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Other synthetic organic ehemical&---Oontlnued 
Oalclum propionate 
Sodium propionate 
Propylene glycol (1,2-Propanediol) 
Propylene oxide 
(Ethylenedlnltrtlo)tetraacetle acid (Ethylenedlamlnetetraaeetic acld) 
Sodium formaldehydeeultoxytate 
Sodium methoxide (Sodium methylate) 
Stearic acid 88lts: 

Alumlnum steal"ate 
oaiclum stearate 
Lead etearate 
Lithium etearate 
Magnesium st.earate 
Zinc stearate 

Sucelnlc acid 
Tetraethyl lead 
Tetramethyl lead 
Triethylene glycol 
Urea 
Vinyl acetate 

Senator Moss. Dr. Bertram C. Raynes, chief engineer of the Rand 
Development Corp., will be our next witness. 

We a.re pleased to have you, Mr. Raynes, a.nd we look forward to 
hearing your testimony. 

STATEIIER'T OF BER.TB.All C. RA DES, CHIEF EBGDiEER, RABD 

DEVELOPIIEBT CORP., CLEVELAD, OHIO; AOCOJrlPAlOED · BY 

1AKES H. RABD, PRF.SIDEBT, Rill> DEVELOPDBT CORP. 

Mr. RA YNF.B. Thank you, Sena.tor Moss. 
Mr. Chairman and members of the subcommittee, I am Bertram C. 

Rayne� Rand Development Corp., Cleveland Ohio. Rand Develop­
ment Corp. is a. private corporation enga.ged in contractual &{>plied 
research and development. The corporation also does proprietary 
developmental work and has a limited line of products which it pro­
duces, or, alternatively, has produced for it oy subsidiaries. 

A substantial pa.rt of the Rand Development effort is presently 
directed toward matters concerned with water pollution control and 
water quality management. We a.re working, for example

.:... 
under 

contract to the Department of the Interior and also to the .uepart­
ment of Health, Education, and Welfare on problems associated with 
water pollution control. Matters of public and private health ha.ve 
always been important in the affairs of my company. 

My present remarks concern a. novel sewage treatment frocess we
have developed under the sponsorship of the Office of Coa Resea.rch, 
Department of the Interior. The prolect, in 18 months, ha.s come 
from the laboratory through the test-rig or bench-scale and is now 
ready to go to pilot plant size and to larger efforts. Our goal in this 
work has been twofold. First, to develop a new market for coal 
in the treatment of sewage and industrial waste waters; secondly, 
to improve the quality of sewage effluents and reduce waste pollution. 
We have accomplished the initial goal of the project-to uncover a 
new market for coal-a.nd we believe we ha.ve shown the basic steps 
of a wholly new sewage treatment process. 
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WATER POLLUTION 1017 

TllB RAND DEVELOPJONT COAL-SEW AGE TREATKENT PROCFi!S 

The process we ha.ve developed consists of two basic steps. In the 
first step, coal is used to filter raw sewa_ge. No pretreatment is given 
the sewage with the exception of a. typical comminution: or grinding,
operation. The effluent from this filter is clear and aunost free of 
suspended solids. The BOD and COD of the effluent from this coal 
filter is only about 40 percent of the BOD and COD in the raw sew­
� 60-percent reduction. The throughput in this step requires 
only: a.bout 20 minutes. 

This is the first succ.essful sewage filter the water pollution control 
industry has seen and its succes.'> is based upon the fact that a. mixture 
of coa.l plus the filtered sewage solids is continuously removed during 
the operation, and the coal retains its value a.s a fuel and is disposed of 
without the need for backwashinjr. This simple 20-minute step pro­
vides a.n effluent superior to present conventional primary sewage troo.t­
ment plants a.nd requires, in addition to less throughput time, far less 
capital investment. 

In the second of the two basic steps of this coal-sewa�e treatment 
process, the effluent from the coal filter is passed into a oed of sized 
coal in which or�anic contaminants are absorbed. In actual practice 
this is the identical coal which is on its way to the cool filter. This 
sewage treatment s_ystem is a. countercurrent one in which the coal 
moves in one direction and the sewage in the opposite direction. The 
effluent from this ,a,dsorption step is essentially free of suspended solids 
and a removal in the range of 70-90 percent of the b.o.d. and COD 
producing materials origmally present in the raw sewage has been 
effected. Total in-plant time 1s m the order of 2-4 hours. 

Beyond that, certain pollutants and contaminants, which com•en­
tiona.1 secondary treatment processes cannot remorn, are removed in 
the coal-sew�e treatment system. These include phosphates which 
a.re removed m excess of 90 perce.nt, and hard detergents which are 
removed in excess of 90 percent. The coal treatment proceiS.'3, in con­
tradiction to conventional bio-oxidation systems, does not produce 
nitrates from nitrogen compounds so the concentration of nitrates in 
the effluent from the coal-sewage treatment process is very low. 

We believe, and we have been advised by representatives of the 
water pollution control industry and of the sewage treatment industry, 
that this coal-sewage treatment system may represent the first new 
sew14?e treatment process in some 40 years. We believe and have been 
told that we have the first successful sewage filter, and we believe that 
we have shown an economical adsorption capability using- ooal. For 
the coal industry we believe we have developed an entirely new and 
substantial market. 

