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These definitions are mére important than. they seem.- Though restrictive to-
make the subject manageable, they still include devices ; of great :diversity..
Fuel as used here excludes important substances often included, such as atomic
“fuels” (e.g. uranium) and metals such as zinc or sodium (1). : o

The words directly and usefully imply that the device has an anode at-which
fuel is oxidizéd and a cathode at which oxygen is reduced; and that the:-con- .
| version proceeds at voltages not greatly below the maximum possible, and at. }

reagonably -high current densities. Lotw-voltage  and: direct-current . aré im=
portant to’ the electrical engineer, who knows of course that electrical energy
of this kind, although different from that ordinarily-generated and transmitted,:
iy of ‘greatest importance to the electrochemical industry..- L TR
- "Phe’ reaction between conventional fuels and ‘oxygen. liberates only.enough:
ehergy to give us about'1 volt per cell under ideal conditions.. As Figure 1 shows,
" éleetrochiemical répetions niormally: generate direct:curreént.  Schemes have been
proposed “to produce ‘what has been loosely called ‘afernating current from.
fuel ‘cells, but'the electrical engineer need not concern himself with such-cells:
in the foreseeable future. : T : : :
: WHAT ARE THE IMPORTANT CONVENTIONAL FUELS? : 2
. In ‘order of decreasing reactivity: hydrogen: (in a ¢lags by itself); compro-
-~ mise fuels; and hydrocarbons. ot T : ,
. Hydrogen belongs by itself because it iy simple and highly reactive, the first
- characteristic: probably being responsible for the gecond, ; When hydrogen. re-
acts at an anode; it loses only one electron per atom: -and - forms simple prod-

ticts. Thig probably explains why hydrogen ean-give s high current densities

(amps/sq. ft. of geometric electrode surface) with. minimum. loss of voltage = -

from:the theoretical, . Current density and rate of ~eléctrochemical -reaction .
are proportional. ERURR B . S
Hydrogen has had a-dominant position from. the first- in the fuel-cell field
(see Figure 2), and hydrogen fuel cells and fuel batteries will be emphasized
in this article. - Hydrogen has serious -disadvantages, among which only high

cost: and difficultiés in handling and storage need:be mentionéd here.. Because -

“of these disadvantages, we must look to other fuels for the future.

The hydrocarbons; espécially the liguid hydrocarbons; are. among ‘the most
important’ and desirable of all ‘fuels.  Unfortunately-they are low: in anodic
regctivity, -and their reactions are.complex, and can:lead to many. products.
They are strong:where hydrogen is weak, and weak whete hydrogen is-strong..
The ‘direct hydrocarbon fuel cell'is a. most difficult regearch assignment, but its

“.’suecessful ‘accomplishment entails rewards that - would outweigh' the difficulties.

- As their name implies, compromise fuels. are of reasonable résctivity, cost,

" ‘gvailability, enérgy content, and not too difficult to" handle. or gtore. - Methyl

alechol and ammonia are prime examples. - Hydraziné weuld be.for:specialized
applications were ‘its price to:drop ten-fold or-more. - The compromise fuels are

likely to be the earliest successors to hydrogen in direct fuel batteries; hydra-
. Zine qualifies' now for. special military applications in which fuel cost is upim-
portant, and the toxicity of hydrazine can be tolerated, - - v .
- 86 far we have not mentioned the commionest fossil fuel, coal. At the begin~
nihg of the century, scientists and engineers began-to wonder whether the dream:
Sgleptricity direct from coal” could beé realized, wheréupon the ‘fuel ¢ell; which -
hiad been almost dorinant 'since"Grove,fﬂsudﬁenlyfbec‘amen;popular.‘ - In: 1900 the:
overall efficiency of ‘steam ‘plants was only -about: 1095, =At-thig:efficiency, they.
‘would’ have offered much:less serious competition  ‘to. o fuelbattery -central- ..
station’ than today; when this efficieticy is 4 tirnes ‘as'great. ' Figure 3 shows.
Yiow far one’man, Jacques, progressed in ‘haking ‘electricity ‘ directly “from-a
earbon much purer than coal. “The caption’ of the‘ﬁgure"éxplains' why wé need:
not consider coal seriously in direct fuel cells today. =" . clplepeadt

CAN INERT FUELS; SUCH A8 HYDROCAREONS, BE USED TODAY ?

Yeés, but indireotly, by changing thein to substances, mainly hydrogen,; more
regctive at fuel-cell gnodés. - Hxamples of such changes are the reaction of cars
‘bonticeous fuels with steam; which is being widely investigated, and:the decompo-
- gition  (“eracking”) of ‘ammonia, ‘which will be used ito’ providé hydrogen:for &
fuel-battery-powered submarine in Sweden. Indirect “systems: thusticombinera .
chemical plant with a fuel battery, and -the combination brings problems not
- present with the fuel battery alone. Ideally, the ehemical: process should be
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4 camed out in the anode chamber to facilitate heat and mass transfer. - Indirect
. systems will be of great mtenm value ' .

L OXYGEN- OB Am?

‘ For applications such ‘as’ spaee tissions in’ which: the nltrogen of- the air:
.- cannot be tolerated, oxygen must be used at the fuel-cell cathode. For terrestrial
applications in which the cost of oxygen is prohibitive, or for which it cannot be
carried because of weight or volume restrictions, ambient air must be used.
‘But the use of air has important drawbacks that concern the engineer, - -

Most fuel-cell electrodes are highly porous so as to make their:true surface«
many. times: the geometric; this is one road to high geometric current density,
current density being proportional.to true surface area.. At high current densi-
ties, cathode pores can become filled with nitrogen; this creates a mass-distri-
_ bution barrier for oxygen-and injures cell performance One.remedy is to make-

the cathodes very thin (10 mils or go thick) and the poreslarge, but this intre-
duces problems of its own. BEspecially in a fuel batbery, where: passages. must be:
narrow to conserve space, forced convection of the air will usually be needed for
acceptablé current densities ‘(say; 100 amps/sq:. £t.).. As nitnogen leaves a bat-
tery containing an aqueous electrolyte; this gas may-carry with it engugh water =
Vépor to. interfere with cell operation. Particularly at-high: current: densities, -
the carbon dioxide (about 0: 03%) present in the air-may give: trouble with alka.
lifie electrolytes eithér by preeipitating solids in the €electrodes or by reacting
with the bulk eléctrolyte ; serubbing the dir to-reriove carbon:dioxide or fregquent
changes of electrolyte may be necessary. Clearly, “free as air” needs qualiﬁca-
tions ag regards the fuel battery. .
" The problems of dir operation are important also because various air batteries
< that are not fuel batteries (e.g., zinc/air batteries) might: be attractive for
applications (such as. vehicular) in which high current densities are mneeded.-
One. desirable by-product of fuel-cell researeh are air cathodes that can ‘serve
other power sources as welli

HOW DO ‘FUBL BATTERIES DIFFER mou srromam BATTEBIES? RN
Storage hatteries do ‘notuse . conventional fuels - Storage batteries containy E

the chemical energy they convert ; hened they must be recharged when this-energy:

is depleted.. Tdeally, the fuel battery can be an:invariant: converter that delivers
‘energy so'long as fuel hnd-oxggen are supplied. :

These two kinds of power sources are. complementary more often than they

are competitive. Storage batteries are favored for high power over short.times
(starting an automobile.or short space missions); fuel batteries are favored
" when the. load: profile ‘calls: for moderate power over longer times (space mis-
sions longer than several days). The trade-offs that must be made are not.
usally simple, and they must be bade on the basis of the complete energy system.
for the load profile in question ; in the case of the fuel-battery, for example, one ..
. must consider energy source plus fuel: plus. oxygen plus peripheral ‘equipment
-~ with proper debit or credit for the reaction produets. 'To handle high peak loads,
fstorag? batteries may be: used and kept charged by tuel batteries in continuous»
operation.

Metal/air ba;tteries, suvch as the zinc/alr batbery mentioned above, are hybrid
‘devices; - as’ regards: the: anodes; they ‘are storage batteries; as- regards the
‘cathode, they- are fuel batteries: - A hybrid device of a different kind' ig the fuel-
storage-battery -of Figure 4, in’ which the fuel (methyl alcohol) is stored in: the
electrolyte (potassiuin hydroxide): that. changes to carbenate as the' battery
operates ;. the solution must be replaced when the fuel is-exhausted, and the
dost of! potassium hydroxide; unfortunately not: negligible, enhances the energy
cost. . The-cathode operates on alr

WHY DO WE‘WANT FUEL BATTERIES ?

- ‘Because they’ are convenient and-promise eventually to be Zow-oost sources: of
electrical-energy:: "Cost must: be judged: relative to convenience: because of - the
convenience it offers; a: fuel battery may prove successful in an-application (eelg.,
o’ space mission) though the cost: of the energyv it pmduces is pmhlbitive by
central@tation standards.
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WIHAT CONSITTUTES -f‘ooﬁvpnmﬁcm” ?

‘Such qualities ag— .~ . :
"7-1. High power rating for unit volume; -
High power rating for unit weight.
Quietness. . :
. Cleanliness. - - : RIS
. ‘Operation on air. - - ; : S
. Continuous unattended operation over long periods.
- . Production of useful water, . Py Lo

In assessing Qualities.1 and 2, the complete system (see: Figure 5) must be
considered.  As regards Quality 4, the ultimate is'a hydrogen/oxygen battery
in dead-ended operation; inm-other cases, complete -oxidation of the fuel is the:
most desirable way of achieving a harmless battery exhaust. ‘Quality: 6 involyes
reliability, maintenance, and life. Quality 7 ‘is important particularly on space
missions. : ‘ o )

NGO OO

WHAT MAKES FOR LOW-COST ELECTRICAL ENERGY ?

1. High efficiency. Vit
2, Low-cost fuel and oxygen. :
8, Low maintenance cost.

4, Longlife.
5. Low capitaliinvestment. : ‘ .

- Not all the factors determining cost have been listed. Research and develop-
ment costs have been omitted because they are impossible of general assessment :
terrestrial fuel batteries benefit from the knowledge gained in developing fuel
‘patteries for space missions: -Research and development costs are high absolutely,
‘and development costs are very: high relative to research: eosts. - Adequate life
tests are expensive. ' R B Lo i

. B i
* WHAT ABOUT EFFICIENOY? : ; :

_ The immunity of the fuel cell to the Carnot-cycle restriction (see Figure 1) was
for long its greatest attraction.. In a modern centril station, the Carnot-cycle
efficiency could be near 65%, and the overall efficiency near 409,. . The overall
efficiency of smaller energy sources that the fuel cell hopes to displace is considera-
bly less than 409, Statements by reputable authorities often mention efficiericies
greater than 65% for the fuel cell, and the popular press is sometimes. even more
optimistic. } e ’ . .

There are efficiencies of various kinds. ~ We shall proceed conservatively, and
define an overall efficiency called the comparative thermal efficiency for the fuel
battery and for the fuel-battery system. These efficiencies are comparable with
the 409, mentioned above for central stations, The two definitions are analogous.

For the battery. (or the system): - i : e . e

Bffar= Net useful work
, CT™AH of fuel consumed L .
Tn the denominator, AH is the highier heat of’ combustion of the fuel actually
consumed in making available the net useful work in the numerator; some of ths
fuel may be consumed by peripheral equipment. In both cases, the electtical
-energy required by the peripheral equipment (such as pumps) with its demand for
garasiti_c power must be subtracted from the gross electrical work (/* Eidt) availa-
le at the fuel battery terminals; the system efficiency may consequently - be
considerably lower than the battery efficiency. s TN
The efficiency of a single fuel cell will usually exceed considerably the twe
‘efficiencies given above, ~Detailed discussion would take us to0 far afield. 'We
shall simply say that under most: conditions this cell efficiency is deterniinied
principally by the voltage eficiency uider operating conditions, Thig eﬂicién%y
is B/E, where E.is the actual cell voltage and E is the maximum. value'of B
which can be caleulated from thermodynamic ‘data ‘and could be réalized-only
.under completely reversible conditions, . 7T T T Lo
: The most important single characteristic of a tuel cell igits curreént density-
" 'voltage curve (Figure 6), which is an index of cell performance and therefore
corresporids to an upper limit for the performance of battery and of system.
The current density (not current) is chosen as abscissa, not only becauge cur-
rent density is proportional to the rate of ‘electrochemical reaction, but alse be~
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cause it.helps determing watts/sq. £ & ratio that helps establish the-size and .
weight of a-power source given rating, = .- = . T o
. ‘As-concerns efficiency, the vital feature of current density-voltage curves'is
that cell voltage always decreases with increasing current density in the use-
ful operating range. To realize maximum: efficiencies, the .cell: would have to
be operated at’ current dehsities too low for doing finite work : microamperes
from alarge power source are seldom useful. ’ : . .
Overall efficiencies. are -often thought of primarily. in. their relation to fuel
:-cost. ~“We hope the time will soon ¢ome when'such thinking' is justified for fuel

batteries. - In this early stage of their development, however, overall efficiencies: .-

are .important’ pritharily. becduse they deterinine unit-capital cost (dollars.per. -
Eilowatt) ‘and in-speeial ‘applications: (space missions, portable power sources)
because these efficiencies’ fix the weight and volume of rTeactants that must’
be earried fordoing a given amount:of work, . . A SREL

HOW RELIABLE ARE FUEL BATTERTES? WHAT IS THEIR LIFE?

‘There can be no firm.: answers to these erucial questions until there has been
much more experience .with fuel -batteries, The answers will differ with' the

= type of battery and: with the duty cycle for a given type. “Reliability’’ and

“life” are concepts difficult-of exact or général definition. In space applica-
" tiong where the fuel batteries are isolated and-cannot be attended, life may be
taken. as synonymous with mean-time-to-failnie, : failure of peripheral. equip-
ment included.  In:Projeet Gemini;. if will be remembered, all the. difficulties:
to-the time:of writing were chargeable. to the peripheral equipment—none to
the fuel cells themselves. In iterrestrial applications; where opportunities exist:-

for ‘adjustment; repair, and replacement, a battery or a §ystem will have a use-, L

ful*life far exceading nigan-timé-to-faily: 24
tioned-above.  Reliability and maintenance costs cannot yet be assessed.
: The life: of single cells under steady load -in the laboratory is thousands of
houts : uniformityis the key to long:lifé. When-cells are assembled to make
batteries,. uniformity is. more difficult to acliieve (see below), with the result
that the life of a single cell may be shortened below what it would bave been
were it operated alone. . Further; when cells are ¢onnected in series, and the life
of an entire stack is that of the cell which is the weakest link, statistical con-
siderations lead ‘to a stack life reduced ‘considerably below the average Tife of a_
single cell operated alone, -For terrestrial applications, it should be possible 1o
“chotse. conditions o that the life of the battery’ limits the life of the system.
« . This analysis is hot meant to be discouraging, - It individual cells show long: .
life, as they do, electrochemicdl engineeis should be-able to design and develop
batteries and systems of adequate life; N B o .
: AWHAT OF UNIT OAPITAL COSTS? -
~Unit capital costs (dollars per kilowatt) eannot be translated to energy costs
%0 long as life is unknown.; : .

