite liquor. The necessary
piping and pumps were installed in the mill to collect sulphite 1li-
quor from the blowpits and pump it to the surge tank, A four inch
stainless steel line 1,150 feet long was then run from the mill,
across the bridge to the Michigan side where a 6,000 gallon loading
tank was installed. This was necessary because the bridge crossing
the river at this point was not strong enough to take the heavy
loaded trucks and spray equipment,

We had to improve and rebuild one and one-third miles of road
along the Michigan side of the river from the filling tank to the
new spray area, This included cutting the grade for the heavily
loaded tank trucks. In the spray area itself, we built approximately
four miles of road in the form of a rectangle (see map). The Fluid
Mechanics Division of the Kimberly-Clark Research Department de-
signed a gasoline powered pump and spray unit capable of atomizing
spent sulphite liquor to a fine spray and throwing it out to the
side of the road a distance of 4O to 45 feet, This unit was mounted

WOTE When well #7 was drilled, water was first encountered at 895
feet above sea level, In the ensuing weeks, the level gradually
increased to 913 feet where it has held since that time,
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on a trailer and hauled behind the tank truck, The roads mentioned
above wvere laid out in such a fashieon that between the adjacent spray
areas there was a strip 45 to 50 feet wide which would receive only
the mist or vapor of the spray pump proper.

Operation of the System,

From late Spring until early Fall, we test the river daily for
dissolved oxygen and bio~chemical oxvgen demand, The sampling points
just above the mill, one mile below the mill and five miles below
the mill are standard, The sampling point five miles below the mill
which we call station No.3 is the control point, Besides these, we
sample at several points down river each day. The exact locations
are dependent upon river conditions, namely temperature and flow,
The sag in the dissolved oxygen curve varies both in degree and in
location depending upon these two factors, We rarely sample farther
than the dam at the Village of Kremlin which is 19 miles below the
mill, Beyond this point, we have always found complete recovery.

We have arbitrarily set two parts per million as the minimum
concentration of dissolved oxygen which we will maintain, (2) When
dissolved oxygen tests at station No.3, supplemented by down river
testing, indicate that oxygen concentrations are approaching this
point, we begin diverting sulphite liquor to the storage tank and
start hauling to the spray disposal area.

Lach truck of 3,500 gallons capacity pulling a trailer upon
which the gasoline powered pump and pressure unit is mounted, fills
up at the liquor storage tank, Once it reaches the spray area, the
trucks move at a predetermined rate of speed following a definite
schedule, The pressure unit throws out a finely atomized spray for
a distance of 4O to 45 feet on each side of the road., By regulating
the speed of the trucks and the scheduled spraying routes, we hold
maximum loadings to 1.00 pounds solids per square yard per 24 hours
or less, FEach round trip takes slightly less than an hour, Each
truck therefore can haul 100,000 gallons in 24 hours., We are allow-
ed by the Michigan state order to use up to 320,000 gallons of spent
sulphite liquor on the disposal area each day.

We check for any effect upon underground water supplies by
testing wells 1,5,6,8, and 10 (see map) and reprort results three
times a year to the Michigan Committee on Water Resources, So far,
no trace of spent sulphite liquor has occurred in any of the wells,
in spite of the fact that between one and two million gallons were
disposed of in this manner during the trial run of the system in 1956
and 15 million gallons during the summer season in 1957.

To find out what is happening to the sprayed liquor, we take
soil samples from various depths up to 20 feet (see table) with an
ordinary post hole auger, Samples are taken at four different points
for each depth from the spray area, screened through an eight mesh
sieve and composited. Each soil sample is then subjected to the
following arbitrarilv established test procedure,

{1) A two quart sample is placed in a container and ten quarts
of distilled water at 76°F are added,

(2) The mixture is agitated for 15 minutes with a "lightning"
mixture,



Table No, 1
September 10, 1956
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Sample k Ultimate  5-day Lag FFolin-
Depth 20°C B,O.D, B.0.,D, Period Denis
Feet 200C 200C Days PeP.m,
P.PeM, Papom,
Blank .006 23:5 1.6 . 0 -
Area
o5
oD i257 T:1 L.8 3.1 -
2 2118 21,9 122 2,0 -
h 0050- 507 205 0] =
October 10, 1956
Blank .20? 9.3 704 lo? 19
Area
5 +035 102.7 ol 1:3 149
2 158 33.2 25 o 1.0 L7
’+ .098 45.1|- 903 }+.0 19
November 1, 1957
Blank 004 F3.3 1.3 1.2 2
Area
1 «175 9:3 5.% 3:0 144
5 (047 Le7 "6 3.8 I8
10, 125 13:4 9.3 7 36
15(1) ;063 5.2 1.3 1.6 24
20 095 Lhe5 1.9 2eD R2
November 26, 1957
Blank 221, 1,7 1.6 0 12
Area
1 136 8.7 b5 1:6 39
5 <060 2446 8.8 1.8 76
10 2122 3:5 2.1 1.8 36
15 . 096 2ail 1.4 la8 39
. 20 .069 2.8 i 1 1.8 33

() Two distinct rates were obtained:

2222 through four days
and ,063 thereafter,
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(3) The water is drained off and filtered,

(4) Water samples then go to the Sulphite Pulp Manufacturcrs
Research League Loboratory to be analyzed for ultimate
bio-chemical oxygen demand, five day hio-chemical oxygen
demand, the Folin-Denis value and finally the oxidation
rate,

When considering the oxidation rate of an casily oxidizable
substance such as the wood sugars in spent sulphite liquor, a de=
crease in the rate after a time should indicatc decomposition of the
more easily oxidimable substances, The same is true after percola-
tion throuvgh the soil, The values given under the heading "k 20°C
are for a constant ‘calculated from the following relationship:

Lt = L x (1-10-kt), Where L is the demand at the time t and k the
rate constant, This k represents the rate at vhich the biological
oxidation progresses in the BOD bottle, In the soil, however, this
rate is not necessarily constant because of environmental conditions
not present in the bottle, Variations in this rate constant at
various depths should indicate to a degrce changes that have taken
place in the sulphite solids, While the data thus far obtained are
rather wild, this is easily understandable considering the uncontroi=-
led conditions governing this experiment, The figures do generally
indicate a progressive oxidation at the deeper depths, The accepted
oxidation rate for Niagara spent sulphite liquor approximates ,225,
It is of particular interest €0 note that at no depth was a rate
found approaching this figure, This would indicate that sugars are
being decomposed,