We have made cost estimates based only on the prepilot plant data 
we have now available. We haYe tried to be conservative m making 
these estimates and we feel that even with simple disposal by incinera­
tion of the coal-sewage solids mixture this system will be more ec,onom­
ical in operation than present conventional secondary treatment plants. 
This reduction in cost reflects a decreased requirement for land a.ren and 
capital investment for the plant. In making these preliminary esti­
mates and in attempting to be conservative, we have '!lssumed there 
shall be no u&>ful product.ion of power from this coal-sln<lge mixture. 
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1018 WATER POLLUTION 

However, this mixture has a British thermal unit value of approxi­
mately 90 percent of that of the coal used in the process. The recov­
ery of the energy contained in this mixture will make it possible fint, 
to reduce the treatment costs or, second, to effect tertiary treatment of 
sewage effluent on at least a portion of the total sewage tre1ttm�nt 
plant flow. If the latter could be economically done, it would be the 
first t.ime that tertiary treatment could be accomplished on a practical 
and economical basis. I should a.dd that we are not substituting air 
pollution for surface water pollution. Present conventional treatment 
plants, whet.her primary or secondary, typioollyincine.rate their ,ntstes 
now. In the coal-sewage solids mixture incineration (the coal is in 
large excess in this mixture), it will be possible to incinerate at a higher 
temperature than is now possible in water trentment plants. With 
afterburners, air pollution could actually be reduced. 

The test equipment on which this OCR development work has so 
far been carried out is now temporarily installed in Washington, at 
the District of Columbia Water Pollution Control Plant, testing its 
effectiveness on purely domestic and storm sewage. The previous 
work has been concerned with combined municipal and storm sewage 
in Clevel,and, a heavily industrialized city. We hope. some of :rou 
gentl�mt!n'tnay be 'able to take the oppor.tun1ty to observe 1t here durmg 
the next several d-ays. 

This is, then, a new sewage treatment ;erocess, not merely an im­
provement or refinement on an old one. Smee it is new there is much 
remaining to be done. We have disclosed the basic operation of 
the process: continuous filtration and adsorption, using coal. Scaling 
up of the work, to pilot plantc:; and demonstration or prototyfM' plRnts 
is needed before routine operations can be given over to plant operat­
ing personnel. The potential for improved treatment of a varietv 
of industrial wastes-paper mill wastes, slaughterhouse wastes, and 
on and on-is great and these water pollution problems need to be 
examined using the coal-sewage treatment system. The economics 
need further refinement. We hope that the coal-sewage treatment 
process will be as important to water pollution control as the &{'t,i­
vated sludge process was when it was introduced. The basic process 
is now revealed; obviously, however, improvements and refinements 
we confidently expect to introduce will make it the more economical 
and usefut 

Rand Development has proposed, for example, to accomplish at 
lea..c:;t the followmg specific tasks. in bringing the coal-sewage process 
to acceptance and widespread use: 

( 1) The refinement of the operating limits to determine the most
effective and economical form of the process; 

( 2) The refinement of preliminary cost analyses to provide more
accurate capital and opera.ting cost estimates; 

(3) The exploration of all aspects of the process, or combinations
with other processes, which enhance its attractiveness by effecting 
deirrees of water purification unprecedented in the water poJiution 
control fie.Id; 

( 4) The construct.ion and operation of demonstration plants to
i1lnstrate pollution control using the basic process as it. is now dis­
close<l; and 

( 5) The evaluation of the coal-sewage process as t.he basic step
in what may become a full waste-water/fresh-water renovation cycle. 
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All ranks of coal, with the possible exception of lignite, can be 
used in the treatment. system. There is some variation among the 
ra.nks-not in filtration but in the absorptive efficiency. S!gnifi­
cantly, some coals are as much as 30 to 40 percent as effective as 
activited carbons for some dissolved pollutants. Of course, the oost 
differential bet.ween coal and adivated carbon is quite large. The coal 
process is potentially useful throughout most of our country, wherever 
coal is an item of commerce. In the most heavily populated regions 
of our country, then, the process can compete with conventional treat­
ment proc.esse& 

Rand Development feels that intensive development of the coal­
sewage svstem will make it possible to reduce the pollutant concen­
trations In sewage plant effluents, at economic advantage. We feel 
that sewage treatment plants using the cool system can meet new 
quality standards for sewage plant outflows, particularly those re­
lating to plant nutrients (phosphates and nitrates) and those for 
detergents. We are working dihgently toward that end. 

Senator RANDOLPH (}!residing). Thank you very much, Mr. Raynes. 
You are in a sense saymg to the members of this subcommittee that 
there is a very significant breakthrough in this method of sewage treat­
ment through utilization of coal. Is it that a correct statement i 

Mr. RAYNES. I hope that is a correct statement. 
Senator RANDOLPH. You believe in the findings of this pilot project 

and your studies have convinced you of the ments of this process. 
Mr. RA YNES. Yes, sir; the evidence is all that way. 
Senator RANDOLPH. At this point I am going to intemtpt. my ques­

tioning because our colleague who gives very careful attention to 
the subject matter of these hearings must of necessity leave for another 
committee meeting. Senator Moss. 