What unit capital cost is reaSonable depends upon the premium that the con-
venience of .the fuel battery can command.  In. space missions for which the
weight of other power. sources is:prohibitive, that premium is high. The premium.

ig.at a ‘minimum in the usnal large central stations.. For a, given. térrestrial
~application  (e.g,, power sources for communication equipment),. the premium
is likely .to -be much higher for fuel bat in:military -(as opposed fo com-.
©mercial)-use. .- : ' : ’ :

re under the drastic conditions:men-: * -

A simple calculation will show the, importance of unit capital costs in com-

mercial applications, . Fuel batteries are often suggested for utilizing waste hy- -
drogen.. With d.c, electrical energy. at 1¢ per kilowatt hour,.and with hydrogen
and airatno cost, & hydrogen/air battery at $300 :per-kilowatt installed, operat-
ing. continuously, and- requiring .no. service, -would- produce’ just about. enough
electricity. to recdver the capital investment in three years,. There are no fuel
batteries now on sale at anywhere near $300 per kilowatt that would operate for.
three years under the conditions’stated. : ) :

1 costs for fasl atteries ntenaoa

_Tentative estimates of tolerable: unit. eapita led . .
opinions not, based upon. detailed in- -
s 1 s

for commercial use will \be. given.. These are
formation.. For small (10.to 100 watt) pewer sources, over $1
such power: squrces will Serve;best, where . they, can benefit fro nsistori:
- cireultry, . For central stations, $100 per kilowatt.. For first. use in electric

“vehicles; $200 per kilowatt; for. passenger’ automobiles,. the ultimgte dream,
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very much less. Building @ reliable batterir”off' adequate life for, say, ‘$50. per
kilowatt will not be easy no matter what the fuel, * .. - o S
" In this early stage in the’ development of fuel batteries, congiderations of unit

capital cost warrant the prediction thdt theterrestrial use of these devices will
occur first in small sizes and in military applications. = IR

AT WHAT TEMPERATURES DOFUEL CELLS 'OPERATEY @

The properties of the electrolyte are perhaps the most important’ determinant
of fuel-cell operating temperatures.  Of these properties, we shall>mention only
the electrieal conductivity. One function of the electrolyte is to complete the
electrical circuit (see Figure 1) by the transport of ions, and it is- desirable to
keep the resulting I (2) R/ losses low by close spacing of the'electrodes and by
choosing a temperature at which there is'adequate conductivity.

Typical examples (temperature ranges approximate) :

‘Ion exchange: membranes now-.available, below 100°-C (See Figure 9).
Aquecusacid electiolytes, up to.200° G, - BRI
Aqueous alkaline electrolytes, up to-800°.C.” ‘
Molten carbonate electrolytes; 500-600° G, o

Doped zirconia’ (solid) “electrolytes, 900~1200°C. -

WHERE 18 THE BOUNDARY BETWEEN RESEARCH AND ENGINEERING?

It is convenient, though imprecise, to say-that the fuel cell belongs to research,
and that the steps from-cell to battery and from battery. to system are engineering
assignments. - RS : CE e : S
‘ E WHERE DOES RESEARCH STAND? )

- Though research:is never finished, one can-say. that enotgh iy known:about
hydrogen/oxygen- and hydrogen/air cells to make;the:designing and building .
of :good batteries feasible, Tl e S S
Most research problems relating toenergy conversion can be formulated as
materials problems because the drive.for high ' performance strains materials
“to their limits, . We.shallnot concern ourselves with the usual types of materials
. problems, which arise in eonnection with sealing, corrosion; aging, decompogition,
-or evaporation. B I ST AT SPEE LI, S .
- Wlectrocatalysis is the main résearch problem with fuels other than hydrogen.
For present purposes, we may, (impreeisely) regard -electrocatalysis as the proc-
ess that raises IR-free performance curves like thosé in Figure-6—that is, the
process by which electrode reactions at constant temperature, ‘pressure, and’

" ‘electrolyte are accelerated to:give.a higher current density at a given cell voltage.

A-good "electrocatalyst must be inert toward the ‘electrolyte, have large specific
surface, active morphology, be or resemble a itransition: metal: (see the periodic
*table of the elements), and(if-necessary) dotible s a eatalyst for ‘chemical re-. .
" getions. that gecompany - the electrochemical reaction latinvm. s the best
gingle-electrocatalyst for.fuel-cell electrode reactions. asa group; though it iznot
the best for every reaction. - But/platinum is costly, needed for othet purposes, -
and limited ‘in supply. . Science hasnot yet givenugan understanding: of plati-
mum’s . unique position;in:electrocatalysis, . and we have "therefore no.firm theo-
retical guide lines. for attacking the electrocatalysis problem. " " 7.« P
The rates of -chemical reactions: increase. with temperature. Though: electro--
chemical reactions have complexities-that enter into the temperature dependence
©.of:their rates, one is justified in:assuming that higher.temperatures bring higher
" rates, and that the electrocatalysis: problems should be less 'gerions at higher
temperatures.: - Thig-advantage will be at least partially offset by the. increasing
seriousness of the several types of materials problems (see above), - To illustrate,
.an. oxide-ion electrolyte: resembling ‘doped zirconia; but of greater’conductivity,
would permit reduced operating temperatures for cells with these solid electro--
dytes and make them more attractive... .. = < oo RO R TS S TR

‘ , 9% WHAT OF ENGINEEBING?. @ 7 : ;

The importance of uniformity in a battery was mentioned ‘abové s only if con-
ditions are uniform in a battery.ecan-the performance of the battery approach
that realized for individual cells on a-laboratory bench. ' The attainment of this
uniformity is an engineering assignment because it:-dépends upon the control of
transport processes. - ‘A fue] batiery consumeés reactants and generates: products -
and heat and electricity... The processes that transport mass, momentum, heat,
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" and: electricity must proceed at: rates that majntain conditions uniform within
the battery. -Nonuniformity can fegult in many.ways and have many undesirable
comsequences, one of the miore serious of which will be'illustrated in Figure 7.

In.addition to ensuping uniformity in-the battery, the engineers must also

- choose materials of construction, regulate the eleetrical output of the battery,
and make the step from battery to system. These engineering assignments have
turned out to be:more formidable than many had anticipated, and the engineer
today earries the prmcipal burden in making hydrogen batteries successful.

WHAT ARE" SOME ELECTRICAL PBOBLEMB OF THE FUEL BATTERY ?

The electrlcal problems of the frel battery are inhierent in the performance
carve of:the fuel cell (see Figure ). Two favorable features stand out: (1) At
open cireuit, voltage is ‘maintained W1thout measurable consumption of fuel,
there being no net electroehemical reactlon at zero current. dens1ty (2) Volt-
age efficiency, ‘and hence -ovéra; the usual,
the current density.; - These features make. t direct fuel battery desirable for
equipment that must stand ready: to. perform during long idling periods, or that .
operates most of the time at‘low.load. These advantages may be reduced in an
indirect fuel-battery system owing to the. energy required to keep converter or
reformer ready for operation when load increases.

The low voltage of the single fuel cell:leads to electrical problems, which are
gernierally less serious with hydrogen ag fuél because it gives higher cell voltages
at the sameé current ‘density than do most others: hydrogen might yield E=0.7
wolt ‘at. current densities where hydrocarbons gwe B=:0.8. The obvious way to
obtain needed high- voltages from. fuel cells is to connect them' electrically in
series. :

As was mentmned above, the greater the number of cells in series, the greater
the’chance ohe cell in’ the gtack will fail; asid ‘this. will most often be a fdilure
of' the léast reliable cell: “'Thig eould sinply open-cireuit the stack, or it could:
‘have more serious consequences ~If the failure resulted from an interruption
“6f the hydrogen o oxygen supply, the other:cells in the stack could “drive’ the
‘otie’ affected and éause unwanted reactions to oecur at the electrodes. This is
the serious lack of uniformity mentioned above. Ag Tigure 7 shows, this type
of failure could lead to the generation of oxygen inthe hydrogen (anode) cham-
ber and to the generation of hydrogen in the oxygen (cathode) chamber, clearly
-#hiundesirable state of affairs. :

“For cells connected:in parallel; complete failure will 'usually not oceur until
‘thi most reliable ‘eell has failed although i:her “avill “have been a -decrease in
‘carrent prior to complete failure. From: thi standpoing -of reliahillty, it B
desirablé to minimize serles—and: mnximizé parallel conmections.” -

" There ig a limit to how: far one can 'go. ' Maximizing parallet comnections. im—
plies the handling of ‘large curients and the incurring of high I (2):R lossés,

-andthete 18 'the added difficulty that most electrioal 'equiptaent operstes at volt-
‘ages ‘considerably: above: that of ‘a single eell. /Solid-state-de-de converters are
‘now available at ratings: from 20 watts to a8’ few kilowatts, but- these are ineffi-
«clent at low input voltages. : They are neveitheless valuable becanse they make
it possible to reduce the number of cells conneéted in-series, the extent of maxi-
mum reduction’being set by the conversion inefficiency: consadered tolerable, and
by the probability of failure of a cell in the stack.

“De-ac inversion forismall topds ‘can'also be accomplished; bwt only with heavier
~amd more costly equipment than: de-dé ‘convergion requires;’ At present, we'do
‘net believe: that: iuversion of Tuelbdttery power. on d ceritralstation seale nded
e considered 1 if -ambh. povier: iea icorhpete- on ‘thil sbals at:all, 46 ‘will ‘have to
wompete . for de applications;: ¥ in the ! electroélaemica—l mdustfy The in-
dustry provides a: lavge market: perhbps 5% of tie 200/600,000 kv total: Kuieri-
.ean generating mpadt userves»this market,% bmw ha’lf of whieh pmduoes

- alaminun. Pl vl
The performance curve m Figure 6 also permits eonclusmnsi about bperation :
- at various'power levels. Ags Figure 8 makes clear, operation at maximum power
density is possible only at reduced’ efficiency, and. this reduction becomes pro-
hibitive at current densmes above th for maxxmum .power density

‘om ‘mn wm mm RY-AS & OHEMIGAL PLANTY

the W,wtervgemwatea bvy H@/O $teries will be drunk or u:sleol in othier -
Tie ﬁuel battery w,iﬁz then benot: oamly ‘deigeherating plant but & chemical

e, iy higher the lower ..
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- factory as:well, . Isthis appealing coneept likely to prove widely useful on-earth?
“We think not. N ST I ) e SR
Tt i trae that many important chemicals. are produced by :exidation; and that.
sueh'oxidation can:often. be: done-advantageously at-am anode. .Although we do
not exclude the possibility that electricity may be a useful by-product in special
casesisuch as:the:oxidation of sodium amalgam in the ‘preparation of caustic, we
donot think the combination of chemical factory and fuel:eell will prove
generally useful for these reasons 3): o S .
(1) The amount of electrical energy produced annually by the power industry
ig g0 large that the Dbyrpreduct electricity we -are: congidering. will. appear ‘very
.gitinll ‘besidesit. - Forsexdample,ia nough: estimate shows that the electrical energy
produced in the United States in e tponth.: (5:8:% 10% kilowatt ‘hours)-isiequiva-
Tent to:all the.sulfurie acid (32 million- tons) made. here in two.years. - (802 is
assumed ‘as starting/material:) Sulfuric acid-was chosen because:it: is.a. high
© ‘tonnage chemical, not: beciuse it is-adapted: to manufactare in-a fael:cell St e
follows that any chenical:made in amounts below 1.million tons annually eould
not: produceiby-product, eleetricity Jin.signifieant’amounts. - ., L :
“ (2). The value -of such by-product eleetricity is low relative .to that of the
chemical ‘produced. 'This is true even in the ease of ‘sulfuric.acid: less than 1
centifor the ikilowattshour equivalent to 12 pounds of ‘acid worth about 12 cents.
#Dhis twelve-fold natio will;be much: greater with most other.chemieals. Lot
“(3) An electrochemical device must usually meet different requirements for
the ‘ optimum generation of- electricity and ‘for the optimum -production -of &
chemieals . Conmditions for ‘the.latter process can:;be.amoere closely controlled :if
A woltage is-imposed: on:the cell—if -electricity is-congumed instead of sgenerateéd.
A improved - yield!-or’ a :chemiecal of better :qualityshould - usually justify ~this:
approfels, . o RO T T e ARV S

| SHOULD FULL BATTERIES BE 0ONGSIDERED FOR ENERGY STORAGEY

In gpace, yes,.if solar-energy converters. are aviilable. The scheme here is.to
Leonvert an:excess of solar:energy into electrical energy. during the .orbital-day,
use this excess to eleetrolye.a working substance (e.g., H,0), and recombine: the
-products of electrolysis {H, and 0:) in‘a fuel battery to. produce electrical energy
during the:orbital night. .Electrolyzer-and fuel battery here congtitute a regen-
.erative-system; the two may bethe:same device. Such .energy storage sounds
attractive, but there ;are. problems with both the solar converter and the electro-
<hemiegl :system. . .. 0 - T S TR

A recent articlé on pumped storage by Friedlander A{4), shows. that .this -
method of -storing.energyron a large seale is so -economical 8s.to- make. competi--
tion by electrochemieal regenerative systems (see above). appear hopeless; . The
efficiency of stuch systems, being the product of the efficiencies. -of fiiel hattery

.and selectrolyzer, ie much:lower than: that of fuel battery..alone,

D o WHAT, I8 THE PREBENT -OUTLOOK . FOR: FUEL BATTERIES? «: .0 ' -

Anyone called upon to answer this question is .entitled to quote Mr. Justice
‘Holmes (5) : “Every year if not every day we haye to wager our salvation upon
:some prophecy based upon imperfect knowledge.” =~ = :

This prediction (6) was made before 1960: “The current increase in fuel
.cell activity, if maintained, makes it likely that fuel cells will serve as power
:sourées-in :special applications within: the next.5 years. .Successful,, practical .
.model .cells-are already-with us. The future -of central:station fuel «cells: cannot
‘be predicted, today.” Figure 4 and Figure 9 show rthat the first sentence.of:this . -
‘prediction was not rashly eptimistie. .« .. 5. . PR o T

.- Next, the reader sghould examine .2 ‘reeent, -authoritative, .and .more: deta
‘prediction by Lord Rothschild (7) speaking for “Shell” Research Ltd., where
important - fuel-cell .work ‘is being :done. This is a conservative prediction,
-reconcilable with that to be made below: .- .. L e e

The prediction that follows is made within these boundary conditions: 1. It
is based on:the published material we know. 2. It includes applications, such
s space’ and military, in which the fuel battery commands. a premium for
convenience, 3.'It assumes that air, when available, will be used.at the cathode.
JAir. is consideped unavailable in space and under water. The.prediction will

ot be documented and only a few examples will be eited..