In the table two sets of figures are given for BOD, One is the
ultimate BOD and the other the five day BOD, The ultimate BOD repre=-
sents the total demand for oxygen required to completely biologically
oxidizeé the liquor under the particular conditions present in the
sample, The five day BOD is‘the actual demand exerted over a five
day period, It may, however, ‘not be a true five day BOD since in
most'cases shoun in the table, there is a lag up to as-much as four
days, The why of this lag period is not known, It is, however, the
time in days required for the biological oxidation to start at the
rate indicated by the "k" data. There is a general decline in ulti-
mate BOD as the waste percolates to the lower depths, This is con-
sistent with the declining rates as previously mentioned,

The Folin-Denis determination is a colorimetric procedure which
while not specific for lignosulfonates, under the conditions used in
this test can probably be considered a measure of the lignosulfonates
present, When spent sulphite liquor percolates through the soil, some
portion of the lignin will be absorbed by the soil particles and held
firmly. This will continue to a point of saturation, The figures
given in the table represent lignosulfonetes that could be leached
from each particular sample, They can be interpreted to indicate
that liquor sprayed on the surface has penetrated to a depth greater
than the 20 foot depths sampled, TFurther examination of the data
would indicate that the wastes have been well stabilized when they
reached the 15 foot depth,
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The methods of sampling are admittedly rather crude even with
the compositing of the samples. In a 40 acre area, variations will
inevitably be great, The samples submitted for analysis have sel-
dom been clear, even after filtering and once even after centri-
fuging. Absorbtion of lignin by the soil to the saturation point
was experienced in the experimental colunn study of Wisniewski,
Lueck and Wiley, Obviously, in a large area such as we use, there
is no way of controlling degree of saturation or saturation rate,
or of even determining these factors,

We plan to take samples twice a year, The area is sampled in
the Spring before the hauling season starts and again in the fall
at the close of the season., It is expected to have a rather com-
prehensive body of information after several years of operation.

.Smmml

The spray disposal system has proved successful in its first
full season of operation, It has beyomd all argument successfully
accomplished its purpose, namely to reduce the pollutional load on
the Menominee Riyver. The year 1957 brought abnormally low river
flows and high water temperatures, Under these adverse circum-
stances, critical conditions would unquestionably have developed in
the river had the spray system or some equivalently effective treat-
ment technique not been in operation,

To make use of this disposal method, a mill must have an area
available which fulfills the following five conditions:

(1) There must be a sufficient depth of the proper type of soil
above the water table to allow time for suitable bacterial
action,

(2) The area must be large enough t o allow spreading of the
spent sulphite liquor at a concentration not exceeding one
pound per square per 24 hours,

(3) The area must be within accessible distance of the mill,

(4) Erough must be known about the direction of flow of the
underground water to assure that no wells will be polluted.

(5) The area must be far enough removed from habitation to
minimize the undesirable aesthetic effects such as odor,
unsightliness and wind carry of the spray.

As pointed out earlier in this paper, the spray disposal was
chosen despite inherent financial drawbacks:

(1) Substantial Capital Outlay Required for the Installatiens:
The cost to our Niagara lill of install ing spray disposal
exceeded $110,000, This does not include the cost of the
trucks which we lease with the operators from a trucking
concern,
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(2) Continuing Operating Expense: Truck rental alone totals
¥500. a day -when we are using three trucks 24 hours. Road
maintenance, mechanical repairs and storage tank mainten-
ance run into substantial sums,

(3) Lack of any Compensating Income: Since the spent sulphite
Tiquor is spraye irectly into the soil, no by=-product of
any kind is obtained from it,

Without making any charge to the system for depreciation,
insurance or interest on investment, the mere operating cost during
the three months basic spraying season rolled up the impressive added
expense of $1,39 per ton on the total production-of sulphite pulp
produced for the 2ntire calendar year, In short, during the three
month spraying season, we added $5,56 per ton to the cost of sul-
phite pulp manufactured in the mill,

Because of these measurable disadvantages and despitc its un-
questionable effectiveness, we consider spray disposal only a tem=
porary solution. We shall continue it only until research yiélds
a better method that will answer the problem of spent sulphite
liquor and stream improvement, '
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In the public mind, effluents from pulp and paper manufacturing
operations are usually thought of as involving vast amounts of water
carrying either foul-smelling components or large quantities of
suspended matter:; Since the operation described in this paper is
relatively small, it was thought advisable to point up the differ-
ences between it and those more common to our industry,

Newsprint production in this country requires 35,000 to 45,000
gallons of water for every ton of finished paper and the water usage
in the production of other grades of paper is of the same order of
magnitude, When it is considered that an average newsprint mill
produces 40O tons of paper per day, some idea is gained of the vol-
ume of waste water to be sewered., In this country, with wills"
generally situated close to more than adequate supplies of water and
far from large centres of population waste treatment has in the past
become necessary only in isolated cases, However, with ing¢reasing
population and a growing awareness on the part of the public of the
dangers of pollution, management is becoming more and more conscious
of the need for study of waste treatment or better still, waste
utilization,

In brief, wood pulp is produced by three general processes,
mechanical, semi-chemical and chemical, In addition to these, ex-
tensive use is made of pulp produced from waste rapers., LEach type
of pulp offers a distinct problem in waste correction,

Mechanical pulp or groundwood, as the name implies, is made by
grinding the wood into small fibres with an abrasive stone, The only
waste 1s the water soluble material in the wood and the very finest
fibres, Economic considerations make necessary extensive systems of
white water re-circulation in order to recover all possible fibre
and reduce fresh water demands,

By far the greater part of chemical pulping is carried out by
two basically different processes, the acid or sulphite process and
the alkaline or kraft process, Through the ycars the producers of
kraft pulp have worked out methods of chemical recovery involving
evaporation and burning of the spent cooking liquors, In this way
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pollution problems have been minimized, On the other hand, produ-

cers of sulphite pulp have spent countless thousands of dollars on N
study of the spent liquor problem without arriving at any satisfac=-

tory solution, In the normal sulphite process up to 50% of the wood

used is dissolved in the cooking liquors, While in high yield pro-

cesses this pronortion has been reduced to. around 35% no satisfac= -
tory method of disposal has been found for even this amount ,
Although-relatively small markets have been found for Xignin by~

products, the limited nature of these markets has prevented wide-

spread chemical converstion of spent liquors. Similariyy in certain
localities, spent liquor is used as a road binder and dust control on

gravel roads, Again this use is limited by availability of suitable

trucks and the economics of hauling as compared to competitive

materials. It can thus be concluded that efforts to deal with the

spent sulphite liquor problem have met with limited success.