Senator Moss. Thank you, Mr. Chairman. It is musical chairs 
here in a. way today. We are trying to cover all of the fronts we have 
to cover. Before I Jeft I did want to compliment you, Mr. Raynes, 
and comment on the fact that it is most heartening to ha.ve some 
testimony this morning about a. new process for treating sewage 
because this subcommittee sitting yesterday was discussing the fact 
that even though we have been treating sewage now for a hundred 
years and for 50 years very actively, we rea.lJy haven't found any new 
avenues or any new ways. We are using basically the same sewage 
treatment system that we used 50 years ago, with slight modifications 
and updating but without any basic or different method and what you 
have said today indicates that we have now gone into another avenue 
of treatment that looks very promising at this point. If it proves out 
economically, as we would hope it would, perhaps we have taken that 
Jong step forward into a new type of treatment that can rehabilitate 
our waters so that they can be used over and over again, and I was 
most interested in this because I did not know much about it even 
though I take great interest in coal. 

My State has a lot of coal, and you would think this would have 
come to my attention very pointedly but it has not. I am very glad 
to hear about it. I wish ·1 had more time to remain to hear more in 
detail how much area is required for these sewage lagoons or racks 
of some kind, and what the comparison of capital investment would 
be in putting in this kind of sewage treatment as against the com·en-
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1020 WATER POLLUTION 

tional activated sludge. Unfortunately I cannot remain but I accept 
your invitation to go see the demonstration project here at hand to 
learn more about it. 

Mr. R.\ YNES. May I say we went to the Office of Coal Research with 
a proposal to examine the use of coal broadly just to see if we could 
improrn sewage treatment and I would like to compliment them for 
letting us do this to look at the entire pr<>ce$ rather than an individual 
step. We were able to look at the entire problem and not just one 
se�ment. 

Senator Moss. I am pleased to hA.ve that report. and I am glad that 
the Office of Coal Research is willing to step into this field and em­
pl<�y your research corporation to help out on the job. 

Senator RANDOLPH. Thank vou, Senator Mos.s. It has been my priv­
iJege to share some of the thinking of the president of your company, 
Mr. Raynes and others, in reference to the pilot plant experience. I 
am sure Senator Moss and a11 members of this subcommittee incJud­
ing my colleague, Senator Boggs, and the members of the Committee 
on Public Works will be giving the most careful attention to these de­
velopments. There is a need for coordination and cooperation between 
the Government. agencies and private agencies; is that true9 

Mr. RAYNES. Yes. 
Senator RANDOLPH. And with municipalities and pos.5ibly with in­

dustries located in certain areas of the country where the sewage treat­
ment problem is more acute; is that correct 9 

Mr. RAYNF.S. Yes, sir. 
Senator RANDOJ,PH. Let's return to where you refer to cost esti­

mates. What would be the proportionate capital investments, Mr. 
Rayn(>s, in land area and facilities for the process of which you spe.a.k 
in comparison to the conventional activated sludge treatment method 9 

�fr. RA n,"l::S. On the basis of our estimates, assuming a new pla.nt 
to be built for an activiated sludge process, we believe that land area 
and c.'lpital investment might be reduced by as much as 60 percent. 
That is, the coal filtration would require only about 40 percent of the 
land area required for an activated sludge treatment plant of equiv­
alent capacity. 

Senator RANDOLPH. I think this is a very important item. We know 
now that these ponds or lakes or impoundments required by conven­
tional treatment methods cover huge acreages; is this not true f 

Mr. RA YNF.S. Yes, sir. 
Senator RANDOLPH. Thus, present methods remove this acreage 

from economic productivity or use of sites for industry-and when you 
sav it wiJl cut the land area down by what percentage--

·Mr. RAYNES. Let's call it 50 percent--ootween 50 to 55 percent.
Senator RANOOLPH. I think this is a very important item for those

of us on the subcommittee to remember. 
Referring- now to the potential market for coal which might be 

developed throu�h application of this process, I would ask you what 
would be the daily requirements for coal in the treating of a popula­
tion equivalent of 100,000 persons. I would give as a.n example the 
capital city of West Virginia., Charleston, a.nd the immediate area. 
Could vou comment on that¥ 

Would the coal neces.,;a.rily have t.o be dry before its incineration 
or could it be moved directly to incineration in t.he form, let's say, 
of slurry¥ 
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lfr. RAYNES. We have been advised by consultants in the Depart­
ment of the Interior and experts in the field of incineration it would 
not have to be dried. It would be dried and sent to a.n incinerator 
with perhaps 40 percent of the water removed but there would be no 
difficulty. 

Senator RANDOLPH. Would it be technically and economically fea­
�ible to convert the conventional plant throughout this country by the 
Rand method, or could it be applied only to new plants t I think 
Senator Boggs 8Jld I would both be interested in your response to 
that question. 

lfr. RAYNES. It is a complicated question. If a plant is fully paid 
<>ff it might not be economically feasible to convert. If it is a new 
plant. construction I think there is no question if the economics hold 
up in the next stage of the development you would go to this process 
where,·er you could. In between you have several choices. If :you 
have a plant which is not a conventional plant which is not meetmg 
<J.Uality standards, you could use the filtration on the effluent of that 
plant. I would say there are many existing opportunities in plants 
today to use this or at least the second or adsorption step in that. 