- §pace~The fuel battery has established itself for space missions (Gé!féfal
Electric; Figure 4). Fuiure missions are scheduled to use fuel ‘ba,;tberles by -
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‘Pratt -and’ ‘Whitney-batteries based: on' the distinguishéd work begun: “over |
thirty years ago-by Mr. F. T. Bacon. : -
.7 Portable (carriable by one or two men’).—Successful application within three
years seems’cerfaih with power sourees for military communication. equipment
-in‘a preferred position. ol : : . RS
‘Transportadle (earriable by vehicle with batteries for propulsion excluded).—
“Already installed by -Brown' Beveri ' (Figure4). ~Successful ‘military applica.

o .. tions of other‘types-at higher ratings seem likely:

< - Propulsion.—Successful - applications “will’‘come ‘first -on . military vehicles. "

Golf carts ‘with' hyidrezine batteries have been demonstrated by Allis-Chalmers, °
-Military fork-lift  trucks should operate on fuel batteries within 10 years. :The
Swedish submarine effort was mentioned above. L :

" The passenger ‘antomobile’ seemingly - affords the fuel battéry a great  oppor-
‘tunity, but unit capital cost is such a formidable hurdle now that other problems
are scarcely worth discussing. For the present,. effort should be concentrated
onautomobiles:that use’wtorage: batteries (8) perhaps new types not yet in
use, which might be replaced or augmented by satisfactory fuel batteries. Eng-
lish. opinion’ holds that the locomotive or the fuel-battery-powered railroad car

. -is a-more promising application than the passenger automobile; Hydrogen/

‘oxygen batteries to operate all three conld be built at a high price today; it will

: '?gﬁgememberéd that Allis-Chaltmers used such a. battery to:power ‘& tractor in

- The Home~-Steady progress (Broers, TNO, Holland ; Institute for Gas Tech-

" nology, Chicago) being made on methane/air batteries with ‘molten-carbenate
-eleetrolytes leads-one to: expecet experimental home installations exceeding 209
in 'comparative: thermal efficiency: within 5 .yeéars; such fuel batteries would: be
connected to banks 'of storage batteries as energy reserve for peak loads. :

\Central Stations—The earlier prediction (6) stands with a few added. re-
marks. . The central station ranks with-the passenger automobile in diffculty
as an application for the fuel battery. It differs from the ‘automobile in that

Unit capital cost is-a less'gerious hurdle here than:overall energy cost.” The
future of ‘the fuel ‘battéry in the large-scale generation of electricity -seéms
‘linked to the future of natural gas.’ The growth of atomic -energy installations,
and- the effect this will'have 6n the-coal industry, both énter the picture becauge

_“otle’ must look perhaps 4’ decade ahead for the -earliest ‘tifne" that o -eentral-
‘station fuel-battery might begin to be ‘used. - But there is ‘hope for ‘the: fuel bat-
: 'tery in smaller central stations that serve a single community—stations in which
- the use of heat and of electrical énergy will be efficiently combined, and ‘dis
- “tribution costs will be reduced: " - T e T T T e
i The reader wishing' to ‘veéconcile our'prediction with-that of:Referénce 7 ‘will
‘note that We have stresséd: fuel batteries of low ratifigs, and ineluded ‘space and
military dpplications. ! e R o
A logical position at present seems ‘to be that fuel-cell research should con-
tinue so long as significant progress is made, and that the engineering develop-
ment: of Hy/Q;':and - of ‘Hy/air batteries for ‘favorable applications should be
‘emphasized. Fuel batteries will prove themselves indispensable in_some appli-
cations and useful in many others, . 0 o0 v toa R T
* T gladly thank Dr. B. J. Cairns for his help on this papér, .

v

ey

C tandards Publication No. 'OV 141964, “Fuhel: Cell ‘Definitions”;, Nationsl
) cal Manufaecturérs Associdtion, New York; is much'less restrictive. By
“their definitions; an electrochemical cell in which ‘cesium and fluorine combine

.continuously would have to be calleda fuel cell. - S R
' 2/ Private ‘conimunication, Hi G. Plust, Brown; Boveri and Company, March 22,
1086 e ‘ k : P PAT

| 2382C, “The Fuel Cell and The Power Industry”, March 1960, = '

*'4,°G, ' D. Friedlander, TBFE Speetruni, 7, No. 10, 58; October 1964, "

LB Abrams v, U8, 250 U.S, 6167624 (1919), Holmes, T., dissenting, -* -

.8 H. A. Liebliafsky and D. L. Douglas, Tnd. Eng. Chem.; 52, 298 (1960). " -
Lord Rothschild, Sctence Journal, 7,82 (1965). . Voo e i e

'8, 'See for eéxample Maxwell Boyd, “Electric 60 mph “‘mini’ out soon”, London:

'8 H. A. Tiebhatsky and E.'J. Cairns, General Electric Report No. 60-RL~ -

Sunday Times, Egb;.-27._,’1966; T

P
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- Plgure’ 1. By ‘their chemical natures, fuely ‘tend''te: give up. electrons; and
‘oxygen tends to capture them. «‘This tendency leads to a transfer-of elections

from fuel to.oxygen during combustion. -In-the fuel ‘¢éll;the isame: process’ is.

made to proceed at two electrodes in more‘orderly fashion. - ..« i - B

. Plectrons are given up by ‘the: fuel at the anode; flow through: the external

eircuit- where ‘they can' do work, axid ‘are captured=by oxygen at the-cathode. .

The circuit is completed by the flow of ions through the ‘electrolyte, which is-
. yirtually impervious to-electrons,  Note that the eleetrical transport resulting
in work is a directed process throughout. -This explains why" the fuel cell
escapes the Carnot-cycle limitation, which applies when heat energy (random)
is converted inte work (directed).. s N ’
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Fjgure 2, The First Fuel-Battery System (1842). Grove several years before
‘had the dream 6f “effecting the decomopsition of water by means iof its compeosi
tion”—+in: our language; of using a hydrogen-oxygen fuel battery  (four cells of
which are shown connected in series-abiove). as the power source for an elec-
trolysis cell in whieh ‘hydrogen -and oxygen are produced. Twenty-six cells in
- series were required-to.decompose water in the upper cell, Sulfuric acid was the
electrolyte; and the electrodes were platinum. . . Gu ot :

~'Fhe combination of Tuel battery and electrolyzer is-the basis of regenerative
electrochemical systems for energy storage, - : PR S B

R ﬁy =
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~.. Figure 3. Another dream: “Electrieity -direct from coal” (Jacques, 1896).
- This carbon-air battery delivered 16 amperes at 90 volts and was said to have
been in operatien for 6 months when:the picture was taken. 'The-electrolyte was
molten potassium hydroxide (costly) which was changed to potassium carbonate
(cheap) as the battery operated. This alone makes the battery uneconomic. In
addition, its efficiency—erroneously placed at “82 per cent of the theoretical”—
-wag grossly overestimated, and.the inventor did not come to grips with the diffi-
culties that would have arisen from impurities (ash, sulfur) had he used coal.

~ F1GURE 8 -
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. 'Figure 4. The fuel-battery system' for Project" Gemini. **(Qourtesy “‘Direet-
" ‘Energy Conversion Operation; General Hlectric Co.,:Lynn;’ ass,)  Water: trang-
port to the accumulator is accomplished without moving parts by means of wicks
-and a pressure differential across a'porous member, ¢ T oo o
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. Figure 5. Idealized performance curye for a fuel cell The value E=1.229"
volts at 25°C is the -maximum permitted by thermodynamics-for a H:/0: cell . at
standard conditions. In Region I, loss of voltage oceurs principally at the elec-
trodes. In Region II, this loss is increased by the internal resistence of the cell.
in Region III, the perpendicular decrease in voltage results from a limitation
in mass transport. v nAE :

The equation for the curve is explained in Liebhafsky and Cairns “Fuel Cells
and Fuel Batteries,” soon to be published by John Wiley and Sons. - :
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i Figure 6. Gonsequenee of One Kind of Lack of Uniformwy ifi a Fuel Battery.

Interrupting the supply of oxygen and of hydrogen to one cell in a series-con- |

nected battery causes tlie other cells to - “drive” the alictéd cell. Undesired
el?ectrode reafcﬁom m the aﬂiicted cell r%sulf g

_ le] — e o
= Hjr s 2= P e
lllllM o ELEC- ‘
e - .| ATRO- 4 ‘
Hp /0, FUEL BATTERY WYTE'Y |
(ACID ELECTROLYTE) | pHr—
NORMAL OPERATION. La__d
© REACTIONS ANGDE. CATHGDE."

ANODE (A) : Hp =2H + 2 ELECTRONS
CATHODE (C): 2 ELECTRONS + 2H™ 1/2 05 = H,0 :
SUM:  Hpt 2 0p= ”20 (comeusuov OF HYDR ossN) :

Hz/oa FUEL BATTERY
(ACID ELECTROLYTE)
ONE CELL DRIVEN TO ELECTROLYSIS A |
 BY Hp AND 0 STARVATION . pepcrions (in Tis CELL ONLY)
' " ANODE (A): H,0 =1/2.0, +2H* + 2 ELECTRONS
CATHODE (8); 2 H™+ 2 ELECTRONS, = H,

SuMY THQO = H 172 0, (ELECTROLYSIS
‘ OF VATER)

FIgURE 6
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Figure 7. Idealized curve based on Figure 5 showing how the power generaﬁed’ “
by a fuel cell varies with curent density. Comparison with Figure 5 will show

that the cell voltage at the current density for maximum power.has fallen to
about 0.6, which meang reduced efficiency.. : R

50—

o S
SO o
e !

)
O
-

POWER watts/cm?

0f—1 < L | gt v ' L
0 200 400 600 800
i CURRENT DENSITY i, ma/cm?

1000




816 ADEQUACY OF-TECHNOLOGY FOR POLLUTION ABATEMENT

‘Figure: 8. The Fuel Batte - Project A pictorial histor,
- development by the General Hlee Jom; s

. - F1GUERE 8

- Question 2: What are yowr views on the problem of wltimate dis-
posal o Z nuclear fuel wastes (after reprocessing) when nuclear-electric
power becomes o dominant factor? L S R
~ Answer: In a broad sense, this question has been the subject of con-
siderable study, concern, and—in many cases—debate by nuclear in-
‘dustry professionals, State and Federal agencies, and other interested
grou s or individuals both domestically and worldwide for over two
- decades. During this time, high-level waste handling practices have
evolved and sufficient operating experience has been accumulated to
- prove the applicability and,in general, the acceptability of these meth- -
~ods for radioactive waste storage on an interim basis, as contrasted to -

permanent or ultimate disposal. = A
Fission product wastes derived from solvent extraction separations
plants (the current standard reprocessing method) are generally classi-
fied into four categories: high-, intermediate-, and low-level aqueous
wastes, and gaseous wastes. The principal characteristics of these
waste streams are as follows: S , 2
High-level wastes—High-level waste is generally the waste raf-
finate from the first cycle of solvent extraction. This raffinate stream
- is acidic and contains 99.9-plus percent of all the fission products orig-
~inally present in the spent nuclear fuel. The raffinate stream is
normally concentrated by evaporation to yield a final waste solution
- of a few hundred gallons per ton of uranium processed. This final
high-level waste solution is stored fin either an acidic or alkaline form
in underground tanks (either stainless steel or mild steel) with an-
cillary operating facilities and instrumentation to detect maloperation
of the specific containment systems employed.

The water rejected from the waste concentration step above is con-
taminated with far lesser qua‘ntities of fission products than the orig-
inal high-level wastes and 1s subsequently handled as an intermediate-
-level waste. T P A A o
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Intermediate-level wastes—These wastes are generally composed of :

1. Second:cycle wastes derived from the solvent extraction
process. - ST R T .

" 9. First cycle waste condensates. -~ . A
3. Coating wastes derived from the chemical decladding of -
‘nuclear fuel elements. o G ,
4. Aqueous wastes accumulated from washing and purifying

~ the organic extractant. L ‘ o &

These wastes, either singly or pooled, are concentrated by evapora-
tion. The distillate is routed to the low-level waste treatment system.
The concentrated waste (still bottoms) is stored in underground tanks.
- The volume of intermediate-level waste generated per ton of uranium
- processed is several fold larger than that for the high-level waste. -
7 Low-level wastes—Low-level wastes are made up of water rejected
from the distillation of intermediate-level wastes, process cooling
water which has the potential of hecoming contaminated, and other -
related process streams. This very. large volume waste stream 18 ¢
treated by various methods to reduce the fission product content to
~ acceptable levels and fs then discharged to. the environment. The

" fission products which were removed or “scavenged” from this solu-
tion-are retained by tank storage on the plant site. R
 Gaseous wastes.—Gaseous wastes contain volatile fission products
‘(for example, krypton and xenon) and other fission products that es-
“cape the chemical separations operations with process and ventilation

" air (for example, radio-iodine, tritium, ‘and so forth). The gaseous.

wastes are treated chemically and filtered extensively tomeet discharge -
limits for the disposal of gaseous wastes to the atmosphere. -

. CHARACTERISTICS OF WASTE STORAGE PRACTIOR

.. From the foregoing, it is immediately evident that: ;
‘ 1. The fission product wastes are retained at-the separation
plant in a liquid and mobile form. Thus, these wastes are stored,
not disposed of. V ‘ B : S :
9. The only material disposed of; in the strictest sense and:ex- .
~cluding the gaseous wastes,1s water. . e o T e T
3. The integrity of the storage vessel is all important. Suc- .-
cessive generations of storage tanks must beavailable as the
« original vessels fail from corrosion or.other causes. . . S =
4, The storage system must be monitored continually to detect
failure of the containment system resulting in the unwanted dis<’
persal of fission products in.a mobile formto the environs. ‘
‘ . ACTIVITIES IN THE WASTE MANAGEMENT FIELD B
__'The U.8. Atomic Energy Comimnission is' currently supporting & -
multimillion-dollar program within the-AEC complex ¢ ’ p
- demonstrate practical and economic means of converting high-level
aqueous wastes, typical of those assumed. to be produced by the com-
Theége fission”

‘mercial fuel reprocessing industry, to immobile solids. . .
.groduct_-contammg;,soll,ds, either as calcines or after conversion to.
‘glagses,” are to be packaged inhigh integrity metal containers suit-

.

able for permanent storage in special geological formations, that 18, salt
mines, and so forth. It is to be noted that the conversion of the, liquid ~

to developand
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-waste to a solid form results in an additional ‘benefit; namely, the. |
-volume of calcined waste is the order of 1 cubic foot per ton of uranium -
rocessed as contrasted to a.value of several hundred gallons per ton
or the liquid waste. - This program:is scheduled for completion in .
the next 2 to 8 years. : L o .
Similar, but less extensive, programs are also being carried forward
by the AEC for the conversion of intermediate-level wastes to im-
mobile forms. ~Activities in the foreign field are also being pursued
-along technical lines:paralleling those of the U.S. Atomic Energy
‘Commission, . - - ; S ‘ ‘ ‘

| FUEL RECOVERY OPERATION-—WASTE MANAGEMENT OBJECTIVES

During the 1970’s and beyond, it-is expected that nuclear electric
power will play a major role inttii*e domestic electric power field, and
as aconsequence there will-be 4 considerable amount of activity in
. the commercial nuclear fuel reprocessing business with the attendant
‘production of fission product wastes. :
The General Electric Co., through its fuel recovery operation, plans
to participate in this expanding commercial business and will em-
ploy a technically advanced (relative to solvent extraction) reprocess-
ing system for the recovery of the valuable constituents of spent nu-
.clear fuels. .. . Lo ; S B
. "The waste handling operations planned for this advanced process—
the aguafluor process—are consistent with-our overall views on radio-
_* active materials waste management ; namely : T
' 1. The high-level reprocessing waste will be converted to dry,
solid form and. subsequently sealed in metal containers. ~These
waste containers will be retained at the separations plant to per-
mit periodic evaluation of the integrity of the packaged waste
. and to allow for waste accountability and/or retrieval, if desired.
2. Intermediate- and low-level wastes will be stored in a solid, .
nonmigratory matrix. SR s R
8. No liquid waste:will be discharged to the surrounding sur-
- face or ground.waters. A ‘ = S

| SUMMARY

" Tn summary, it is our view that: . - o
- L_All high-level radioactive wastes should be converted to.a
solid, nonmigratory form. ' ‘ ‘

»

~ “Since some of the fission kprOducts in-high-level waste, for ex-

ample, Sr-90, Cs-137, Pu-2389, represent a significant hazard to
man for many centuries, this waste should be packaged and stored

“so that surveillance-and retrieval is possible. T G
-2, Intermediate-level waste, although not as significant a hazard

© “toman as high-level waste, should at least be stored in a nonmig- .