Pulping of waste paper, rags etc, is carried out by caustic
treatment of this material followed by washing and screening., Wastes
carried out in the wash water consist almost entirely of suspended
matter made up of rejected fibre and inorganic material removed from
the raw material, Mills treating this waste have had considerable
success in suspended solids removal using sedimentary type clari=
fiers, In this way up to 75% of the suspended solids is removed,

A mill sewering 5,000,000 gallons per day would require a clarifier
120 feet in diameter with a 10 foot sidewall depth, This would give
the recommended detention time of 3 to L4 hours, In addition, 3
acres of land would be required for sludge drying beds.,

The papermaking process in common with all the pulping proces-
ses has the problem of suspended solids removal, In the pulping
stage this problem has been minimized by a high degree of white .
water recirculation, Where this is not possible in the papermaking
stage, savealls are generally employed, This equipment commonly
takes one of two forms, flotation savealls or vacuum filters., The
former type depends on the sudden release of air from a supersatu-
rated solution of air in the white water, The white water having
been treated with a flocculating agent, the air floats the floc to
the surface where it is skimmed off and the material re-uced.

Vacuum filter savealls as the name implies depend upon filtration of
the white water for removal of suspended solids, The white water is
commonly sweetened with virgin fibre in order to increase the effi-
ciency of the filtration, The clarified water from both types of
saveall finds use as shower water etc, throughout the mill,

Concerning the "Objectives for Water Quality Control in
Ontario" adopted by the Pollution Control Board in 1953, the pulp
and paper industry could be affected by three of the objectives;
those involving pH of the receiving waters, turbidity of wastes and
deoxygenating wastes.

Both the pl and oxygen consuming properties of spent cooking v
liquor could conceivably violate these objectives, However; as has
been mentioned previously most of the mills in this country, being
situated near large water supplies, obtain more than adequate dilu- .
tidn of the effluent, Suspended solids removal accomplished by
white water recirculation, savealls or sedimentation can meet re-
quirements of turbidity control,
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The general picture thep, of the pulp and paper industry, is one
of large scale wgter usage and disposal, Spent liquor studies have
as yet not been successful but in most cases, ample dilution of the
effluent has prevented any harmful eifect on receiving waters, Sus~
pended solids of a fibrous or inorganic nature are successfully re=-
moved by equipment now in use, This equipment handles large volumes
of water and requires considerable control. This picture may be con-
trasted with that of the situation of the coating mill in Georgetown,

This division should more correctly be called a converting
plant rather than a paper mill, No papér is actually manufactured
although a good deal of it is processed., To summarize the operation
one might say that paper is brought in, in rolls from our other
Pivisions and coated with a mixture of kaolin and adhesive, The
web is then passed between the rolls of the supercalendar which
smooth it before it goes to sheet cutting and trimming to be sent
to_the printing shops, Since there are no paper machinés, the large
volumes of water which we have referred to do not exist, True, the
coating is made up dia aqueous medium to be applied to the paper, but
it is very similar to a painting operation and all the liquid that
is present goes on the sheet and is dried in the drier tunnels, It
is obvious then that there is no process water in coating of paper
such as we have described in the manufacture of paper,

Handling as we do, great quantities of clay and adhesives, there
is a good deal of washing tp to be done., It is the water from these
cleaning operations which has given us the problem of cleaning-up the
effluent from the mill., Besides washing out containers, mills, tanks
and other equipment, a good deal of floor washing takes place, There
is also a slight surplus of the coating mixture itself which has to
be gotten rid of,

There has always been some provision to take care of the ef-
fluent water from the Georgetown operation but when the mill was
small and operating on only one shift, it did not present a very
great problem, At one time it was handled in a manner very sipilar
to ordinary domestic sewage in that we had small tanks which would
correspond to septic tanks, with weeping tile drains out under the
land adjoining the mill, These weeping beds filled up and became
useless and so the water was allowed to overflow from the small
settling tanks to the neighbouring stream, In 1951 it became clear
that the volumes passing through our small settling tanks were too
large for adequate settling and so steps were taken to study the
situation and install something more adequate, A weir was construc-
ted to measure the flow but this did not prove satisfactory since the
water came through in surges and it would mean that somebody would
have to stay by the weir 24 hours a day, We, therefore, borrowed a
water meter from the town and put it on the line running from our
settling tanks to the stream, With this instrument we established
that we were putting between 14 and 15 thousand gallons of water to
the river daily, On checking our present flows we find that we are
still maintaining this average quantity, It is interesting to point
out here that this comes to 380 gallons per ton of coated paper made
at Georgetown which is 1% of the volum2 we mentioned for a normal
paper mill, This introduced a real problem when we started to look
for equipment since there were a few who were conversant with such
small scale installations, There were a few pilot plants of very
small capacity but none in the range in which we were interested|




This statement should be modified in'that when we spoke to the
Infil.co Co. of Tucson, Arizona they were quite co-operative and
undertook to design a small clarifier for the volumes that we are
handling., We understood that their cxperience was being gained by
working ‘with the U,3. navy on small portable.installations'’for.var-
ijous camps and shore bases, Scveral flotation methods were investi-
“gated including one wade by this coupany but we were unsuccessful
in our attempts to malce them function. After a good deal of jar
testing and some very crude pilot plant work, we decided on the de-
sign of our installation., We decided we needed a surge tank to take
care of the very irregular flow and thought we were fortunate in
locating a-steel tank at our Port Arthur Division. As things have
turned out, we could do with a much larger tank but since it is in-
stalled, we have made do with it, Ve proposed pumping the water
from this tank with a rubber vane pump to the Infilco Cyclator
Clarifier. Our conception of the problem at that-time was, with a
flow meter and a level recorder on the surge tank, we could adjust
the flow between the surge tank and the cylator so as to maintain
a stéady rate. lle will enlarpge on this aspect later but suffice to
say here that 'this did not work out at all., From the Cyclator . ..
Clarifier the clear water was to 'flow from the top peripheral = . =
through 'to the line to the stream, while the mud was to be discharged
out of the conical bottom by gravity on a time cycle., 'J/e were some=-
what hesitant ‘about this design for the mud discharge but were as-
sured by the manufacturers that ‘it would be satisfactory. A wooden
box was installed to collect this discharged mud from whence it would
be pumped daily to a tank mounted on our mill truck and hauled away
to the mill dump. ' ‘