Senator RANDOI,PH. ,y ould you say to the subcommittee mem­
bers then that this process oould be added to such plants 1 

llr. RAYNES. I think there would be many opportunities to do that; 
_yes, sir. 

Senator RANDOLPH. I think that is important for us to have your 
response to in the way you have given it. 

The Rand Development Corp. has an application with the Office of 
Coal Research-vou have expresred complimentary remarks about 
the work being done thenr-for a larger pilot plant and an applica­
tion with the Department of Health, Education, and Welfare for a 
grant for a commercial demonstration plant. I know of this and I 
lrnow you are familiar with it. I have endorsed both applications, and 
I have on several occasions discussed this with responsible adminis­
tration officials. 

I ask unanimous consent at this point to include in the record rele­
'"ent excerpts of several statements that have to do with the ap­
plicability of this process as I see it and some of the observations that 
I have made which have been published in West Virginia news 
media. 

For the record, Mr. Raynes, would you distinguish between the pur­
poses and the aims of, these two projects, the one pending with the 
Office of Coal Research, the other with the Department of Health, 
Education, and Welfare. Are they in oonflict or do they compliment 
each other9 

Mr. RAYNES. I think they are complementary. The basic process 
has been disclosed and it can be seen down here in the District of 
Columbia sewage treatment plant. There is much that ca.n be done 
both for the coal industry to increase its market and the water p<>llu­
tion control market to refine the economics, develoJ? a. process to the 
point at which operating plant personnel can be given the key, a.nd 
then told to go ahead. The demonstration plant would not be turned 
o,·er to typical plant operation. It would have to be under the control 
of a c-0mpany such as ours and I hope it will be ours. I believe these 
units are e<>mpletely complementary. A demonstration plant would 
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have to be based on what we know today and demonstrate what isknown today. Senator RANDOLPH. Thank you, Mr. Raynes. To Mr. Rand who is in the room this morning for our hearing­Mr. Rand, if you desire you may come to the witness table a.nd sit WithMr. Rayne5. He has been testifying but we perhaps should ha.vethe record indicate that the two of you were present this morningbecause there may be questions which you migb:t jointly clarify. I find it necessary to go to another meeting and Senator Boggs, Iknow that you will chair the remaining time of this hearing andwill, of course, question and observe in your own way. Senator Booos. I would like to compliment you on your presenta­tion. It is very interesting and appears to me to hold great p<>Sffi.bili­ties. I a.m interested in the District of Columbia. demonstrationpl� RAYNES. It is the District of Columbia Water Pollution Con­trol Plant. We have the Office of Coal test rig installed.Senator Booos. How long has it been in operation¥ Mr. RAYNES. This is its seventh day. It is simply to demonstratewhat can be done on a city which is not heavily mdustrialized and particularly to see what mlght be done on behalf of the Department of the Interior on the phosJ?hate-nitrate problems in the Potomac.Senator Booos. Can you give me some idea of the size of the op­eration? Mr. RAYNES. It is a la.boratory unit. The filter has a rated capac­ity of 1,000 gallons per hour. The adsorption step is only about one­sixteenth of that and it is simply used to characterize the effluent to find out what we are removing, or better still7 what is going out as effluent from this process and what conta.nunants still remain in
effluents. Senator Booos. How long do you estimate it will be before you willmove to the next phase 1 Mr. RA YNES. On the pilot pla.nt effort?Senator Booos. Yes. Mr. RAYNES. I hope to get started with that early in July. Sena.tor Booos. What a.mount of coal would be used bv the unit
in opera.tion in the District of Columbia? Mr. RA YNES. About 60 pounds a day is all we use. Mr. RAND. It is parallel to the regular secondary treatment plantso that effluents are taken simultaneously from both effluents and runby the sewage plant in their own laboratories and the results are given
to us. Senator Booos. I believe the staff now has a few questions to ask. Mr. RoYCE. Would it be possible, Mr. Raynes, to feed data from the proposed graduated pilot plant into a demonstration project ifsuch a. project receives a grant¥ Mr. RAYNES. That is what I meant by complementary. All of thedata that would be obtained in the flexible pilot plant'., a rather ng­
gres.c;ive effort we propose, would be fed directly into anv drawingor construction for demonstration right up to the last minute and,therefore, would improve the demonstration plant capnbilitv. Wewould be able to incorporate any new developments or concepts ora.ny new ideas.
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Mr. RoYCE. Acknowledging the complexities of the problem and 
without attempting to _pin you down to a fixed date, if such a gra.nt 
were approved for a demonstration project, what •would be the ap­
proximate time required to put such a demonstration plant into 
operation1 

Mr. RAYNES. It could be begun immediately to pick a site, deter­
mine where it could be, but I would rather s11p�se it would be 6 to 
9 months before any actual ground breaking might occur. There is 
sewer interceptor work that would be done a.nd that sort of thing. 
We are proposing to look at the effluent of a town of perhaps 10,000-
15,000 persons or that equivalent of sewage. It would require some 
sewer interceptor work and knowledge of the hydraulics, so I would 
guess it would be 6 to 9 months before any actual plant demonstration 
work could be done. 