" ratory matrix. o It _ ,
.. .8, Gaseous wastes may be discharged-to the environment as long
~as the radioactive content. is below discharge limits as set by regu-
. latory agencies, It can be noted, however, that recovery of kryp- -
" ton and xenon from gaseous wastes may become attractive as the-
separations industry matures. Tt is unlikely that their recovery .
- would be based on health and safety criteria; but rather for their -

subsequent use as commercial chemicals. -




"RESPONSES To QUESTIONS OF THE SUBJOMMITTEE ON SCIENCE, RESEARCH,
. AND DrveLopMENT BY DR. Crarims A. Bismor, U.S, Steen Core. .

- -Question 1: How does the steel industry view the possibilities for
;ecy}cbf?e of metals in manufactured goods—autos, refrigerators, and so
«fort L , .
‘Answer: The steel industry has through the years been a purchaser
.of scrap for recycle. According to a recent statement before the Sen-
‘ate subcommittee considering bill 8. 3400, Mr. W; S. Story, executive
~ vice president of the Institute of Scrap Iron & Steel, stated that in-the
- -past 2 years steel mills and foundries bought morethan 30 million tons
-of prepared serap annually. - This included more than 6 million tons
-of auto scrap. L R S TR T
Scrap may be contaminated with foreign materials such as eopper,
- npickel, zine, lead, tin, aluminum, rubber, plastics, and so forth. While
‘none of these foreign materials are helpful, at least three—copper,
‘nickel, and. tin—cannot be removed in tge normal course of making
steel. = Accordingly, preparation of scrap by the scrap dealer is the
-only safeguard. I-fowever, I understand a great deal of thought is
'bein% given in many different quarters to solving the segregation
“problem by mechanical and magnetic metheds. . e v
"~ In reading about the recycling:of serap; it is apparent that there are
-many ancillary problems, such as the collection of serap in a neighbor- *
‘hood, the legal redtape as to the ownership of discarded wehicles, re-
frigerators, and other junk left on public property,and. the ultimate
‘transporation of the processed sorap to:the steel plants.
Question 8: Regarding the need ‘in a number of industries for a
process to remove SO, from stack gases, could this best be attacked by
Pederal B. & D. contracts, or by on' intérindustry cooperative. pro-
| gram, or by individudl process engineering companies? -
- Answer: Since so many industries burn coal and oil, there is a broad
interest in processes for removing SQ. from stack gases. I believe
+ that the initial studies should be carried out by Federal R..& D. con-
‘tracts, either by Government agencies such as the Bureau of Mines, or
by private research groups.. For processes which show "promise,
.grants should be made for demonstration plants to test the engineer-
- Ing design features. _ ' B
! 819~




RespoNses To QUESTIONS oF THE SuBcoMMITTES 0N ScTENeE, RESEARCH,
ANDp’ DevevopMeNnT BY Dr. Corin M. MacLeop, Execurive OFFICE
OF THE PRESIDENT : '

Question 1: Could you describe emisting coordination mechanisms
within the executive bramch for scientific activity in envirommental
pollution? - R Sl Ee P e e

" Answer: The President’s Office of Science and Technology functions:

“to coordinate scientific activities on environmental pollution in a -
variety of ways.. In addition to providing advice and assistance to

© the President by evaluating programs and assisting to develc‘;pvfpdicies, -

_the Office assists in coordinating agency activitiés through frequent
. formal and informal contacts with agency representatives.

. The Office of Science and Technology maintains close liaison with
the Federal Committee on Pest Control, including ‘attendance at all
meetings of FCPC. The Office also works closely with the Bureau
of ‘the Budget. in providing leadership‘in the planning: of Federal
‘Government programs, organization,and policy on matters of environ- -
- mental pollution. -~ - b T I L

‘The OST staff is presently analyzing and evaluating the responses

of Government agencies to the President’s request for recommenda-
tions as to how the Federal Government can best direet its efforts.

-~ toward advancing understanding of natural plant and animal com-

‘munities and their interactions with man, which is concerned directly
with environmental pollution and natural beauty.
The Office provides a staff member to participate in the President’s
Council on Recreation and Natural Beauty. . -~ =~ = . .

- The Committee on Water Resources Research of the Federal Council
for Science and Technology has evaluated the needs for research in.
‘problems of ‘water pollution by the Federal Government. - Tts recom-" "

-mendations.on water quality management and protection are included -
_in the report “A 10-Year:Program of Federal Water Resources Re-
search” (1966). The work of the FCST Committee on Watér Re-
sources Research was suppoited by the Panel on Water Resources of
the Office of Science and Technology. The recommendations of the
-Panel are reflected in the report of the FCST Committee on Water
Resources Research. ‘ . v SIS
In addition to the 10-year program for water resources research,

the Federal Council for Science and Technology has issued progress .
© reports on. Federal water resources research for each of the past 8 years.
“'The President’s Science Advisory Committee, for which OST pro-
vides staff shp}})lort, has studied in depth a number of major pollution
- problems and has made recommendations for policies and programs

- needed to alleviate them. Examplesinclude the PSAC reports: “Use
of Pesticides” (1963), “Restoring the Quality of our Environment”
- (1965), and “Effective Use of the Sea” (1966). At the present time
the Office of Science and Technology and the Bureau of the Budget are
analyzing and coordinating the responses of Government agencies to
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_the recommendations in the report “Restoring: the Quality of Our
Environment” and will take actions based on%%is analysis. ,
Question 2: Is there a formal procedure whereby Federal activities
which might result in lowering the quality of the environment can be
reviewed in the light of broader public interest considerations? (Such -
@ fumetion might be similar to the Federal € ommittee on Pest Control.)
| "Answer: At the present time there is no organization whose pri-
" mary responsibility is to review comprehensively Federal ‘activities: -
~that might result in lowering the quality of our environment. The
Tederal Committee on Pest Control is concerned with insecticides,
fungicides, nematocides, herbicides, and bactericides. In addition, the
Special Assistant for Science and Technology, under a national se-
' curity action memorandum, has the responsibility to review, large-
‘scale experiments that might have a deleterious effect on the environ-
“ment.  Major problems of environmental pollution have been evalu- -
"~ ated from time to time by the President’s Science Advisory Committee

- asnoted above, e , , o
"~ The evaluation the Office of Science and Technology and the Bureau -
. of the Budget is presently making of the recommendations of the
~ PSAC report “Restoring the Quality of Our Environment” and the
~responses of Government agencies to that report, includes considera-
* tion of establishing either an interagency committee on environmental
pollution or a committee of the Federal Couneil for Science and Tech-
nology to be concerned with problems of environmental pollution.

" The PSAC report made the following recommendations concerning
identification of problems and coordination of actions: o
. %(a) The Federal Council for Science and Technolo - should - es-
~‘tablish ‘a Committee on Pollution Problems, compose of its own
- members. : SRR L

" %(b) The Nationaly'Acad'emy of Scieﬁcés‘;-National Research Coﬁﬁ= S

~ cil should be asked to establish' an Environmental Pollution Board,.
to be supported by Government grant. . pre e '
“(¢). This NAS-NRC Board should meet jointly ‘with the FCST
Committee at least once a year to disctiss newly recognized broad
* problems and current changes in the apparent importance of those
previously recognized. ; : :
“(dy »’the Board and Committee should cooperate, through working-
level mechanisms such as joint panels, to identify the most pressing
" broad problems, and the general character of new knowledge or tech-
_niques needed to study or ameliorate them.” R
ur current evalaution of the PSAC report is deeply concerned
* with these recommendations: P ©n T u
" Question 3: What is your view on the “National Commission for
Enwironmental Protection” suggested by the NAS report “Waste
 Management and Control”? ‘ ’ : ‘ R
Answer: In my oEinion a high-level ?lanning and coordinating
body should be established such as the ‘National Commission for
Environmental Protection” suggested in the NAS report, or mech-
anisms such as were recommended in the PSAC report and noted im-
mediately above. R ' s

When the OST/BOB evaluation of the PSAC Report “Restoring*
~the Quality of our Environment™ has been completed, we will be'in’
- a much better position to recommend what type of planning and’
- coordinating body or bodies should be established. ; :
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4 RESPO’NSES TO QUESTIONS oF THE S’UBOOMMIT’I‘EE oN ScENcE, RESEAR@H,]'
“AND DEVELOPMENT BY DR J OHN L BUCKLEY, DEPARTM’ENT OF THE
INTERIOR. . . : : :

Questzon 1: Oould Yyou furmsh a table or oﬁart showmg all of the -
Department of the Interior scientific activity in environmental pollu-
tion by subject and orgamizdtional structure; and any formal or in~ -
formal coordination mechanisms with other agencies?

- Answer : Department of the Interlor Sc1ent1ﬁc Act1v1ty in Enmron—

: . ‘ \ Org'a'nizati'omﬁ \Un“it‘ and »S’u’bj‘ect o
Bureauomees BRI R ERE ‘ i
_Air pollution: Removal of polluta,nts from fuels; unproved com-‘ :
bustion ; removal of pollutants from stack ga,ses ’
“Solid vlvasbes Mining and manufacturmg ‘wastes;. recychng of
-metals
‘Water pollution : Acid mine dramage control :
Sport Fisheries and Wildlife: Effects of pollutlon L‘specla.lly pestl-
cidés; acid mine drainage; = ‘
Burea,u of Commercial Fisheries: Effects of pollutw-n Especm,lly‘
-pesticides and radionuclides; pollutien of estuaries:
Bureau of Reclamation :. Water p@ll%tmn Lspemally 1rr1gat1on in-
duced salinity.
Federal Water Pollutlon, Control Admmlstra;tlon Water pollutlon :
All phages. ,
-~ QOffice of Coal Research: Use-of coal in sewage treatment.
Office of Water Resources Research Grant support of water pollutlon
‘research, all phases. : '
Office of Saline Water : Waste treatment -
Geological Survey: Water pollution : Identlﬁca,tlon oi’ ‘pollutants, in-
- strumentation, hydrologyy Waber quahty dad:a Waste dlsposad by_
©dee 1n]ect10n
000r ination with other agenmes : .
: Membership on Federal Commltiﬁee ‘on. Pest Cantrol and its sub-"
commiittees for pesticide matters. - ~». . =
Formal liaison contacts for air pollution, - -
Numerous inforinal contacts. :

Question 2: What are your views on a polzm/ which 'would reserve
fossil fuels, partiowlarly petrolewm, for use as chemical raw materials, -
while accelerating the use of electmozty genemted by means other than

- fossil fuel-combustion?

~Answer: I personally beheve that such a pohcy is necessary:in the¢

very long run. Known reserves of coal are adequate for the foreses- .
able future, and it will doubtless be pessible to convert coal into g o
or liquid fuels. Nevertheless, the twin advantages of reduced CO,
- generation and availability of the fossil fuels as chemical raw materials
while: they are still abundant enough to be cheap, strongly suggest
the desirability of a pohcy ‘that encourages gra,dual transntmn to’
other ‘energy sources, : _
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RrespoNses To (QUESTIONS OF THE ‘SUBCOMMITTEE ON SCIENCE, Re
SEARCH, AND DEvirLopMENT BYMRr. Joun' O. Loeax; MANUFACTUR-

NG CreMIsTS” ASSOCTATION - ik

- Question 1: It is recognized that although pollution is caused by
many different industries, it is o chemical problem,  Therefore, re-
" gardless of source, how. can industrial chemical technology bést be

brought to work on the solution? B et S '

" Answer: The'statement that “although pollution is caused by many
different industries, it is a chemical problem” is an oversimplification.
Actually, while all pollutants are chemical in character and amenable
to chemical technology, it does not necessarily follow that the applica-
tion of chemical technology is the most economic and practical answer
to each pollution problem. ' : R

We believe the chemical technelogy of the industry can best be uti-

- lized along the following lines: =~~~ - Lo L

' () The chemical industry voluntarily, as well as under incen- -

tive or pressure motivation, will devote additional attention to
solving 1ts own pollution problems. ‘The solution to these prob-
lems in turn can be applied to other industries having similar
problems. Motivation by incentive is probably the key to more
rapid progressin this area. . : v 4
(5) Chemically oriented companies who are in the business of
~water and/or air treatment can engage in pollution abatement,

- effort for sale at a profit to-any industry. This is currently going

< on and will be amplified and speeded up as the demand for this,
service develops.. - ' o : e
* - (¢) Establishment of chemical technelogy information ex-.
change mechanisms via seminars and conferences along cross- .
industry lines. This involves the collection and dissemination of
data so that maximum utility can be made of present information
and new information as it is developed. The Manufacturing
Chemists’ Association, Inc., hag for some years been fostering such
information ‘exchange. Currently the association has a program
of 1-day workshops to assist in solving industrial pollution con-

- trol problems in localized areas, with regulatory oi%cials partici-

. ﬁting. ~In.addition, week-long seminars have been arranged by
“"MCA at five United States and one Canadian universities to pro--
-vide instruction-on the latest techniques. for treating and comn-

trolling chemical wastes. : ,
' (d) By drawing on the counsel of chemically oriented people-
in devising control plans, developing control criteria, specifyin,

" research programs, and other areas related to pollution control,
available chemical industry technology can be fully utilized.
Members of MCA’s Water Resources %yommittee ‘are consultin,

~ with State ‘agency officials with the objective of being hél:pﬁﬁ

- regarding the current development of water quality criteria under

.. the Federal statute, = ...~ ‘ : S :
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“The history of the chemical industry demonstrates that it is alert to
opportunities to engage in research along the lines of expanding tech-.
‘ nology, including that applicable to waste treatment and control.
©'Hence as new ideas emerge, we do not believe there will be any lack of
:‘appropriate development by the chemical industry.. L

o Question 8: What are your views on o policy that would conserve
 fossil fuels for chemical rawmatertals? - o e G0
“Answer: Much of the chemical industry.as we know it today, both
technically and economically, is based on ample supplies of fossil fuel
raw materials. : The very substantial known reserves of these materials,
_ however, coupled with the: adaptability of the chemical industry to.
* .. changing circumstances would seem to indicate that any program of
__intentional limitation is unwarranted, If such limitation were unduly:
yestrictive as to other fossit fuel uses, not only would this result in dis-
Tocation of other segments of the national economy, but it might re-
-act adversely on the economic base of the chemical industry as well.
Tt may also be observed that the now established trend to wider appli-

bk cation of nuclear fuels will of itself tend to’oonserve'fos:s‘il‘,‘ffuel’s;

~ Answers to Question by Representative Weston E. Vivian During the
‘ ; - Hearings (See p. 410, Vol.I) = p
" Question: Do you find. ony pZ@eé’iphem joint sponsorship is desirable
between the Federal Government and industry, such as pilot-plant.