There may be some here who are not familiar with the internal
design of a ‘clarificr of this nature so we will give you a very
brief summary of its operation. The central draft tube is divided.
into two cylindrical compartments., There is an impeller which .causes
the water to rise up in the central section after it enters in the
centre and as it rises it draws with it some of the niud which already
has been precipitated. This aids in building up a good floc which
flows over the lip of the inner tube into the outer section of the
central draft column, The floc settles down in the outer column and
continues down into the conical base of the clarifier. The clear
water rises up into the angular space between the draft tube and the
wall and overflows into the trough which is located around the out~
side edge. At the base of the cone, there is a valve which is opera-
ted periodically by a clock operated time switch and in the original
conception the mud would drain out and into the box. Because of the
characteristics of the settled material in the Georgetovmn plant, the
mud did not discharge properly out of the cone., Two obvious faults
were observed, one was that the material hung up and so a very slow
sweep arm had to be installed to prevent the material adhering toc
the sides of the cone, The other fault was that the viscosity of
the mud varied and if the material was thinned it would flow out at
a much faster rate than if it was thick, It is readily seen then,
that if the mud became thin it would all clear out of the cone very
rapidly whereas if the mud became thick the discharge would be much
slower and the mud would build up and become even thicker. '
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\'e have already stated that the surge tank we installed was not
large enough for the service we are calling gpon it to do, Our con-
ception of continuous pumping from it to the clarifier was not prac-
tical and so the present system had to be substitued, Wec now run
the pump at a rate fast enough to be equal to the most rapid input
to the surge tank witha level controller to shut off the system
“when the level drops to a predetermined height, We also dlgcgvered
that the volume of mud which we had to remove from the clarifier was
in excess of the size that we had allowed in our mud box, The per-
cent solids was lower than we had anticipated and so we installed a
secondary settling tank. We also put in a positive displacement
pump to move the mud from the first to the second settler and con-
verted the so-called mud box to a waste colour box. We prepare most
of our coating in the neighbourhood of 35 to 40% solids and since we
cannot obtain this concentration in the mud from our cl&rifier it
seemed foolish to dilute this material and reconcentrate it to a
lower concentration, Accordingly, we had special lines put in from
the colour making department for the operators to use when they had
to discharge surplus or spoiled colour.

The pum> between the surge tank and the clarifier has to be of
the self-priming variety since we did not put a pit beside this tank,
Vle alsk found that the rubber vane type pump would not stand up to
the usage we were giving it, not for any reason of defective equip-
ment, but rather that we were asking it to do more than the job for
which it was designed. e settled on a progressive cavity type and
protected it with a settling box and screen. To maintain the liquid
level between limits, this pump runs for a wide range of different
times or periods, The shortest period is about 20 minutes which
moves approximately 500 gallons up to the clarifier., The longest
time it has run.continuously was in PFebruary of last year when it
ran for 8 hours steadily and moved 8900 gallons up to the clarifier,
For the first three months of this 'year the maximum seems to be
5 3/4 hours and 7500 gallons moved. These figures indicate the prob-
lem we have been up against from sporadic flow, When the master
pump shuts off, the chemical feed pumps also shut down. The agita-
tor in the surge tank runs at all times as does the agitator in the
draft tube¢ section of the clarifier and the wall scraper in the
clarifier,

In the original work we did in the laboratory, we discovered
that at least two chemicals were required to precipitate the solid
matter in our waste water. Ve should point out that a good deal of
our manufacturing process is devoted to making clay slurries which
will not separate. Ve also buy a very high grade china clay from
Great Britain and Georgia in the United States with extrenely fine
particle size so that we will get a perfedt glazed surface on our
paper, Uith so much effort being put into making suspensions that
will not settle plus the fact that we use adhesives such as protein
and starch which will act as protective colloids, it is little won-
der that the problem of making this material clarify is very diffi-
cult. Besides the two inorganic chemicals we have found it neces-
sary %o use builders which are relatively expensive organic com-
pounds. To eliminate the necessity of putting in mixing equipment,
we conceived the idea of introducing our chemical solutions into the
pipe line between the surge tank and the clarifier and utilizing the
turbulence in this line, All the cquipment that we have mentioned
thus far is housed in a small wooden building outside the mill pro-
per but the chemical feed pumps are housed in the basement of the



- 82 -

mill.. We therefore bring the pipe in question into the mill to the
chemi¢al feed pump location and then out again to the clarifier,
This means that there are a number of elbows and fairly short runs
which cause more turbulence and give us the time element we need and
also the mixing action we nced,

To emphasize the problem we will quote a few figures which il-
lustrate the extremely high portions of chemicals wec have to use,
Aluminum sulfate is consumed at the rate of 750 parts per million of
water which is equivalent to 3.2 lbs. per finished ton of coated
paper, Calcium chloride is slightly less at 600 parts per million
of the purchase chemical and based on the water, This works out at
2.5 lbs, per ton of coated paper., The expensive organic builders
are used at 85 parts per million which is 0.4 1b. per finished ton.,

Earlier we mentioned that the chemical feed pumps are located
in the basement of the mill, There is a 50 gallon rubber lined tank
feeding each one, which is supplied from a larger tank on the bal-
cony in the colour making department. The connection is made with
butrate pipe and the flow is controlled hy float valves. Butrate
was selected for its chemical resistance, .and for the same reason
one of the solution tanks is reinforced polyester, Plastic valves
also had to be used and we found that the connection into the water
line had to be of chemical resistant material. We will take this
opportunity to discuss the chemistry of our process.