Mr. RoYOE. Thank you, Mr. Chairman. 
Senator Booos. If there are no other questions, we will conclude 

with Mr. Rand a.nd Mr. Raynes. We appreciate your cooperation. 
(Subsequently the following memorandum was submitted:) 

DBPABTlllENT OF THE lNTDIO&, 
Orne• OF CoAL RESliBCH, 
Wa&hinglOft, D.O., June !5, 1965. 

THE UBE or CoAL l'OB SEWAGE AND INDUSTRIAL WASTS TaJl:ATHENT 

SYNOPSIS 

The Rand Development Corp., ot Cleveland, Ohio, under sponsorship ot the 
Office ot Coal Research, bas developed a process which uses coal tor the purifica­
tion ot sewage and waste water. 

The test rig In which the process was developed In Cleveland has been moved 
to the District ot Columbia water pollution control plant In Washington to test 
the etrectlveness ot the procees on sewage In the Potomac River Basin. 

Limited analytical data obtained since the operation was begun on June 18, 
1065, have confirmed the results obtained In Cleveland, and are summarized In 
the tollowlng: 

Percent 
reductwn 
throuyh

ooa 
Allalytlcal test: proceaa 

Biochemical oxygen demand (BOD)'------------------------------ 91 
Chemical oxygen demand (COD)'--------------------------------- 80 
Suspended solids------------------------------------------------- 95 
ABS (detergent)_________________________________________________ 85 
Phosphate (total) _______________________________________________ 60-95 

1 The BOD, or hlochemlcal oxygen demand, teet Is an accepted way of measuring the 
amonnt of �ewage or othl'r orgnnlc contamination present In water. The COD or chemical 
oxygen demand, test Is another mean• of approximating the total organic pollution load 
In sewa,re or other waters. 

The BOD analysis Is a form of accelernted biological action In which the oxygen 
depletion of a snmple due to biological action Is measured over a !>-day period under 
controlled condlUons. The COD Is purely a chemical method. 

This is believed to be the first successful sewage filter the water pollution con­
trol Industry bas seen, and Its sUt'cess Is based upon the tact that a mixture ot 
('()ft} plus the filten'd sewage solidB is continuously remo,ed during the operation, 
and the coal retains its value as a fuel and Is disposed of without the need tor 
backwashing. This simple 20-mlnute stage of the process provides an effluent 
superior to present conventional primary sewage treatment plants and requires, 
In addition to le!IS thronghput time. considerably less capital ln,estment. 

In the se<>ond ot the two basic steps of this coal-sewnie treatment process, the 
effluent trom the coal filter Is passed Into a bed of sized coal in wblch organic 

Digitized by Google 



1024 WATER POLLUTION 

contamlnanll'I are abl'!Orhed.' In projected commercial practice this will he the 
identical cool which ts on Its way to the coal filter. The proposed sewage treat­
ment system will pr()bably be a countereurreut flow in which the coal will mMe 
in one direction and the sewage in the opposite. The effluent from thJs adsorp­
tion • step Is essentialIF free of suspended solids and a removal in the range of 
70-90 percent of the BOD- and CO&produclng materials originally present In 
the raw sewage has been etrected In the present extremely small-sca1e quipment. 
Total in plant time will be on the order of 2-4 hours. 

Certain -pollutants and contaminants, which conventional secondary treatment 
proceeses cannot n•move. are remo'l"ed in the coal-sewage treatment system. 
These include phosphates which are remo,·ed In large measure. and hard dt'­
tergents which are removed up to amount.'! of 90 percent. The coal tre&tmE'llt 
process, in contradiction to conventional ·blo-oxldatlon systems, does not produce 
nitrates from nitrogen compounda so the concentration of nitrates in the effluent 
from the coal"'8ewage treatment process is very low. 

We have been advised by representatives of the water J)ollutlon control lndns­
try and of the sewage treatment industry, that -this coal-sewage treatment system 
may �present the first new sewage treatment process In some4.0 7ears. It ls also 
believed that an �nomlcal ad90l'l)tion capel>llity using coal has been shown 
on a very 81Wlll scale. For the cool industry, an entirely new and substantial 
market may be developed. 

Cost Mlmates made are based only on the prepllot plant data now available. 
Even with simple dl9J)0881 by incineration of the coal-sewage solids mixture this 
system is eJ:J)ected •to be more economical In operation than present com·enttonal 
secondary treatment plants. This reduction In cost reflects a decre8sed require­
ment for land area and capital Investment for the plant. In making these pre­
liminary estimates and In attempting to be consen-atl'l"e, no useful production of 
power from this coal-sludge mixture has been assumed. However, on a dry 
basis, this mixture has a British thermal unit value of approximately 90 percent 
of that of the cool used in the process. The reco'l"ery of the energy contalnf'd 
In this mixture will make It posi,:lble to reduce the treatment co,,;ta or, posslhly. 
to etrect tertiary treatment of sewage effluent on at least a portion of the total 
iw,wage treatment plant flow. If the Jat.ter could be ecouomlcelly done, It could 
be a breakthrough In tertiary treatment on a practical and economical basis. 
This concept does not subeUtute air pollution for surface water pollution. Pres• 
ent conventional treatment plants, whether primary or secondary, often incin• 
erate their wastes now. In the coal-sewa.�e solids mixture tnclneration, {the 
coal L'! in large excees In this mixture), it will be practicable to incinerate at a 
higher temperature than ls now possible in water treatment plants. With after­
burners, air pollotion should actualIF be reduced. 