" operations?

““Answer: In our prepared statement we mentioned a_ﬁpfdﬁngiy

+ “government-industry cooperative investigation,” and would construe

' of the research involved:

"this to embrace jointly supported projects, also, where there i mu-"
‘tuality of interest. In some instances this might ‘be brought to béar at
‘the pilot-]gl)llant stage; in others, either earlieror later stages of develop--
ment might be logical for such consideration, depending on the nature

the Hearings (Seé p. 411, Vol. I)-

- - It is regrettable that Congressman Fulton misunderstood the basic
premises of our statement at several points, and we welcome this op-
portunity. for ;appropriate,_clari‘ﬁcation' and. reemphasis, s
" . The chemical industry is committed to the desirability of presérving

‘natural resources that have not, been abused as well as restoring those

- which have been abused. It is incontrovertible, however, that many

processes essential to the sustenance of life produce waste products for

- which there.is 'no repository but the environment. " Nevertheless, if *
- esthetic values and beneficial uses of the environment are not impaired
incident to such disposaly-then there is neither measurable injury nor

* yecognizable pollution. =~ . . . oo 0 PN

..n recommending that interim objectives be set at;conservative lev-
els, we primarily had inmind the situation where existing ‘contamina-
tion is already in excess of anticipated quality standards. We would
not propose to intentionally set requirerments so. Igose, that injury to

~ Response to the Remarks of 'Répfesentative’ J a,r_»rfés‘ G. FulbonDurmg
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l»estheti_c values or beneficial uses would occur or be continued. Still, .
it must be recognized as current fact that a clear definition of accepta-
ble quality for various environmental uses is not now known. Ac-
cordingly, the derivation of quality objectives for any given situation
'must perforce rely to a considerable extent on expert opinion and
judgment, weighing the requirements of what may be competing bene-
ficial uses, If requirements go beyond those necessary to safeguard
esthetic values and beneficial uses, the cost of meeting them may be,
anid in many instances certainly would be, unnecessarily expensive
without compensating tangible benefits. Experiénce and changing'
circumstances may indicate the desirability of eitherstiffening orliber-
alizing controls, and the avenue to modification should remain open.

- ‘Untform regulation is an illusory concept. One has only to contrast
a large installation on a small stream to a small installation on & large
stream to illustrate the lack of logic in having the same waste contro.
«a{)ply to both. Further, no matter what is permitted (short of com-
plete prohibition), an unsatisfactory condition could result from too
_many separate installations located near one another. :: The notion is’

further confounded by wide differences in natural water quality and
in the rﬁlative priority of various beneficial water uses from one {o'cale

to another. ~ ‘ o : : o

68 - 240~=66-—vol, [T~15 "
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* . RespoNsns To QUESTIONS 0F THE SUBCOMMITTEE ON ScmexcE, RESRARCH
-.AND-DeveLopMeNT BY 7HE TENNEssEr Varrey AUTHORITY

. Question 1: What would de your views on a demonstration bringing:
ccertain TV A. electric generating plagits and the. chemioal plant to-an.
essentially wnonpolluting . status, - reqardless of . cost, with present
technology? .. :o v T I
i Answer: We would be glad to see certain TVA electric generating

" plants and our chemical plant used as demonstration facilities to de-:

-velop pollution control metheds-as fully as.possible... It is important

to recognize, however, that presenttechnology, even if costs should be. .
disregarded; will not produce what.the committee:has described as an -

- “essentially nonpolluting status’ for all elements of operationsof this

kind. For some of the pollutants, further technology must first be’

developed. R : ‘
In the case of coal-fired electric generating plants, the air pollutants

" involved are particulates and sulfur dioxide. ~The technological prob-

lem with respect to removal of particulates hasbeen solved. Thisisnot

true of sulfur dioxide, however, Several recovery processes which
would .remove 80 to 90 percent of the sulfur dioxide are presently :
" undeér consideration and development, but further pilot plant testing

. of these processes is necessary before a full-scale demonstration o
any of them could be usefully undertaken. . . ST B
gulfur dioxide recovery {w,s been subject to reviews by many dif- -
ferent groups in and outside the Unite(%”States within the past few -
years, and one or more of the processes so far studied may prove even:

tually ‘to be technically feasible.. The U.S. Public Health Service is

Jplanning to evaluate the processes which presently appear most prom-
sing by arranging for the construction of small-scale demonstration
or pilot plants at which they can be applied and tested. TVA has
agreed to cooperate by making one of our coal-fired electric generat-
ing plants available for the installation of some of these pilot plants.

.. “We have a meeting scheduled with the Public Health Service later. -

" this month with regard to selection of the processesto be used. Op- }

- erational experience with these plants would provide information."

which is essential to the design and construction of equipment for full-
scale application to large power units. As soon as a workable solution
" has been found, we would be-glad to proceed with a demonstration -
involving such full-scale application to a Jarge power unit. .
At TVA’s chemical plant, as pointed out by our witnesses in their
- testimony before the committee, we now have underway a multi-
- million-dollar program for improved pollution control.” This pro-
- gram, which is scheduled for completion by the end of fiscal year 1968,
will achieve very high standards.: These standards are regarded by
experts as more than adequate but they will not render the plant en- =
tirely pollution free. - - e G T
‘The TVA: chemical plant is basically a research facility. We are
.. continually dropping old processes and facilities and adding new ones,
S R : AR S
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* and we cannot now be certain what the pollution problems in connec-
| tion with future facilities and processes will be. In ‘the case of some
- existing operations, present tec mology leaves a number of problems
15 b solved to achieve “essentially nonpolluting status.” We believe
. these problems can be overcome, although to do so might require re-
 placement of some facilities. 'We cannot now estimate the costs which
would beinvolved, but they would undoubtedly be substantial.
We would be glad to undertake a demonstration along the lines en~
- visaged by the committee, but could do so only if we were provided
- with the necessary funds. L B
" Question 2: How much of a “pollution abatement credit” would the -
- best 8O, removal process require today in order to sell the byproduct
sulfur or other chemicals competitively? - - = A
“Answer: As indicated in the answer to question 1, present tech-
nology leaves many questions unanswered, and we believe that the test-
“ing of small scale plants is necessary before answers can be provided.
- Tt s not possible, for example, to identify at the present time the “best”
_ process for recovering SO, from power plant gases or to predict costs
. with aceuracy. Subject to these reservations, we have averaged some -
- very rough estimates made for what are generally regarded as the three
" leading processes for the recovery of sulfur dioxide from coal-fired -
' generating plants, based on the present state of technology with respect
‘o these processes. . On this basis, we estimate that at a-1,000 megawatt
" coal-fired steam-electric generating plant, about 80 percent of the sul-
- fur dioxide could be ca,¥tured to produce about 700 tons per day of
" sulfuric acid, assuming full round-the-clock operation of the generat-
~ing plant for that day. We further estimate, also on a very rough
basis, that the cost of producing the sulfuric acid would be in the neigh-
borhood of $25 per ton, and that it might be sold under contracts cover- -
ing the large quantities Inv slved for perhaps $16 per ton under present
conditions. Obviously, there are many uncertainties surrounding these
estimates. For example, if sulfuric acid were to be produced at a large
number of coal-fired generating plants and offered for sale, the market

for it would be glutted and the price would decline.
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STATEMENT SUBMITTED T0 THE SUBCOMMITTEE ON SCIENCE, RESEARCH, .

. AND Deveropment By Ray K. Linstey, Exnourive Heap, Dzrrarr-
MENT oF C1viL ENGINEERING, STANFORD UNIVERSITY, AUGUST S, 1966,
A X?RIGINALLT: Scuepurep To Testrry; Unaste To Do So Dur 1o

~AIRLINE STRIEE) , AT R S

+.. I am pleased that I have been invited to come here and discuss
vith. you the question of. the. adequacy. of technology for pollution
abatement. It is such an all-encompassing subject that it is hard to:
know where to begin and what to say in a limited time. - My problem is
made no easier by the very excellent report of your researc manage-
‘ment advisory planel which has discussed the subject wisely and well.
A few weeks ago, in testimony before the Senate Committee-on In-
terior and Insular Affairs, I suggested that one of our problems in
looking at water today-is that we are‘in‘a period of rapid transition. =
After centuries of slow change, we now ﬁng it difficult to realize that -
‘very major shifts in thinking 416 necéssiry. . Unlike many other scien- -
- tific and technological de‘ve% ‘ h : :
very short time, pollution problems have been developing. very slowly

for a long time, "Our fundI;mental approach to the pollution problem

is as ancient as man himself. “Man started to pollute the atmosphere

opments which have ¢ome upon us in a -

- when he first learned to make fire. He piled his solid waste in great
heaps which today, all over the world, merk the location of his ancient :

. cities. He found that water was a very convenient medium for carry- =

“ing away his:wastes; and he lshirhed t6 wash all manner’ of'thingsina ..
- stream, - Ancient man could successfully employ these rather crude .
- ~means of waste disposal because of his own very limited numbers,
The quantity of waste produced was relatively small compared to the
assimilative capacity of the environment. Today, when the annual. -

population increase of the world exceeds the total population at the

ime of a man, the situation is quite different. Not only are thére
more g"edple producing waste, but the per capita production is greater.
In addition, our technology is producing substances which, when they

become waste, are more durable than much of the organic waste.of .

- ancient man, - c Lo
Sewers to transport storm. water from cities. date back into antiq-

. uity. * Because of the. prevailing practice of throwing refuse into 1:';

- the streets these sewers carried at least some of the waste washed into:

_them by rain. Tt is only a little more than 100 years ago that direct
- sanitary connections to sewers were begunin major cities. - These con-

 nections together with a system of refuse collection removed the waste -

from its highly visible location in the streets and considerably aug-
mented stream pollution. As stream pollution got worse, plants for
artially treating the sewage were designed to reduce the pollution *

oad on the streams. Today we find that in areas of high population = ‘
density the partial treatment of waste is not always adequate.” We'

- are also: beginning to realize that we can ill ‘afford to use so much . -
. water to dispose of this waste. B X0
80
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“What T have just said can be restated to say that we are beginning
to realize that we have a complicated system on our hands. Burning
“golid waste adds to air pollution as do the gases emitted in sewage.
treatment. - Sewage may destroy the usefulness of -a water su}f)ply.'
The automobile, a transportation device, is-a major source of air
_pollution. Irrigated agriculture ‘adds salts to the rivers. - Pollu-
‘tion management clearly requires more than the concept of “put. it
| where it won’t be seen”.” We must study all our activities in the light -
of their total impact on the environment. - : :
 Science has a principle called conservation of matter. In essence,
" this states that matter cannot be destroyed. It may be converted into
“other forms, but its essential elements remain.  We-would not: be
~far wrong if we drew-from thisa principle of conservation of pollu-
tion ‘which said that waste materials, onee produced, are with us
_always. - 'With the exception of that relatively small fraction of waste -
materials which man reelaims for his own use and the portion of the
waste materials which are converted by nmatural processes into useful
" material, the principle of conservation of pollution is essentially valid.
When man burns solid waste, he does not eliminate it, he merely con-
verts it to gases and particulate matter which may pollute the at-
" ‘mosphere. - If we dump pollutants in the ocean; we are not eliminating
" them, we are simply putting them where we ‘cannot see them. - Con-
yentional sewage treatment removes a Fovtionr of the pollutants from
the water being treated, but these pollutants are not destroyed. In

. part, they are converted to less obnoxious gaseous of liquid forms™

' whick are-discharged through the atmosphere .or to a water body.
~In part, they Temain as solids which must be “disposed of”’ in some
way: ‘When we bury solid waste.in a sanitary land fill, it disfaﬁ)pears '
from, view, but it is still there. " Water moving through the fill may
“leach material from the waste and carry it to the ground water or
toanother stream for years after the original disposal. =~
+ A few cities  are now requiring every home to have a - garbage
- grinder. ! This greatly eases their problem of garbage collection, but -
oot the expense of increasing the m sriitude of their sewage treatment -
 problem. - Solid waste is beingichanged to' stream :pollution. - This
“~1ay indeed be the most economic solution for the individual eity, but
" whit of the cities downiiver whose water-is more polluted?  Apply-:
ing salt is'an effective means of snow removal from roads and streets,
but melting snow and rain must eventually carry this salt to a stream
or the ground water. . .- B ' :

Tt is probably true that ‘conventional means of dealing with pollu-
tion could, if pursued with vigor and sufficient funds, provide a short
term solution to our problem. That'is tosay, a substantial investment
in present technology might alleviate our problems for a few years.
Not ‘only would théexpenditure be very large, p’erh‘a%s, more than' we -
can really afford to pay, but such an approach might have another
most undesirable effect. - It could lull us into believing that we have
the situation in hand, as we-have been lulled in the immediate past.. -

- If this led to a failure to prosecute an effective research program on -
new technology, we would eventually find ourselves in a position which
js'even worse than our present one;, but with nothing better by way of
a solution. It is interesting to speculate where we might be today if .
we had recognized the environmental pollution problem in 1946 and
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‘had started:to-work ‘en-it at a rate of 10;percent, of our expenditures
‘on spack research, . .. e o L T
- T have described our problem as a systeims problem. Let me hasten
to say that I do not suggest that, this is the sort of systems problem
‘that can be written down in'mathematical expressions and answers
-derived in a few minutes or even a few hours time on a computer. I
‘“say this for two reasons. " First, and foremost, we simply do not know.
enough about our problem to write the nécessary -expressions. :Sec-
ondly, if we could write the necessary equations, there ig every reason
~to believe that we do not have today a computer big enough'to solve .
“them. .- But a systems problem does not have to be solved by a mathe-+
matical équation and a computer. - Basically 2 systems- analysis re-":
“quires that we know something about. thie g‘oafs« which we are striving
- fory and the capahilities and costs of solutions which would contribute
. 'to these goals. "~ With systems analysis techniques, we would then
- seek to find the optimum combination of solutions for the attainment
of our stated goals. "Systems analysis ryequires:an orderly, but not
- necessarily mathematical approach; to a problem. ..~ =~ . = L
- If we wish to approach the pollution system realistically; we:must
do several things. - These apre;i- - : Cei , B
“o (1) Define with reasonable accuracy the sources and quantities .
- of pollutants now. and estimate these data for future years, . - -
~2) Identify the effects of these pollutants on man. Ry
~(8) Define with considerable clarity our goals for pollution
abatement. . . .. . Lo G e e
: (4) Describe the technically feasible.methods of dealing with
i each major pollution source with reéasonable cost estimates.
(5) On' the basis of the foregoing information, determine the.
- most efficient combination of methods to deal with the problem.
- There is little hope that we ean or will deal with the total environ- -
mental pollution problem as a single systems analysis problem. . Tt.is
~ %00 big and would take toolong. Indeed, it may never be fully solved. .
New sources of pollution will- develop. = New abatement techniques’