CHEMISTRY OF THIZ PROCESS

The two coagulating chemicals we use are alum or aluminium sul-
fate and calcium chloride, The recaction is usually referred to as
"the double ion éffect" and has been successfully used in coagunla-
ting milk wastes. ‘The waste water with colour in it, contains
ammonium hydroxide, making it basic. e estimate that the maximum
waste water solids are 2% although very few tests have been made of
solids; rather, the maxinmum feed rate of chemicals required for
clarification has been determined by experience, Actually, trial
and error chemistry as opposed to theoretical chemistry is our ap-
proach and seems to be the only practical approach to problems of
our type.

Ve know that our coating clay will digperse ondy at a basic pH;
at an acidic pH, it agglomerates, llence, besides changing the pH or
acidifying, the other functions desired of our chemicals ure to re-
move or nullify the effect of our stabilizing chemicals such as
casein or starch and to build the pinpoint floc first formed into
one which will settle quickly. Ve are not certain of the chemistry;
however, the following reactions are noted as our hypothesis about
the actions;

pH lowered about
(1) GNHQOH.4-A12(864)3 2 units 2Al(0H)3 4 3(NHA)2SOA

30 second delay

(2) (NHA)QSOA + CaCla Cas0y, + 2WH,Cl




- 83 -

During the 30 second delay before calcium sulfate precipitates,
the following may occur:

(3) Ca+*++ or clacium ion + casein calcium caseinate

(L) Al++a 4 casein aluminium caseinate

There is also an action on starch which may be entirely due to
pH change or may be more complex.

A buffering effect 1s inherent from the combination of the weak
aluminium and ammonium ions with chloride and any excess sulfate
ions. The initial surge tank pH of 6,5 to 8,5 is lowered to about
5 to 7 respectively. This buffering control permits us to &add ex-
cess of the coagulating chemicals alum and calcium chloride,

The 'pin point floc is mixed next with gentle agitation with the
builders, This causes further agglomeration of particles and in-
creases the rate of settling very considerably.

Preliminary evaluations of these reactions were done by trial
and error in the laboratory by means of "jar tests". They are excel-
lent to compare clarity of supernatant, fragility of floc, and
bulkiness of floc. However, they are limited for our variable flow
type of problem when a surge tank is not available to sample accura-
tely. ©Small pilot plant equipment would be the only way of accura-
tely evaluating builder action, mud properties, instrumentation, and
surge capacities, without building the full plant. Again, the surge
tank for sampling would be essential,

INTERMITTENT OPERATION,

As explained, our system nas to be run on a start-stop princi-
ple by the level controller. Since settling continues while the
system is off, there is no sludge in the draft tube or central
builder mixing zone each time the system starts. This is not harm-
ful as there is no sludge blanket concept involved now. There is
sufficient clay and gypsum at all times to promote settling by
weighting the floc down, although there is less clay for weighting
on weekends. However, on weekends, there is also less flow, permit-
ting a longer settling time and giving virtually the same effluent
turbidity,

The continued settling and compacting of the mud when the sys-
tem is off increases the mud viscosity, Occasionally, depending on
the length of time between cycles and the rate of mud compaction for
the particular waste, the mud viscosity can increase to the consis-
tency of thin peanut butter, l/hile this thick mud which is about
20% solids is somewhat thixotropic, it has always been found to flow,
even if very slowly, when manually discharged from the primary or
secondary sedimentation units, From both units the pressure is about
7 psi, A very small flow of water with this thick mud lowers the
viscosity markedly, By manually opening a valve in a water line
tapped into the bottom of the clarifier, we can introduce this water
and thus clear the blocked line, However, to prevent these block=
ages, the mud pump must be capable of moving the mud before this
extremely thick condition occurs, Another effect which has caused
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mud line blockages is bridging so that thin water flows out the
bottom even though considerable mud is in the inverted cone under
the primary sedimentation unit. Likely; a bridge or arch forms but
also gases are formed from fermentation, bringing the mud to the
density of water., The mud scraper has eliminated this problem,

Needless to say, the addition of the secondary mud settling or
sedimentation tank has alleviated this problem since wore mud can
be pumped, making thinner mud, The upward flow rate through the
secondary sedimentation tank is always lower than in the primary so
that the effluent will always be as clear or clearer, Also, the mud
concentrating continues in the secondary unit and this unit has been
found to have ample capacity for a day's mud, preventing mud laden
effluent water, .

CONTROLS, INSTRUMENTS, AND ALARMS.

Controls

If our waste water system ran continuously, the controls dis-
cussed here would not be very 'critical, but with our start-stop
operation, they are essential., The two basic controls of the waste
water system are a bubble tube for water level in the surge tank,
and an interval timer for mud discharge. The bubble tube is supplied
with a very small, constant flow of compressed air from the mill
compressed air system., A back pressure is created which is a dir-
ect indication of-surge tank level, l/hen the level and back pressure
rise sufficiently, an accurate pressure switch turns on the progres-
sing cavity pump, and the interval timer., Then, when surge tank
level and back pressure drop by the amount of the pressure switch
differential, the switch disconnects, turning off the whole system.
The waste water system is so wited that-if the progressing cavity
pump motor cuts out on overlead heaters, the whole system will stop
until the overload is manually reset, Also, if the mill air com-
pressor fails, the bubble tube back pressure drops, causing the
whole system to switch off,

The bubble tube was originally installed to actuate the level
recorder but the pressure switch connected to it was found to be an
excellent controller, Floats would likely have jammed in our waste,
An electrical shorting device could not actuate a level recorder,

- The other basic concroller, the interval timer, which runs only
when the bubble tube pressure switch is on, makes an eledtrical
connection for an adjustable percentage of its 15 minute cycle,
When'this electrical connection is made by the timer, the internal
gear, mud pump starts, and by means of a solenoid and compressed air,
a valve opens in the mud line, between the sedimentation unit and
the secondary settling tank. When the timer switcheg off on its 15
minute cycle, the pump stops and the valve closes Lo prevent flow
which might increase the nud viscosity at some point in the pipe,
If the bubble tube pressure switch goes off while the mud pump is on,
the timer's wiring shuts the nud pump off along with the rest of the
system,
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This timer control of the mud pumping was chosen as giving the
greatest control flexibility, that is, a variation of 1 to 100 times
the flow. Rather than a small, cortinuous flow pump which might
block, a large volume, positive displacement pump is considered es-
sential to keep out mud moving, Only one spced gives proper
characteristics for our type of pump so that speed changes were not
suitable for variations.