This Is essentially a new sewage treatment process, not merely an Improvement 
or refinement on an old one. Much remains to be done. Scaling up of the work. 
to pilot plants and demonstration or prototype plants Is needed before routine 
operations can be given over to plant operating personneL 'lbe potential for 
Improved treatment of a variety of Industrial wastes-paper mill wastes, slaugh­
terhouse wastes, and others-ls great and these water pollution problem!! need 
to be examined using the coal-sewage treatment system. 'lbe economics need 
further refinement. The baste process Is now revealed; however, Improvements 
and reftnementa on a pilot-plant scale are desirable to make It more economical 
and useful. 

Most ranks of coal can be used in the treatment system. There ts some 
variation among the rank&-not tn filtration but In the adsorptive efficiency. 
Slgnitlcantly, some coals are a11 much as 30 to 40 percent as etrecttve as activated 
carbons for some dissolved pollutants. The cost dltrerentlal between coal and 
activated carbon ts of a magnitude of 40 to 1. 

THE DIST&IOT OF COLUMBIA EXPEBDlENTAL PBOOBAM 

At the reque11t of the Office of Coal ReAearcb, the coal-sewage test rig built 
In tbt> summer of 1964 and IDBtalled In the Cleveland Easterly Sewage Plant was 
dismantled and moved to Washl�on. D.C., In order to evaluate the etrectlveness 
of the pr()('ess on sewa,re typical of the Washington area, a combined storm 
1111d domestic sewage containing little Industrial w11ste. 

1 Adsorption IR the RdhePlon of an extremf'ly thin layer of gas, aolute. or liquid layer 
of moleculee to the surface of eollde with which tbf'y are In contact. 

Digitized by Google 



WATER POLLUTION 1025 

As developed through the past year In the small test rig and In the laboratory, 
a process appears to be emerging which appears to be effective In reducing the 
level ot contaminants In municipal sewage to a degree equivalent ot any other 
operating process, and at a potentially lower cost. Moreover, certain species 
of dissolved matter-phosphates and "hard" detergents-which are found in 
unusually high proportions in wastes discharged to the Potomac River, have 
appeared to be particularly amenable to treatment. A further attractive feature 
of the process is that nitrates, which are customarily discharged Into receiving 
waters in large quantities as a consequence of their manufacture as a byproduct 
ot the activated sludge sewage process, are not formed in the coal treatment, 
and are therefore not a source of pollution from the treatment process. 

Although the process is still In the development stage, with the test rig remain­
ing as a piece ot experimental apparatus and not an exhibition plant, the tech­
niques of treatment by using coal have been sufflciently advanced to warrant the 
use of the equipment In testing the process on other sourees of waste. It must 
be emphasized that the Installation In Washington le operating as an experi­
mental tool ; the form and arrangement of the operation Is baaed on Its useful­
ness for development purposes and can In no sense be considered as a prototype. 

The coal-sewage test rig Is tentatively scheduled to operate in Washington for 
a period of 2 weeks. The following Is an interm report, describing the equip. 
ment and containing such analytical data as are avallable at this writing, follow­
Ing only 7 days ot. continuous operation. 

INSTALLATION 

As a consequence of. the comparatively Bbort notice for this operation, only 
sUgbt modUlcatlons were made in the baaic teat rig. Certain large pieces of 
apparatus, havt.ng been found in previous work to be nonessential to operation, 
were omitted, and changes were made to improve the compactness and ease of 
tran.port. The equipment as seen In Washington comprit-eS all e89elltial parts 
of. the basic Installation. Operating procedures are Identical to those employed 
in the earlier work; materials, including coal, have been taken from the same 
atoek ueed during the experimental program. 

Through the cooperation of the District of Oolumbla Department of Sanitary 
Engineering, under direction of Mr. R. L. Orndorff, arrangements were made 
on June 11, 1900, for Installation of. the rig at the District ot Oolumbia Munici­
pal Water Pollution Oontrol Plant at 5000 Overlook Avenue SW., Washington, 
D.C.

This plant ts the principal waste treatment plant for the area, collecting
sewage from as far as 85 miles distance. It Is a modern activated sludge sec­
ondary treatment plant, using the digestion/vacuum-filtration method for sludge 
dispo8al. The average dally 1low approaches 200 mllUon gallons, although broad 
dally 1luctnatlons are encountered. The sewage influent ls primarily domestic 
ln nature and ls noted for an unusually high concentration of detergents and 
phoepha,U:wJ. 

The rig arrived on June 14, 1965, and was installed In the grit chamber bulld­
lng of the plant, from which a fiow or raw sewage typical of the plant influent 
could be drawn prior to any treatment operation. With the generoWJ coopet"ll­
tlon of Mr. Hugh Schreiber, Superintendent of the plant, o.nd of his entire staff, 
installation was completed by June 16 and arrangement.a made for sampling and 
&Daly'8is by the plant staff. The rig began :.M-hour operation on June 18, 1965. 