~ - will be found.  The details of the problem will shift continuously. -

However, if we approach the problem systématically, we can hope that -
cour efforts will yield the maximum possible achievement. - f
-~ ‘Pollution is the sum total of many different substances from many
sources. The need for an inventory of these substances seems obvious,
~ yet.I know of no such inventory. ‘Some pollutants are more harmful
- than others; some are easier to deal with.  With a reasonably.aceiirate
inventory as a_start we: can begin ‘to identify those substances and -
sources for which abatement offers the most immediate payoff. Be-
- cause we are planning for the future we need estimates of future pol-.
Jution sources and substances. Most important are .some educated
-guesses at which substances, now nonexistent or uhimportant, might be
problems in the future. - The problems which can be recognized in
- advance may never become problems. The inventory would seem to be
a responsibility of the Federal Government and one which should pro-
eeed as rapidly as possible. In a sense it parallels the inventory re- -
sponsibility of the Federal Water Resources Council, but the pollution
-~ inventory 1s a much more complex job than a water supply and demand
dmventory. T T R T S
+--Ttem 2 of my list requires definition: of the effects of various polu-
tants on man.  This includes direct physical effects on health, eco-
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nomic, and social impacts, and indirect effects through damage to
various ecologic communities. R '
"Merely to secure this kind of information involves a‘major research
effort. %easonably precise determination of the public health impact
of pollution is a major Froject because of the very large number of
" pollutants, the differing forms of pollution—air, water, and land—and
the differing exposures to pollution. Clearly, however, if there 1y any

. element of pollution which is a health hazard, it must be eliminated. -
‘positive goal with respect to certain pollutants.’ The ecologic impact
of pollution is an even larger and more complicated research topic.
The number of pollutants, the differing forms of pollution, and the
differing exposures all remain and. are compounded by the very large
number of ecologic communities which need to be considered. ~ The-
effects of pollution on fish involve considerably more than the mere
poisoning ‘of the fish ithemselves by ‘direct contact with pollutants.
* Pollutants which in 'thgmselVesw’oqu ‘do no harm to fish may in-some
“way break the food chainand seriously interfere with fish production:
Even in evaluating the effect of a specific pollutant on fish, there are
. problems with respect to 'the young fingerling, the adult fish, the.

spawning fish, and fish egg; and so forth. ~ A test made on a group: of
fingerling in a tank may not at all diselosé the true impact of a-pollu- -
tant which may not be sufficient to kill the fingerling fish, but. which "
might in some way prevent the hatching of fish from their spawn.’ '
‘ ,g éonsiderable body of information on the 1ph sical effects of pollu-
- tion on man and his environment is available.  One suspects that it
" needs to be organized and that this process would disclose gaps which
“qieed to be filled by systematic investigation. - The economic impact of ...
‘pollution is a relatively untouched problem ares. Air pollution is

An understanding of the actual health hazards would:provide a very"

" Jmown'to damage certain crops. Is'the crop loss suffered as a result

of air pollution”a significant cost to the ‘Nation? Does it in-itself -
. justify the cost of air pollution control ? "Does it in combination with
other losses justify the cost of air pollution control? - In¢reased salinity
*of water imposes an additional cost on downstream users, both agri-
cultural and industrial. - How big are these costs? ‘We have only yet
begun to assess such factors. Economic factors may hot be ‘decisive
in decisions on pollution abatement but they should certainly play an
important role. The task of assembling this information “should be -
‘relatively small as compared to other tasks in. pollution dbatement -

planning. ; i R o
_ The debate on poltition control has strong esthistic overtones.: Peo-
~ ple are offended by the. appearance of a polluted stream or ‘in"some
“cases by the mere knowledge that it is p‘oﬁute&., To the extent these
intangible factors enter our decisions, we need to. know more ac
curately than we do how the public perceives pollution problems.
‘Basically, we are all against pollution, just as weare against sin. But
being against pollution and being willing to spend perhaps, a hundred
billion. dollars to effect a fairly slight visnal change which would: go
_ unnéticed by most of the population may not be justified. 'We have
many other uses to which $100 billion may well be spent. -Quantitative
procedures in the social sciences are less well dev‘e]pm[1 n'i :
‘wreas but the importance.of this problem should make it an intriguing -
research area for the social scientist. In 'fact, I have an engineering

loped than in other -
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student at -Stanford who intends to do his doctoral dissertation on
'this very subject. T L
~ 'Once the inventory of pollution sources nd evaluation of effects of
< pollution are complete it is necessary to move to step No. 3, definition
of goals. It is easy to say that we wish to abate, mitigate, control, or-
~-eliminate pollution. ‘What do these words really mean? "We cannot .
“return. our air and our streams to a pristine purity which might have"
- existed before'man came to this world. Man is here to stay. He creatés
-waste. Pollution is inevitable. 'We need. realistic._goals in terms of
types and leveéls of pollution we will tolerate.. These may be regiohal
rather than national goals because of régional differences in environ-
ment. Whatever their form, a systematic approach to pollution abate-

.. Haying defined the problem and the goals, we need to know what
‘techniques of abatement are available to.us. -It is here that we urgently
need imagination and innovation. We already pretty well know what -
to expect of conventional techniques but what possibilities lie ahead in .
_new methods of waste treatment? - For: example, toilet wastes and
- garbage which is passed through garbage grinders constitite a very
large fraction of the organic pollution from the ordinary home (and
'~ require a substantial part of the water used in that home). Suppose
- these materials could be put into a sealed.storage tank where they
“ would not be obnoxious and from which they could be removed by a« °

- specially equipped truck and taken for composting. . Such a system

" the other.forms simpler. Such a system may-

would have all the convenience of. the present system to the house-

holder, it might be simpler from the viewpoint of municipal garbage 'ff';
collection, it would minimize water-consumption, and would achieve a.

.. separation from other forms of trash which -mi%)ht make processing o
be-completely unsatis--
- factory, but we have never explored it and we do not know what it :
- would cost. The substitution of electric motors for internal con-
bustion engines could materially alleviate air pollution in urban cen-
ters. - This is not a simple substitution. An entirely new system of
transportation is involved. It does not appear tobe beyond the realm
of possibility, and in addition to alleviating air pollution, might also. '
materially help in solving.the traffic problem.of urban areas and pos-

~ “ sibly make major contributions to highway safety.” New technologies.

for more efficient removal of pollutants from water, formore efficient .
removal of pollutants from emissions of industrial gases,and so forth,. o

*-are also clearly needed. HET . , ETREARE
~ Perhaps more important than research and development to ‘produce
better means to treat wastes is a program to devise means to reduce
the amount.of waste which must be treated. - New industrial processes
which produce less wastes. Longer lives for everything from,lamp-

- bulbs to automobiles. Containers and wrappers with minimum resi-
~dual bulk when empty or which. decompose more rapidly after use.
A method of dealing with snow on roads that does not involve spread-
ing tons of pollutant. Better use of fertilizers and pesticides so.that
- none reaches the stream. An entirely, new system for commuting in
urban centers which does away with:the internal combustion powered

- ~car.. These are but a small sample of coneepts which might be help-

- ful in dealing with pollution,.-In most. cases such solutions would -
‘help to solve problems beyond those of pollution. ... =~ ... -
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[ The technological solutions I have suggested represent an area which

| industry might well press. The market is large and the returns.could

. be-quite attractive. ~In another area the Government may play an
important Ii)art.‘ The possibility of economic measures to stimulate

‘pollution abatement has been pointed out by Kneese and others.

‘Goyernment incentives may also discourage a serious effort to seek .

- new. methods.of meeting the pollution menace. Water from Federal

peservoirs for dilution of wastes at no cost to bereficiaries, subsidies

" to. water users which encourage water waste, subsidies to irrigation

ithout recognition of the resulting saline pollution, and subsidies for

L enstruction of conventional waste treatment facilities all tend to

~ encourage the status quo and discourage a new look. Lee g

~* Definition of problems and goals and discovery of gos"sible abate- -
ment ‘techniques would place us-in-a position to decide on-the best

approach: to solve our problems.: Here is the place for systems analy-

sis, be it mathematical or skilled judgment. The techniques:are less
important than the facts. . - , R P I B ET

T am’not so naive as:to believe that we will proceed step by step

as I have outlined. Some.of our problems are too urgent to brook

- delay. ‘We cannot afford to stand still until new ideas are developed

. ‘and checked out. 1 am also aware that it is fashionable to endorse . -

research whenever a problem is faced.” What I am really suggesting .«
i planned research. Without ‘research ©we ~cannot -advance. : Our .
research facilities and manpower are too limited to permit it reckless
dissipation on random problems. “We need to stugy ‘the system wé -

are-coping with, to assess the most roductive approaches and. con-

- centrate research and development effort where it can be expected to

* “pay off” most handsomely. : ER T




' SratEMENT SUBMTTTED 70 THE SUBCOMMITTEE ON ScIENCE, Rusuas¢
- ‘AND DuverormeNT BY THR My Crexk Researce CouNoim
. Avausr5, 1966 e o
'DEFICIBNGIES TN RESEARCH CONCERNTNG THE MILL CREER TMPOUNDMENT
- The Mill Creek Basin, a portion of Huron River watershed in
Southeastern lower Michigan, is under consideration by the Corps of
Engineers: as the site for-a multipurpose impoundment projeet. . If
“constructed this project would: cost between, $20 and $30 million.” Tts

primary purpose would be low-flow augmentation, with:other uses-of = -

water supply, flood control, fish-and wildlife development, and recrea-
.- 'The site selected is in slightly rolling country and is a‘%ortlo. '
-a_highly productive agricultural region. The topography would

2 allow for a-reservoir which' would Have ani-average depth of about 9

. feet and when drawn down for flow-augmentation there could be as
much as 6,000 acres 6f exposed earth. - The storage: capacity would

be approximately -80,000 -acre-feet, with' 8,900 surface:acres. . The
land acquisition would be nearly 16,000 acres. L o
/The storage allowance for-annual evaporation is 14,000 a

which is 2,000" acre-feet more than the storage capacity plan

ed for ¢

-supplementary water supply needs in the year 2600 ~This evapora-- .

-tion is equivalent of 4,591,600,000 gallons per year. -~ . -
- THere are several smaller and n’
River watershed which are in less productive land. These might be -
used singly or-in combination to serve the needs of the community.
 However, under present laws which restrict the Corps of Engineers to -
~multipurpose projects with “flood control benefits” these cannot even
be evaluated by the corps. - . ‘ R :
The orig'ina{pla'n‘s for the reservoir are based on erroneous flow-rate .

eeper reservoir sites in the Huron =

statistics of the Huron River which established minimum flow at 21
. cubic feet persecond.. Modern data, corrected to allow forleakage at -

~dams and water pumped froni the river for water supply, shows the " :
- minimum flow at more than 75 cubic feet per seconrd, i iy
The Michigan State Health Department required that a minimuim
_flow of 50 cubic feet per second be guaranteed for the protection of the
“downriver communities if Ann Arbor and Ypsilanti were to expand
their sewage treatment plants. It was indicated that this amount
- would provide a margin of safety for at least 20 years. At this time
it is expected that water supply and sewage disposal services will be.
 furnished from outside the basin. Yet the Corps of Engineers has

‘made no attempt to reflect the errors by revising the storage require-

~ments and is proceeding with the original conce t. which even before
_corrected data became available was a very muc larger project than
‘had been recommended as desirable or necessa by the Michigan
Water Resources Commission and by Black & eatch, engineering: -
consultants. = - T : - IR
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" The reservoir would impound runoff waters from a catchment area -
. ‘which is totally agricultural. Small ponds in the area are weed
~ choked and produce quantitiés of algal growth. The water quality
in. this reservoir would certainly be affected by herbicides, pesticides,
insecticides, and fertilizers, as well as animal wastes. Can these sub-
- stances be defined asgollutants or is this term reserved for municipal
and industrial wastes? Co L A
“Will your committee attempt to establish® such definitions and
will it be concerned with the means of evaluating the effects of

stich materials in reservoirs prior to the. conistruction of this type of
impoundment,? R ST B ST

. What “are the taste and odor problems that might be expected in
water drawn from such an impoundment? - L
‘Do today’s water treatment facilities have the means for coping
with the chemicals used in modern agriculture? B oo
“ What effect will agricultural nutrients have on the water quality in
the Huron River itself as the waters are drawn. from the reservoir?
~"And why does the Corps of Engineers gloss over this potential
threat to water quality ¢ LT , ;
" Will your studies also attenipt to establish criteria for total land
use? Or will water resources take precedence over all the others.such
as future food needs, green and open space requirements and alti-

‘mately even the space needs of the predicted megalopolis?

““ When the latter-becomes reality the water resources of the Huron
River Basin will be inadequate to serve the population regardless:
of a Mill Creck impoundment. Tn the fiiture this area will par-
ticipats in a metropolitan system of water supply and sewage inter-
ceptors because it is becoming impossible to confine ultilities and
services within political boundaries. What assistance and_ guide-

" lines can be drawn up to assist. communities over the political hurdles

~ when local sovereignty must be sacrificed for the well-being of resi-
dents of many communities? - . - T ,
" The Bureau of Outdoor Rectreation has been asked to add its plans

' for the reservoir to those of the Corps of Engineers. The cost-bene-

fit figures are based on absolute maximum potential use of the recrea-
tional facilities which would be built into the area. Anyone who
has ever lived in this portion of lower Michigan knows that there
are numerous snowless days in winter and equally numerous cold and
gloomy days in sumimer when recreational activities are nearly non-
existent; therefore, the use of the maximum is inaccurate and un-
realistic. ' ' T

. For example, this is a low-snow-fall belt but Jertsalem Hill in the -
~ Teservoir area, section 33, Lima Township, is predicted to draw 20,000
uisers per season for sledding, and tobogganing. Oldtime residents
'of the area can count on their fingers the number of times when this
windswept hill has had snow on it and no snowmaking equipment is
planned. - . T S C
 Bureau of Outdoor Recreation’s drawdown plan calls for major
‘drawdowns after Labor Day and into Qctober.” But are not the low
flows most troublesome in the summer months when combined with hot

. aveather? The Huron Clinton Metropolitan Park Authority states .
that drawdown at Kent Lake “is incompatible with park usage.”
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How can we determine prior to construction of this reservoir whether

“or'not these conflicts can actually be resolved ¢ I L
At least two candidates for graduate degrees in geography have
" resigned positions with Bureau of Outdoor Recreation in this gistrict‘ ,
*because they believed that proper research procedures are nonéxistent,

- Yet. the Corps of Engineers must accept the statistics as factual.”