The bubble tube pressure switch also starts the pruport;oning
pump and a running time meter. Various proportioning pumps have been
used during the course of development but one, two or three can be
plugged in to run when the system is on, While one motor may drive
from one to four pumping heads, all heads have an adjustment so phat
the flow of each chemical solution can be varied, The main require-
ment of the proportioning pump is reliability. The ratio of alum to
calcium chloride is extremely important and should be kept within a
10% tolerance, otherwise a very hard material can form in the sedi-
mentation unit which will block the mud lines. The running time
meter is simply a clock with a counter, reading in tenths of hours,
By measuring the chemical solution supply tank levels and reading
the running time meter every 8 hours, calculation gives the flow
rates for the chemicals, This can be compared with the desired
standard for a -particular flow rate of the progressing cavity pump.

Several other devices are necessary to kecep the waste water
system functioning properly. A flapper type check valve is located
pn the main waste water line just beyond the progressing cavity
punp. Without the check valve, when the pump is worn, there will be
backflow when it is off., This means that acidic water from the
sedimentation unit flows back to the surge tank, decreasing the pH,
With low surge tank solids, acidity causes coagulation or precipita-
tion in the surge tank. While this-coagulated waste, wlien next
pumped up to the sedimentation tanl:;, will give clear effluent, the
floc will be bulky and will not settle nearly as quickly as usual,
This effect is especially severe with one of our types of coating,
Hence, precipitated floc can be carried cver with the effluent water,

The effluent water outlet for the secondary sedimentacion tank
is a pipe which swivels to permit raising and lowering the open end.
Except when removing mud, this pipe is in the top position, If the
open end is lowered to just above the mud level, the clear water can
be decanted and the mud level read from calibrations, If the clear
water were never decanted, mud bridging would occur as it has in the
main sedimentation unit without a mud scraper. However, with an air-
mud interface, the mud will drop quite casily.

Two screeéns are used to prevent the progressing cavity pump
from blocking., One is an open, slanted type screen above the surge
tank, The other is in a metal box on the suction side of the pro-
gressing cavity pump. This box must function under partial vacuum
and hence is built leak proof. Any air entrainment will float the
mud and give dirty effluent, Vhile there is a screen here, the
majority of the residue is sand which settles as the flow rate de-
creases in this box, Knitted cotton "filter socks" are used ahead
of two of the proportioning pumps to trap residues obtained with the
commercial chemicals used. In addition to the screen protection, all
pump motors are overload protected,
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It should be pointed out that one of the fundamental controls, .
involves surge capacity. There are three types of surges wvhich can
plague our system,

1. Waste water volume surges. The volume above normal in the
surge tank, along with the progressing cavity pumping rate
selected, keep these surges within control,

2. Surges or changes in waste water concentrations The
appreciable volume always maintained in the surge tank evens
these concentration changes,

3, Mud volume surges in the primary sedimentation unit. The
large mud storage section here and the higher mud pumping
rate to the secondary sedimentation tank even these fluc-
tuations,

Instruments

Certain instruments are used to indicate and to record char-
acteristics of the system on the waste water panelboard in the Ifills
Test Station. A level recorder for the surge tank level is actuated
by the bubble tube back pressure, This can give a great deal of
information when interpretted by experienced personnel and is sur-
prisingly accurate. There are three pressure gauges which show
significant prassures at various points in the system, .

There is also space on this panelboard for another recorder for
a turbidimeter which we intend to try to invent, This would measure
concentration of particles in the clear water about 3% feet below
the surface of the sedimentation unit. Such an instrument should
record continuously even if the system is in control, so that vari-
ations can be studied and related to changing plant waste conditions,

Alarms

The bubble tube described under "Controls" sets up a back
pressure related to surge tank water lcvel. One pressure switch
connected to this back pressure controls the whole system, However,
another identical switch is connected to this back pressure but set
to switch for a surge tank level just below flooding in case of pump
failure or excessive flow to the curge tank, This switch rings 4
bell near the T&st Station to warn mill personnel who are present at
all hours of the day, 7 days per week, The level recorder in the
mill is very helpful in diagnosing wiat has happened when trouble
occurs and what action is rcquired.

The proposed turbidmeter discussed under "Instruments" would
requife a rccorder, which would likely include a servomotor. Such a »
recorder can be arranged very easily to throw a switch at a set high
turbidity level, The switch could be connected to an alarm bell to
warn plant personnel that something is wrong. Since there is over
an hour time delay at present puaping rates from the time that a
turbidimeter 3% feet below the water would record high turbidity
until this turbid water would leave the mill, corrective action
could be taken during this time., Accordingly, a turbidimeter re-
corder and alarm along with our present high surge tank alarm would
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permit complete control of the waste water system, automatically.
At present, the turbidity observations arc made regularly‘by the
troubléshooter but this is quite expensive in terms of sikilled
labour.,

WASTE CONCENTRATES.

Note that two types of waste concentrates are produced, the
dispersed waste "colour" and the precipitated mud. Colour is the'
term applied to the liquid material we coat onto paper. -Since this
colour is made up in batches which must stand before use, a little
extra must always be made to use up all the paper raw stock for a
particular run, About once or twice every twenty-four hours some
of this colour must be disposed of along with a little water to
rinse the drains, The mud is produced by coagulating dilute slurrys
of this colour (wash water), Hence the only solids added to the
colour are precipitating chemicals, The average properties of these
two waste concentrates are:

Precipitated Mud

pH 505‘7

solids 10 to 17%

odour - quite characteristic

filterability -~ possible but very slow

solids after filtering - 4L0%

approximate analysis of the oven dried part:-

inorganic coating clay 75%
precipitating chemicals 12%
Organic matter (casein, latex,

starchj 13%

Waste Colour

pH 9 - 10

solids 30%

odour - only ammonia

filterability -~ nil

approximate analysis of the oven dried part:-

inorganic coating clay- - 85%
organic matter (casein, latex,
starch) 15%

The total average oven dried solids per working day is 3/L of a
ton and this is contained in 1500 gallons on the average. These
figures include the combination of precipitated mud and waste colour.