OPERATION 

Although the projected coal-sewage process Is seen as a single-step operation 
In which both filtration and adsorption take place ln a single bed of coal, these 
two atepe have been separated in the teet rig for convenience of experimental 
study. The following operating conditions have been maintained during opera­
tion at the Washington plant. 

Raw sewage la drawn from approximately 4 feet below the surface of the plant 
header channel by a submersible pump. The channel precedes the plant's grit 
separation step, and ls turbulent, assuring that solid matter remains sm1pended. 
To maintain a uniform concentration of solids a-t the test rig a 1low rate of 
approximately 5,000 gallons per hour ls pumped to tbe rig; the excess ls bled 
off Immediately prior to the processing etepe. 

Owing to purely mechanical limitations of the present apparatus, ft ls not poul­
ble to sustain continuous operation of the 1lltratlon step beyond 30 hours; and 
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as a cousequence the procedures in Washington, 88 in Cleveland, have consisted 
of operating the filter for a period of 1 ½ hours in the morning of each day in 
order to collect a quantity of filtrate which is then metered through the absorp­
tion step on a continuous basis. 

For filtration, pulverized coal (in this operation high-volatile bituminous-A) 
ls metered into the fl.ow of raw sewage at a rate of approximately 0.4 pound per 
100 gallons of sewage and is caused to be wetted by a mixer. Particle slse of 
this coal ranges from approximately 60 to 200 mesh. 

The coal-sewage mixture fiows into the filter, which consists of the original 
bed of crushed coal, 3 feet deep, from which the surface layer, along with de­
posited sewage solids and admix coal, is continuously scraped off 88 a thlc.k 
sludge. Although this sludge is to be bumed in eventual operation, It is here 
merely discharged to the drain. Total coal consumption, including both admix 
and that which is removed from the filter bed, Is approximately 1 pound per 100 
gallons of sewage ( 5 tons per million gallons). 

The filter operates at a rate of approximately 30 gallons per square foot per 
hour producing filtrate which is essentially free of suspended solids and from 
which approximately 60 percent of organic contaminants, phosphates, and ABS 
(detergents) have been remoYed. 

From the filtrate storage drum the filtered sewage ls watered through the 
adsorption step at the .same rate of 30 gallons per square foot per hour. In the 
test rig this step consists of the use of eight glass columns 2 inches ln diameter 
and 2 feet long operating in series. Each column is filled with 16.5 inches of 
crushed coal (here bituminous high-volatile-C) In the size range of minus 40 
plus 100 mesh. The total bed depth is 11 feet, a figure developed 88 a result of 
many factors to represent, as nearly as can presently be determined, the actual 
depth for an operating plant. Although the fl.ow rate through the columns is the 
same as through the filter, the small size of the columns here requires a very 
low total fl.ow. The visitor wlll see only a trickle of about 16.5 gallons per day. 

ANALYSIS 

All analysis of both the raw sewage and the final effluent are performed by 
the District of Columbia laboratory personnel by the same procedures used for 
evaluation of the plant's performance. Because this report covers only 7 days 
of continuous operation, and because cert.aln of the analytical procedures require 
extended periods for completion, the data contained here are not complete. Like­
wise, eYaluatlons of the data roust therefore be broadly summarized. 

RESULTS 

Table I lists the analytical data available at this writing, for the operation of 
the OCR-Rand coal/sewage test rig at the District of Columbia Water Pollution 
Control Plant. 
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TABLE l.-.4nalt1Bi8 performed bt1 laboratory of District of Colmnbia Water 
Pollution Con,,·ol Cente,·-RAND-OCR test rig 

Sample Onto 

Raw .. ··············· 
} FlnaL............... Friday, Juno 18 .• 

Removal ... percent .. 
f��················· }saturday, Juno 19. 
Removal. •• percent .• 
Raw ................ . 
Final................. Sundny, June 20 .. 
Removal. •• percent •• 
Raw ................ . 
FlnaL................ Monday, Juno 21 .. 
Removal •.. percent .• 
Raw ................ . 
Final. ••• •••••••••••• Tuesday, June 22 .. 
Removal ..• percent •• 
Raw .•.....•••...••.. Wodn doy Final •••• •••••• ••••• Juno 23 p m Removal. •. percent.. • · · 

Total 
runnlng 

tlrno 
(hours) 

20 

44 

68 

92 

110 

l◄O 

164 

Sus­
pended 
solids 

380 
16 
00 

I().( 
8 

92 
62 
28 
56 

380 
JO 
07 

100 
5 

95 
2« 

12 
95 

124 

ABS 

0. 58 
2. 97 
0.43 
6 
2.17 
0.30 

86 
2.97 
0.30 

00 
4. 66 
0.40 

91 
2.54 

COD 

278 
61 
82 

236 
61 
78 

22( 
46 
80 

261 
62 
79 

229 
48 
79 

636 
91 
83 

236 

BOD 

295 
26 
91 

135 
22 
84 

135 

Totnl 
phos­

phorous 
PlnPO1 

6. 7 
0.5 

93 
6. 7 
1. 9 

67 
6. 5 
2.2 

60 
6.3 

0.48 ••..••.•.• ·•···•·••· .•.••••••• rii::1... .............. }Thursday,June24. 
Removal .•• percent •. 
�-················ 

j
Frlday, Juno 25 .•. 