Why. don’t social scientists devise more realistic formulss and guide- - -
lines for establishing accurate cost-benefit ratios? . .
©_The Bureau of .Outdoor Recreation recommendations -add 2,300

- acres and $7 million to the initial cost of the project and the annual

benefit they assign to the project is $1,626,000. However the annual
-agricultural loss of foodstuffs from this highly productive area has
. table value of $15 million. How can anyone justify the accrual-of
recreational and other “benefits” year after year without balanc-
ing them against the annual loss in food production? Is it accurate:
- for the Corps of Engineers to ignore these economic factors?

.- There are at least six alternate sites in the Huron River water-

" shed for impoundments.. If impounding water for low-flow augmen- .

tation is necessary for pollution control will your studies provide
formulas by which these sites could be studied? . T
The Corps of Engineers is limited by antiquated. law ‘to multi-

purpose projects which must include flood control. - Therefore, it .

cannot furnish information relative to the possibilities inherent in
-one or more smaller single-purpose reservoirs, with or without im-
portation of supplemental water, and/or interception of sewage ef-

- fluents. . If your committee can provide a guide for obtaining the

fr which should be included are—

~ necessary information to study these alternate sites some of the items
. Volume of storage. - -
Surface acres of seasonal pool.
Land aequisition requirements.
.“Present land usage. '
.-Character of catchment area.
; Soil classification. , v .
Present land ownership; that is, private or public.
_-H.: Present land production and benefits. ' N
I. Residual effects of present land usage on water quality.
-« J. Appraisal of the natural physical characteristics of a stream .
- which could contribute to, or limit its usability for, varioas needs.
TIn - addition, further 'and dccurate information is needed to.deter-
mine the following: =~ .~ ' NN
A, Amount of storage required with and without importa-
" tion of water. SRR : o
B. Amount of storage required with and without interception
. of sewage effluents. ‘ :
C. Amount of storage requiréd with both of the above, low-

HoREUawE

flow augmentation to improve the quality of lower Huron River - -

- for recreation and esthetic enjoyment. - . g
- Since it is predicted by responsible engineers that water importa-

- tion and sewage interception is indicated probably by 1990, item C; e
- .above, becomes the most important and storage requirements should” *

be calculated accordingly.
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. The lower Huron River because of its proximity to the Detroit -
“ metropolitan area can best serve as a source of pleasure and recrea- .
- tion for the people of the re ion if it-is in an unpolluted condition.
Water quality criteria should be established relative tothe desired uses
and effort must be made to achieve the chosen standards. Poss1b1y'the
_river could be safely used for swimming, boating, and water skiing,
. which uses are now prevented by Huron River Watershed Inter--
~governmental Committee’s policy of 1960 enabling Ann -Arbor and
- Ypsilanti to expand sewage treatment plants.
% 'To illustrate this we quote the following: » )
5 Mr, Rehard, who is chairman- of the Supervisor's- Inter-County Committee
Y pointed ocut that the National Sanitation Foundation study presénts some long.

“term alternatives for both water supply and waste water disposal. ‘It may be
that the lower Huron River is more valuable to the ‘bulk ‘of the population in

the Detroit Metropolitan. Area for the matter of recteation than for waste’. - ‘

disposal s ;
The March 1966 report from the Fish and W ildlife Service con-
cludes: , ’
‘The high fish and wildlife values -attributed to this project (The Mill Creek
“Reservoir) should not serve to.minimize the importance-of existing high values
. of fish and wildlife of thelower ‘Huron: River-and western: Lake Erie. Thelow- .
flow augmentation made. possible with this project, unless combined with the. -
" abatement of pollution at its source (Ann Arbor) could very easily. result'in-a

large increase of ineffectively treated wastes being dumped into the Hiron River;

Should this occur the Mill Creek Reservoir project cotld result in:a net loss:to
fish and wildlife downstream from the reservoir. : Tl

The Huron Clinton Metropolitan Authority has obtained park sites
on the banks of the Huron River between Ann Arbor and the river’s
mouth at Lake Erie. Obviously these sites would increase in value if
the riger could be used more intensively and the water quality im-

roved. ‘ . S S -
P The Metropolitan Regional Planning Commission complains in its
recreation study, 1966, that the “disadvantage of the Mill Creek im-
poundment is its distance from the ‘major center of population.”
Huron Clinton Metropolitan Authority’s lower Huron River prop-
erties are much nearer and surely would be more frequently used.

In view of the foregoing it’s difficult to justify the Bureau of Out-,
door Recreation figures. ‘ o ’
- Is it possible that your committee can devise more realistic methods
of establishing values? - : \

‘Would stricter ¥ollution,l.contro;ls at the sources, tertiary treatment,
or interception of effluents furnish greater total benefits than flow
“augmentation to dilute the wastes in theriver? - 7 v .

. Before the construction, of this reservoir is approved a number of
alternative solutions should be considered. How can local. govern-
ments and citizens obtain sufficient aceurate information to present the
community with choices? Forexample: . = ‘ ‘ :

-~"1. Recommendation of the National Sanitation Foundation for long

- range greater metropolitan area water supply and sewage interceptor
system utider the management of the Detroit Water Board. These

_ studies were directed by Abel Wolman, Lewis Ayres, Richard Hazen,
" George Hubbell, and Louis Howson and give the most completely
.- documented and thorough analysis of the problems of the area, indi-

"4 Huron River Watershed Council, executive com@ittee minutes; May 5, 1966."
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cating that after 20 years or so Ann Arbor and Ypsilanti will outgrow
the capacity of ‘the Huron River for either water supply or waste
water disposal. .. : ‘ : L
- 2, Consideration of whether smaller reservoirs used singly or in
combination for flow augmentation and recreation. The reasons for .
rejecting the Seneca Dam on the Potomac in favor of several small
~ - reseryoirs as presented in the Department of the Interior report to.the”.
- President, January:1966, may be, relevant here, and the “pretty little -

- lakes” might be much more valuable.” = R

" 3. Exploration of ground water resources. . _ ]
. 4 Examination of various methods of tertiary treatment and the”
-possible applications in this situation. | Technology is: growing so rap-,
1dly that with new methods of treatment, low-flow augmentation for
“dilution of wastes may be unnecessary in the not too distant future.
5. Analysis and elimination of pollutants at their sources. - :

6. Evalnation of pumped storage reservoirs as conceived by Clar-
ence Velz for other midwestern regions where good reservoir sites are
- unobtainable. : B : T

How: can the public.attack: the preblem of determining. which of -

- these methods will benefit the greatest numberof.people? S
" Would the National Sanitation Foundation recommendation if de-

- veloped with tertiary treatment provide a greater control over-efflu-
-ents flowing into Lake El(fie? At.what point will the Huron River
«cease to:be-able to assimilate the wastes from the treatment plants?

Have scientists found specific’gages for estimating when these
critical points will oceir? =~ D . ' ,

The flood control, which is the means of entry for the Corps of Engi-
‘neers-into the Mill Creek project is now acknowledged to be Jess than
5 percent of the project’s “benefits.” Tt is also apparent that flood -

- control devices (channel straightening, widening, and dikes) can be
-constructed in and around Flat Rock where the floods occurred 25
-years ago. Lo R ST .

" We anticipate that the corps will conclude their study in the spring
-of 1967, and we have been chided for not awaiting that report before
. raising the questions and issues which concern us.  However, we be-

~lieve that if the corps requires several years and many dollars to make
its study, those who have to evaluate it certainly need a few menths
to gain: at least some of the basic information. ~Without such infor-
mation intelligent decisions will be inconceivable.. . It is becoming evi-
dent-that in spite of the money that has been spent, obvious deficiencies
arid ‘Inaccuracies remain’which indicate that the :conclusions: to be

. reached may be worth very little. S P ‘

- Is it possible for local governments and the citizens they represent -
to end a project begun by the Corps of Engineers if they believe it
is not, in the best interests of the community as'a whole? - L

Or is it a fact that once the Corps of Engineers is involved in a
project, the decisionmaking stage is complete ? v :

.- Since the decision to build the dam is irreversible it is vital that .
‘every care be taken to-insure that:-the decision iga correct one. '
.- To summarize we review the following: - o o
' - (1) Flow-rate statistics used-by corps were in error, . '

- (2) Disposal of waste water in‘the Huron River works a hard-

ship on the downriver population. = - : R
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(8) The character of the runoff to be impounded would be
detrimental to water quality. L e
(4) Alternatives as recommended by the National Sanitation
Foundation are available. =~ S Cre
(5) Bureau of Outdoor Recreation report is inaccurate and
misleading. . L LA
(6) The Fish and Wildlife. Service rtegqgtl is' unenthusiastic. -
(7) Alternate reservoir sites are available and have not been
studied. : S L
(8) Future land use requirements of a_growing metropolitan
region have not been considered, o R
e .d(Q)aFuturé food needs of this population have not been con-
;. slaered. : G IR TR
-~ (10) Thirty million dollars, spent for the Mill Creek Reservoir
would provide only a stopgap ‘solution, because by 1990 ‘Wash-
tenaw County will need supplemental or alternate primary water
‘supply and waste disposal facilities, . . PR A
We have submitted questions relative to a specific situdtion in hopes
that scientific procedures can be directed toward ‘specific ‘solutions.
 We are sure that similar problems exist across the country and we
hope your work will begin to resolve them. : ‘
Therefore in view o% the foregoing we hope your committee will

attack the problem of furnishing adequate scientific: information and
proper scientific procedures for evalution of such projects before they
are built. - Only in this way-can the public be protected. from tragic
and very expensive mistakes. e e S T

"
i

68_240—66—vol, [I—16




. STATEMENT SUBMITTED TO THE SUBCOMMITTEE ON SCIENCE, ResearcH, -
- AND ‘DEVELOPMENT BY BURR. ArimcaErT, INTERNATIONAL PIPE &

Crramics Core., Avausr 8, 1966

Knowing of the current hearings being conducted by the Subcommit-
tee on Science, Research, and Development into the adequacy of tech~
nology for pollution abatement, we should like to bring to the com- -
mittee’s attention: for inclusion in'the record certain brief excerﬁfls on
this subject from a recent special issue of the Interpace Technical

Journal.. - v e ‘

International Pipe & Ceramics Corp., of Parsippany, N.J., pub-

- lisher of this periodical, invited leading authorities to write on sev-
eral aspects of the overall water resources development and pollution
abatement problems. - . - R S

We feel that the following passages are especially pertinent:

John E. Kinney, sanitary engineering consultant, Ann Arbor, Mich.:

Questions such as “What is the best way. of augmenting our:present municipal
water: source ¥, “How must we organize our pollution control administration?”

“*What is pollution?”’ demand'-ngciﬁc and-:detailed answers for ‘each ‘individual
situation: Slogans will not substitute for sound judgment, nor will mass mis-
-understanding bring about rational restilts: . : L '

" But research for adequate and valid data is forgotten when a proposal'is being
argued in the public forum. - Details become unimportant because of the grave-
ness of the issue. Even basic circumstances-are lost sight of, such as the princi-
pal fact that we are not running-out of water.” We have, at:best estimates,
underground water at shallow depth equivalent. to 34 times the annual runoff
from all our rivers, ~ There is probably an equal volume in deep storage.

The “running out of water” hysteria is nurtured by the assertions that while
our present water consumption is 800 billion gallons per day, it will rise by 1980
0 600 billion gallons per day; and that our potential-total supply is:only 515
billion gallons per day. -Doubling our usage in 15 years ig'an optimistic forecast
of growth, to say the:léast, but it permits. the forecast of a national shortage.
Thig deficit prompts the gloomy prophecy that we must resign ourselves to a fu-
ture of existing on “used” water. ‘ )

The fallacy is twofold:. - . ) .

. Water used is not water consumed. Of the 300 billion gallons per day

now used, only about-60 is consunied [not available for reuse],  Most of this

. loss is via agriculture. o ‘ R .

‘We are now reusing water. In fact, we are now:using the same water ..
as was used in Biblical times. .And in areas:such as‘the Cuyahoga, the -
Mahoning, and the, Monongahela Rivers, we are ‘pumping several times as
much water as is carried by the river during dry weather, If that is not
-enough to destroy the myth, we now use 2,000 billion gallons per day for-
hydroelectric generation—four times our estimated future petential supply.

James F. Wright, executive director, Delaware River Basin Com-
mission, Trenton, N.J.: o

Let us now consider some similarities and. differences between industrial and
municipal wastes, ‘which-together comprise our water quality managément prob-
'cllem'd From this we may be able to guess where ‘we will be going in the next

ecade. ' .
~In terms of volume, the industrial waste input in the Delaware estuary—from
Trenton to the sea—is roughly equal to the load imposed by municipalities.  This.
means that probably for the foreseeable future reductions of the industrial waste

load will take at least asmuch effort as municipal control,
842 S
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Trends in the quantity of process water used per ton of produet indicate &
veduced ratio, which is to say that industry in general is working hard toward
.cutting -water  demand and waste output, Per capita use of municipal - water
supplies,. conversely, is still ‘on the increase. However, ag our society grows,
| not ohly in numbers but in complexity, our industrial effort -moves -at-a
faster rate than our population. Thus it seems reasonable to assume that the
,problem of the future will dontinue- to reflect a rough equivalency of industrial
| “and’ municipal waste loads. - A radical change’ in puoportion does not appear
-likely. : . : . .

~ H. Dewayne Kreager,‘qonsultant’ to industry, Seattle, Wash.:

©. Water management starts with gound standards of pollution control. ~ Only
.- relatively -pure water can be used again and’ again.: And our. water shortage
. problems can never b solved unless we can use present supplies many times
over. This multiple reuse requires water quality standards that are compatible
- with the greatest number of reasonable water uses in an area and commensurate
- with: publie health, but not necessarily permissive of all water uses possible - in’
an-area. : ; y : ' e i :

. Industry needs standards that can bevavdl‘ninistered,‘fhat are administered, and .0

against which industry can measure its own performance or judge-its riskin -
_further capital investment. - o ‘ N ‘
There remains the problem:of paying for these water management programs.