From one to two years' work has been expended examining methods
of disposing of the waste concentrates in an economical manncr. At
the present writing, 18 differcent processes have been examined and
all have been found to be quite expensive and difficult to control
automatically to give an easily disposable waste, which is more con-
centrated than that obtained by sedimentation., For any one contem-
plating a waste disposal program, it is suggested that the disposal
of the concentrates be considered almost the most difficult part of
the problem, lhile we have considered the possibility of useful Ly-
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products, we have found none which might be of sufficient value to
pay’ for the further processing required. Since our mud is odifgr—
ous, disposal of it by dumping into an open pond has lead to objec-
tions from nearby residents. Deodorants and disinfectants have
proven unsuitable. Anaerobic digestion as done in sewage plant
digestors has beén tried in the laboratory but elimination of odour
was not obtained, Also the common chemical engineering operations
of filtration, centrifuging, and drying havc been examined in terms
of a number of commercially available pieces of equipment. All

were very cxpensive in terms of the initial and/or opcrating expense,
It seemed doubtful if any of the filtration or drying equipment
could be left unattended for days or weeks at a time, as we hope

our present sedimentation equipment can be., This lack of automa-
tion meant considerable labour which set the high operating expensesa
for our small waste volume., Ponding still seems to be the most
satisfactory method of disposal of the waste concentrates, despite
the distance now travelled to the dumping area to get away from
centres of population.

OPERATING WORK AND SUPERVISION REQUIRED.,

Our cOating mill is on 3 shift, 24 hour per day operation.
Various mill personnel are utilized in the operution of the waste
system. The job names for these personnel are the truck driver (on
day shift only), the special colour-men {on two shifts per day), >
the plant testers (on three shifts), the millwrights maintaining
mechanical equipment and the trouble shooters or supervisors. These
men combined tio the following opecrating and control jobs:- .

l. Remove mud and waste colour on working deys. This work
takes about two-thirds of the total time required for
operating the waste water system, '

2, Check that ‘mud is flowlng freely to secondary sedimentation
tank daily,

3. Clean various equipment around the waste water shack and
the proportioning pumps. This work is very important to
the maintenance of the waste water system, A screen above
the surge tank is cleaned daily along with hosing down
the floor. Three times per week a screen and settling
pot ahead of the progressing cavity pump is cleaned, About
weekly, {ilters in the alum and calcium chloride tanks
ahcad of the proportioning pumps are cleaned. \ihen neces-
sary, sludge from the bottom oif the waste colour tank is
hosed out. About every two months, the bubble tube needs
cleaning as do the sides of the main sedimentation unit,
The sedimentation unit is cleanéd by means of a long
handled hoe without draining it,

4. Solutions of the coagulating chemicals and builders are
made up when necessary which is about twice a week,

5« In order to check the flows of the proportioning pumps,
once every 8 lhiours liquid depth measurements are made on
the chemical solution supply tanks along with a resding
of the running time meter, This can then be calculated as

fﬁow rates about once a day or is available if trouble
cshootineg .



6, Normal mechanical maintenance such as greasing and re-
building of pumps is done as required,

7. Trouble shooting and supervision is now done by the
Development Engineer., However, this will be turned over
to mill personnel very shortly. The basic contact with
the system and understanding of it comes from a weekly
checkover of the entire system, This permits the per-
son doing the checkover to know the settings currently
being used and also any weaknesses of any parts of the
system, Then, any difficulties can be better diagnosed,

8, If there are any difficulties in the system, a trouble
shooter needs to be called, possibly only by telephone,
Difficulties causiing the high level alarm to ring have
in the past frequently been diagnosed and cured by mill
personnel, This type of procedure may be suitable in
many cases in the future, although situations have oc-
curred and will occur where the trouble shooter must
come to the mill and diagnose the difficulties,

9, Since there is at present no turbidimeter and high
turbidity alarm, the Development ingineer makes regular
visual checks on the turbidity of the effluent water,
This will not be necessary if a suitable turbidimeter is
invented,

10, Since the trouble shooters are the only real "operators" of
the system, one should be on hand to change settings or
to operate the system-'manually when necessary for shut
downs, design changes, or when major overhauls are under-
taken, Such design changes, now that development is
essentially finished, should not happen very frequently
and overhauls should not be necessary much more than once
per year, DIven these overhauls may frequently be done on
Sunday when no shut down problem will exist,

lMay we for a moment consider the situation the Georgetown
Division of Provincial Paper found itself in when initially design-
ing this waste water system and during the development stage of
putting the system into operation, Insufficient space was available
to use a ponding-technique for dealing with this waste. Hence a
relatively small, high throughput unit had to be selected., After
the unit was set up and had been operated for a short period of time,
we discovered we could not keep silica sol stable over a week-end,
It was decided to use more expensive chemicals, The small flows of
waste water involved and the relatively small size of the Georgetown
Division could not justify one or more full time operators who had
sufficient ability to manually operate the system. This has meant
an appreciably greater cost in terms of technical development time
and the use of excess chemicals, but has produced a unit which may
soon be almost completely automated, This also means that preven-
tative maintenance in all its aspects becomes extrsmely important
to the economical operation of the unit,
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A very important characteristic of an automatic system such as
ours should be pointed out. Once the system 1s set properly the
controls should be changed a minimuwa of times, After a major
change, the whole system must be checked over and it can be run
for two or three hours and then observed as a further check,
However, small changes should be kept to a minimum since it is
only human that one of the scattered controls may be forgotten
when resetting. Automatic electrical. equipment is much more
reliable over a period of months than huwnan memory.

During development stages this system has quite literally
evolved, This should be considered normal for an automatic system,
since the variables in a system such ag ours are so complex that
they cannot be completely designed for. This evolution will con-
tinue. We can count on some changes always occurring in our mill
such as formulations, operating procedures and men with their pet
habits. -These changes sometimes change ratios to create changed
prohlems, even if they are not completely new ones. Also improved
pumps or chemicals may be found which will make the system evolve,
Accordingly, a trouble shooter must always stay up to date to be
effective, _

When troubles occur in the system, diagnosis is frequently the
key to preventing turbid water from leaving the system. With this
automatic system, one maladjustment will usually throw two or three
other factors out of adjustment, When trouble occurs the Develop-
ment Engineer has found from experience that a complete check-over
of the system is essential, This usually takes about one-half hour,
He found himself fooled very frequently if the check-over of the
entire system was not made before diagnosis,
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A REALISTIC APPROACH TO PLATING WASTE TREATMENT
-.by...