Removal. •• percent •. 
Raw················· Snturdny, FlnaL •..••••• -..... June 26 Removal ... percent.. 

�� r======= \'l. n ========== ========== ========== 

Table II is a comparison of the coal•sewage process with conventional activated 
sludge/dlgestlon•filtratlon plants. Data for the coal•sewage process are taken 
from the present test rig operation In Washington; data for the activated sludge 
proce88 are taken from the literature as typical. 

TABLE II 

Material 

Biochemical oxygen demand (BOD) .••••....••.•••••••••••••• 
Ci-tclll oqgen demand (COD) . ...........••••...•.••••••• 
Pbollpbatel (total u pboephOl'OUB) ••.••••••••••••••••••••••••• 
��::::::::::::::::::::::::::::::::::::::::::::: 

Coal.-wace prooeas Actlvatoo aludp/ 
dlgestlon.flla. i----....-----1 tlon Pl'OOell per. 

Percent Percent re- cent removal 
removal moval range (typical) 
(average) this run 

88 84 to 91. •. 
80 79 to 81. •· 
73 60 to 111 ••• 
86 81 to 91 ••• 
96 ll2 to 97 ••• 

60 to 86. 
Do. 

81laht. 
Less than 40. 
60 to 80. 

TABLE 111.-Anals,•e• from OCR teat rig 

COAL USED IN FILTER 

Al reoelvod: 
Moisture ..•••••••••...•..................•......•....•...••.•••.•••••••. 
Vol matwr .••.....••.••.................•........•.••....•.....••..•.••• 
Fixed carbon ..•.•...••••....................•........••.....••..••.••••• 
Asb .................................................................... . 
Sulfur-·-··············· ................................................ . 

H:i.«::::n:::::::: :: : : : : :::: :: : : : : : : : : : : : : :: : : : : : : :: : : : : : : : : : : :: : : :: : : : : : 
NltrolllllD .•.••••••••.•••••••••••••••••.•.•••••.••••••••••••••.••••••••.•• 
Oxyll')n •••.••..•......•.••.••••..•.•.••......••.••••..••••••..••••..•...• 

Peroont Dry 
(percent) 

3. 2 •••••···•··••• 
36. 7 37. 9 
63. t 5◄.8 
7.0 7.3 
1.4 1.6 
6.2 6.0 

73.6 67.1 
1.t t.6 

11.4 8.6 

B.t.u. ••••...................................•.•.•.•.•.....•.•.•.••..•.•• 1===1=3, =1=60=l,===1=3,=690
== 
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As recclwd: 

WATER POLLUTION 

TAULE III.-A11al111es from OCR test rig-Continued 

su11,01<; 

Percent 

Moisture _________ --------------- ----------------- ---·------------------- 46. 3 -------·----··
Vol. matwr______________________________________________________________ 20.4 a 1 
Fixed carbon.---------------------------------------------------------·- 26.11 &O Ash .. __________ ------------------------------ --------------------------- e.• ILt 
Sulfur. ------------------------------------------------------------------ • 11 L, 

Hi��
D

.: :::::::::::::::::::::: :::::::::: :::: :: : ::::: ::::::::::::::::: �: ,U 
Nitrogen._. _________________ ----_ -__ ------- ----____ --------------------- • 8 L4 
Oxygeo __________________________________________________________________ l===""=i=l====-==7=.7 

B.&.U----------------- --------------------------------------------------- Cl, 040 lt,tlO 

Vat.er 

Solld 

Katt.er 

�

/ 
D1Holved 

Matter 

PROPOSF.D FLO\l DIACRAH FOR COAL $El/ACE PILOT PLANT 

Coat --------.--JLP�u_!.::lve�r!Jh:!,.J• 

Ueaful Powe 

Senator Booos. We have next scheduled this morning the panel, Dr. 
8mith, Mr. Clapper, Mr. Poole, Mr. Dou�las, Mr. Callison, and Mr. 
Dennis. \Ve thank you for your coopemtion nnd your kindness in 
being herennd your helpfulness. 

PABEL OF DR. SPENCER M. SETH, OOORDmATOR, SECRETARY, 
CITIZENS COMMITTEE ON NATURAL RESOURCF.S; LOUIS S. 
CLAPPER, CHIEF, CONSERVATION EDUCATION DMSION, NA­
TIONAL WILDLIFE FEDERATION; DANIEL A. POOLE, SECRETARY, 
WILDLIFE :MANAGEMENT INSTITUTE; PHILIP A. DOUGLAS, 
EXECUTIVE SECRETARY, SPORT FISHmG INSTITUTE; CHARLE$ 
H. CALLISON, ASSISTANT TO THE PRESIDENT, NATIONAL AUDU­
BON SOCIETY; AND ROBERT T. DENNIS, �!STANT CONSERVA•
TION DIRECTOR, THE IZAAK WALTON LEAGUE OF illERICA

Mr. s�nTH. I am Dr. Spencer Smith. 
Mr. Clapper, who is the chief of the conservlltion education division 

of the N at1onal Wildlife Federation, will testify first. 
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