Edimund B, Besselievre, Mem, Amer, Soc, C. E,
Consulting kEngineer
Manager, Industrial Wastes Division
K & H Engineering Company, Toledo, Ohiv

The priceless ingredients in the solution of a plating waste
treatment problem are:

1, Competent engineering and technical advice,
2, Realistic and logical requirements by regulatory agencies,
3. Reliable information and data on the wastes,
L, Practical design by the consultant,
5. High grade construction,
6. Dedicated operation,
In any given case all of these ingredients are important;
but regardless of the excellence of the first five, unless the sixth
is also present, the efficiency of the others will be nullified,

Let us scan each of these ingredients in their order,

l, Competent Engineering and Technical Advice

As there are many variables in any plating waste problem,
the consultant or specialist called upon to design a practical and
economical plant for his client must be an unbiased person with no
special leanings toward any given method of treatment or disposal of
the wastes, or to any special type or make of equipment, apparatus or
control devices.,

There are many varieties of excellent equipment on the
market which have application to the treatment of wastes in certain
cases, but I have always maintained that there is no one type or make
of equipment that is suitable for every case, The manufacturers them-
selves agree with this, Therefore, the consultant should be open-minded
as to the equipment and apparatus for a given problem, to select and
use that which is best for that case only., He should be able of his
own volition to evaluate the conditions in a given case and arrive at
the most practical and economical conclusion without pressure from a
given manufacturer, Having decided on the equipment that in his opinion
is best for a certain problem, he should then consult with the manu-
facturers of that equipment td be sure of getting the latest models and
their advice as to his proposed use. A manufacturer knows best the
limitations and applications of his product and he is entitled to the
privilege of working with the consultant for its best use,
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As there are usually several methods of treatment of a given
waste, the consultant must have sufficient background knowledge of
all of them to enable him to properly evaluate the actual conditions
in each case, and to apply that method which will produce the
desired result in the most practical and economical manner.

He must always keep in mind that in the majority of cases the
treatment and isposal of industrial wastes is an expense for the
plant for which it is designed. In the average case the plant
owner cannot expect to recover any substance which will return a
profit on the operation of treatment, or even produce any revenue
whatever, Therefore, it is the consultant's duty to scrutinize
every condition carefvlly, with the local situation in mind, to work
out the plant that will produce the results at the lowest cost per
day. Too many industrial owners look at the first cost and do not
consider the daily cost. The first cost of a plant is an item of
capital investment and becomes an asset of the company, but the daily
operating cost of the plant becomes an item of overhead which mus?
be absorbed into the cost of production of the item manufactured, In
thess times of close competition no manufacturer wants to add any-
thing to his cost of production. Therefore, frequently a few dollars
spent in initial plant cost may save enough to write off the extra
investment in a very short period.

Let us take an example. Assume that for a certain treatment
it works out that the initial plant will cost $50,000,00. With fixed
charges at 5 per cent for amortization and 5 per cent interest on the
investment, with labour, chemicals, electric current, etc, the plant
costs $48,50 per day to operate, That is $14,550,00 per year on a
300-day basis, Now, suppose by proper study we spend $70,000,00 for
the initial plant but we reduce the cost of the plant operation by
$10.00 per day. The total annual cost of operation then becomes
#11,555,00, the saving is $3,000.00 per year, and this will pay off
the additional $20,000,00 of initial investment in less than seven
years,

The consultant should survey local sources of materials and the
availability of wastes from other nearby plants which may be obtained
at low cost or no cost to react with the wastes in the plant to pro-
duce results at little or no expense for reagents. This may well
solve two problems at the same time, or it may require a-pipe line
or a tank truck to haul the one waste to the other plant, or a treat-
ment facility located between the two., The extra cost of the pipe
line or the truck will soon be absorbed by the saving in chemical and
operating costs, For instance, a plant having an acid waste pickle
liquor which would require expensive neutralization may be adjacent
to a plant having a highly alkalins waste which would require the
addition of an acid neutralizer., Bringing the two together would
solve the problem for each, There are numerous other waste products
which may be thus used to advantage with marked reduction in operating

cost, Any manufacturer who has a waste which he can dispose of to
another manufacturer and at the same time solve his problem, will
usually be willing to give it at no cost, or perhaps for the cost of
transportation only,
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Thus, the consultant should be conversant with all methods,
with the advantages to be gained for his client by the careful study
of other local sources of reagents, etc, The presence of a certain
material in the near vicinity of the plant, however, should not blind
him to a careful study of the economics of using this material as
against another which may come {rom a distance but which is cheaper
to use, He should be able to evaluate the costs of different propriet-
ary coagulants or precipitants against the cost of common, readily
available chemicals that may do the same work at less overall cost.

The consultant should recognize that his duty is to his client,
to survey all angles of the situation and to work out independently
of all others, a practical and economical solution., If the consulting
firm called upon to solve a waste problem for a client is not a spec-
ialist in this work, it should engage someone who is expert in this
phase to work with them on this project, There are many sad examples
of expensive waste treatment in existence, or that have been cast
aside, because the designer did not know all about that particular
waste,

The consultant should not, nor should he be asked to, give an
estimate on the cost of a waste treatment plant until he has studied
all the facets of a problem and arrived at what he feels is the most
practical and economical solution for that particular case, Just
because he had a problem with a similar type of waste the day before
should not lead him to the false conclusiorn that the one of today
should be handled in the same manner,

These points are particularly true for plants of the subject of
this paper. Plating wastes are highly toxic and complex and treatment
is expensive,

2, Realisticeand Logical Requirements by Governmental Apgencies

This is a very important phase for the consultant, Practically
every State in the United States and many provinces in Canada have
established limitations on the concentrations of toxic or polluting
elements in wastes which must be the basis of treatment, These re-
quirements are somewhat general in their aspect as naturally no
governmental agency charged with the elimination of, or prevention of,
pollution in their streams can set up a general set of regulations
and requirements that would meet every case.

However, where there are requirements of record, it is the
duty of the consultant engaged ior a given problem to consult with the
proper regulatory ofticials, state or province, county, municipal,
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