_ These national public interest aspects of water management suggest that an-
other requirement for solving the Nation’s waterproblems at a reasonable cost is
an incentive for water, purification by private industry as well as government.
The -conclusion seems logical that to supplement public expenditures for water
purification, water movement, and -water management; the principles of rapid tax
“arortization or the investment tax:credit mnay well be used to gtimulate privat

“-capital investment in required water pollution abatement fa«;ilitje& o -

" Wo have tried through this special issue of the Interpace Technical
- Journal to advance the understanding of problems that must be solved
in pollution abatement and water resources development.  'We hope
that the committee will find it helpful and informative in their current
deliberations: : ‘




[P

SraTEMENT SUBMITTED TO THE SuscomMITTEE ON ScmENCE, ResgarcH,
AND Drvevopment ey Dr. RENE DUBos, THE ROCKEFELLER Univeg-, |

sITY, AugusT 9, 1966

The following statement appears on page 9 of the Advisory Pansl’s,
report.on The Adequacy of Technolo _ for'].?,pllutlon %Agbatemgn‘t’:;,\; i)
©-No evidence has yet been prodiced that Tow levels' ot poltution have uhify: -
vorable éffects o humanhealth. - “ o L U PR R

- Similar skégﬁciém,;concemingiiihg; potential health :dangers ﬁof[é,iér
pollution has been exgress’ed elsewhere by Prof. A. Wolman. In his
usual pithy manner, Professor Wolman suggested that air pollution

- is principally an “esthetic affliction.”. o L N
- If exhaust gases emitted by o diesél bus had fragrazt aroma, or worse yet,

Ted to physiologi‘calvad&ic%jdn,’ many people would complain about traffc

- There is.no doubt unfortunately that air pollution is more than an- -

esthetic affliction, and that it always resultsin-various forms of physis
‘ologieal suffering and economic Joss. “How then"to account for the -
statement made by Professor Wolman? & statement ‘which is ‘the
more surprising because he is such a great scholar and has associations
-with Johns Hopkins University and its prestigious school of medicine
and public health, . S L RIS S

- 'The reason for the failure to'demornstrate convineingly the dangers
~of environmental pollutants is that biomedical scientists have become
- conditioned to regard as really valid only the type of information they
can- derive from orthodox laboratory techniques. = This attitude has
led them to emphasize the pathological effects that oceur rapidly and -
that are the manifestations of fairly direct and clear cause-effect re- :
- lationships. Admittedly, the effects of environmental pollutants-are. -
not very impressive in this light.  In fact, one might well gain the im-
pression that air pollution is of no consequence because experimental
. animals and probably human beings also readily develop tolerance
~and even cross tolerance to the acute injurious effects of'a variety of

irritating substances. ; ' :

- The dangers to health posed by the usual levels of environmental
‘pollution, and of air pollution in particular, are not readily detected
because they are always delayed and often extremely indirect in their
mechanism. Indeed, as already mentioned, exposure to low levels of
..certain air pollutants induces tolerance against the acute toxic effects

of higher concentrations; but this ‘very tolerance prodices various
- types of tissue damage and other chronic pathological effects that
become noticeable only later in life or even in subsequent generations. =
. The industrial areas of northern FEurope provide an informative
example of the delayed dangers of environmental pollution. o

- Ever since the beginning of the Industrial Revolution, the inhabi--

-tants of northern Europe have been heavily exposed to many types of
air pollutants produced by incomplete combustion. of coal and released -
844 PP i e
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in the fumes from chemical plants; such exposure is rendered even
nore objectionable by the inc'ﬁamency of the Atlantic climate. How-
ever, long experience with pollution and with bad weather has resulted
in physiological reactions and living habits that have adaptive value. .
This is proved by the fact that northern Europeans-accept almost
cheerfully their dismal atmospheric environment even though it ap-
pears almost unbearable to outsiders who experience it for the first
time. - ‘ ; c :
_Adaptive responses to environmental pollution are not peculiar to
northern Europeans. They occur all over the world in the heavily in-
‘dustrialized areas whose inhabitants function effectively despite the
.almost constant presence of  irritating substances in the air they
breathe. It would seem therefore that human beings can readily make
an adequate adjustment to massive air pollution. - o
. Unfortunately, acceptance of air pollution results eventually in vari-
eus forms of physiological suffering.and. economic loss: Tvenamong
. persons who seem almost unaware of the smogs surrounding them the .
respiratory tract continuously registers the insult of the various air
pollutants. A fter periods of time that differ from one case to another,
the cumulative effects of irritation commeonly generate chronic bron-
chitis and other forms of pulmonary disease. Because this does not
‘happen until several years after initial exposure, it is difficult to'relate
~ the pathological condition to the primary physiological cause. -
~ Chronic pulmonary disease now constitutes the greatest single medi-
“¢al problem in northern: Europe, as well as the most, costly ; it is in-
creasing in prevalence at an alarming rate also.in North America, and
it _will probably spread to all areas undergoing industrialization.
“ There is good evidence, furthermore, that air pol%ution increases the
incidence of various types of cancer aswell as the numbers of fatalities
among persons suffering from vascular diseases. But. here again,
the long and indefinite span of time between cause and effect makes it -
difficult to establish convineingly the etiological relationships. -
The delayed effects of -air pollutants constitute models “for the
kind of medical problems likely to arise-in the future from other
. form& of environmental pollution. ~Allowing for differences in detail,
the course of events can be predicted inits general trends. . B
" Wherever socially and economically-convenient, chemical pollution
of air, water, and food will be sufficiently controlled. to prevent the
kind of toxic effects that are immediately disabling and otherwise
obvious. Human beings will then tolerate without complaints con-
centrations of environmental pollutants (whatever their nature and
origin) that they do not regard as a serious nuisance and that do not
interrupt social and economic life. But it is probable that continued
exposure to low levels of toxic agents will eventually result in a-great
variety of delayed pathological manifestations creating much physio-
logical misery and increasing the medical load. The. point of im-
portance here is that the worst, pathological effects of environmental .
- pollutants will not be detected at the time of exposure; indeed they
may not become evident until several decades later. In other words,
‘society will become adjusted to levels of pollution sufficiently low not
‘to have an immediate nuisance value, but this apparent adaptation
will eventually cause much pathological damage in the adult popula-
tion and create large medical and social burdens.
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It is well known, for example, that highly effective techniques have-
been developed to control the acute diseases that used to be caused by
- water pollution. Microbial pathogens ¢an be held in check by chlo=

‘rination ; organic matter content can be minimized by dilution, oxygen~
‘ation, and other chemical techniques; and of course water can be
made limpid by filtration. 'But there is no practical technique for

removing inorganic materials, as well 45 some synthetic organic sub-
stances, that tend to accumulate in water supplies as a result of indus--
trial and domestic operation.: -Even though clear and free of patho-
~ gens, many sources of potable water are now becoming increasingly’
contaminated with a variety of chemicals that: probably exert-delayed.
toxic effects. * In' this regard, it'is worth keeping in mind the recent.
reports suggesting that the incidence of certain forms of cancer and- .
vascular diseases 1s correlated with differences in geological formation
and in the mineral content of water supplies.- While these reports
are still preliminary and 'sub judice they point to a new kind 6f threat,
‘which though ill defined, bids fair o become of increasing importance
in the-future. ' ' o E i TR
~ In my opinion, the medical problems posed by environmental pollu-
tion will require a kind of scientific research which is greatly neglected
at the present. time, and for which adequate facilities do not exist -
either in medical schools'or in research institutes.” 2

‘For example, it will be necéssary to maintain and study various
kinds of experimental animals under a' wide range of conditions for -
prolonged periods of time, and indeed for several generations. " To be
successtul such-studies will have to be-carried out with animals of
known genetic structures and experiential pasts. Equipment will be
~ needed to record, retrieve, and analyze'the complex data, to be derived
from the study of large populations and multifactorial systems. -
- The mere listing of these facilities points to the need for new types
. of institutions with a special organization of highly integrated. per- -
-~ sonnel.” 'What is required‘is nothing less than a bold imaginative de:

_parture.to create a new science of environmental biomedicine, =

- Unfortunately it will always remain impossible to predict from :
- laboratory experiments all the threats to health that can arise from
" ‘technological nnovations, - Unforeseeable” accidents will happen, as -
~was the case with exposure to ionizing radiations or with chain
cigarette smoking, or with'the use of thalidomide during the first 3
months of pregnancy.. Since it is.impossible to test all the effects of all
technological innovations, some of them will inevitably have patho-

logical consequences: L T i ;
. We must abandon, in fact, the utopian hope that regulations can -
" protect us completely from all health dangers in the modern world. . .
For this reason, the science of environmental biomedicine should be
complemented. by a prospective kind of epidemiology, designed  to'
detect as early as possible early manifestations of abnormality.in the
~ population at large so as the guide efforts to trace such abnormalities
to technological and social changes. -Seen in this light, prospective
epidemiology would constitute a kind of protective social organ, as
assential to disease control "as are the safety regulations designed to.
protect the public against known dangers. - ~.' . ;

I .




STATEMENT SUBMITTED T0 THE SUBCOMMITTES ON SCIENOE; RESEARCH,
. AND DEVELOPMENT BY Avex Raprn, Americax PuBLic Power Ag-
" SOCIATION, Avgust 10, 1966 ; : SRR
_ ELECTRIC VEHIOLES AND AIR i;émUTIQN' AI}A}"I/‘EMENT‘
The motor vehicle' commonly is described as a major source of air
~ pollution.. A report by the Department of Health, Education, and
Welfare, published last' November, estimated that:about half of the

total air pollution problem in the United States-is caused by cars,

trucks, and buses. A report published in J une in' St. Louis, Mo., indi- .
cated that 63 percent of the hydrocarbons discharged into the at-
mosphere in that city during a 1963 test period were attributed to
-automobiles. . g e L
Efforts are being made to control the exhausting of hydrocarbons
and carbon monoxide by vehicles, but even the best of these provide
something less than 100 percent control. For: example, 1966 auto
models for sale in California, where a stringent exhaust control law
is in effect, are equipped with exhaust control systems that reduce hy-
drocarbon emissions by about 65 percent and carbon monoxide emis-
sions by about 50 percent, according to the HEW report. = - :

A PERMANENT SOLUTION POSSIBLE

On this basis, even the adoption of California-type legislatioii by all
- of the other States would not solve the vehicular pollution problem; it
_would merely permit a doubling of the number of automotive ve-

~ “hicles without any increase in the present level of pollution, admittedly
‘too high. Population: projections indicate that a doubling of the
number of vehicles can be anticipated within a relatively few years, and

" automotive pollution will rise accordingly. .

- Members of the American Public Power Associaf}i,on“ai'é de’eply"’in{ L 8

* torested in what appears to offer a solution to a major part, of the
automotive pollution | roblem—the electric battery- owered vehicle.
Although it is not likely that battery-powered-automo iles would com-
pletely replace combustion-powered vehicles, the air pollution problem
would be materially alleviated by the widespread use of battery-pow-
ered automobiles and trucks. - Lo
. Development of new types of batteries which are lighter in weight
and more long lasting than earlier types has stimulated much interest
in the battery-operated vehicle. Our association has established a
new'committee to promote the electric auto, Battery-powered forklift
vehicles, golf carts, delivery trucks, and other specializéd vehicles are .
beginning to eatch on, particularly in Great Britain. .~ . . "
. The early development of the automobile proceeded along’ three
Ermclpal routes—the gasoline-powered engine, the steam engine, and
battery-driven electric ‘vehicle. Some of the early manufacturers :
switched from one type to the other; all types had certain advantages.
. : 847
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SIMPLICITY AND RELIABILITY NOTED

A description of the battery-powered automobile of the turn of the

century in£cates that it had reached an enviable position. “Evolution

- of the American Automobile,” by Daniel D. Gage and Anne C. Garri-

son in Business Topics, published by Michigan State University,
Autumn 1965, notes that— - ‘ : : :

‘ It was the ultimate in- simplicity :.and reliability, starting immediately. with
~ the turn of a.switeh, moving silently, increqsing speed with utmost smoothness.
Anyone could learn to:drive it with finesse in five minutes,. Consequently; it .
became identified with lady drivers and older people who were not concerned
with dash and dreams. of glory; ' Like its upholstery, its public' image was dove -
grey. Its-top speed did not exceed 25 miles an hour, and it§ range was limited
... by the need for: recharging the storage batteries every 60 miles, either at a .
‘"public garage or by means. of ‘expensive’home equipinent. - As a passenger car,’
.. the electric car-held ‘on. unti], the first. World War, but the electric truck for
street or in-factory use was revived 25 years later. .

The same.article notes that after the gasoline internal combustion
- /powerplant won out over steam and electricity— o S
For over half a century engineering ingenuity has been, devoted to imiproving
the piston- engine, which is:basiéally .an over-elaborate and: -unsatisfactory .
source of power. -1t:may.have been theé challenge of perfecting: thisdmperfect
machine attracted.designing talent rather than to the.steam or electric car,

' RESEARCH EFFORT NEEDED

- Whatever its merits-as a source ¢f automotivé propulsion, the gaso-

- line engine is choking our civilization with its fumes. While con-
tinuing to C{)erfect"thls‘ “overelaborate and unsatisfactory source of
power” to diminish its contribution to our air pollution, it would be
- desirable, also, to'devote engineering talent to the battery-driven ve- .
* hicle, which appears to have many uses in our urbanized society today.
A study by the Cornell Aeronautical Laboratory, Inc., it Buffalo,:
N.Y., last-year, made for the: Commerce Department, suggested the
desirability of two distinct types of vehicles, one for urban use and’
one for interurban highway travel. 'The Cornell group predicted .
that .a_major market for electric ‘automobilés, primarily for urban
nse, will appear by 1980, pointing out that the electrically. powered
car creates no air pollution and, perhaps more persuasive to potential
buyers, has operating costs which are considerably less than those with

internal combustion engines for stop-and-go driving. - Con

. Just recently, an interesting suggestion was made by Columnist
Howard K. Smith'in the June 1966 issue of Washingtonifin magazine.
Declaring that there are dozens of things which we can do about city

- traflic “when the moment of total paralysis and the incidence of ling
and throat ailments finally prove \iﬁi'a;t‘ something must be done.” . -
One'of these could be to provide inner city (ﬁ'ivers‘,i?vith -4 flegt; of
drive-yourself electric, two-seater carts, which could be driven for a

- mile, at'a speed of 20 miles per hour, foreach coin putin a slot.” “There
would be no fumes, no important accidents, and no traffic jams caused
lf’)y as mere 40 or 50 people scattered 1-apiece in limpusines big enough

Sfor 87 0 o T e e

S
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‘CADILIACS VERSUS EIORSES!

_ Tt is certainly true;as Mr; Smith:says inthe same column, that there -
~ are few inner cities today- where distances were not covered faster
half a century ago in horse-drawn vehicles than they are today in
Cadillacs. /il s
" So one arm ‘of the research. effort into-the electric- vehicle can be
~ directed toward designing, specifically for.urban use, a vehicle which
can transport people from place to place at relatively.low speed, with
ease of stopping and starting in dense traffic. The design of the ve-
hicle itself requires aninvestment of talent.and imagination. - ’
Since there remain a good number of one-car families in America,
and since the automobile represents both a convenience and a pleasure
vehicle, a great deal of work must be'done to increase the speed at
which a battery-driven auto'can travel, and to increase the distance
which can be traveled without recharging the batteries. - o
A recent article by Edmund K. Faltermayer, ap earing in the No-
" wvember 1965 issue of Fortune maga,-zine,»: reported that Yardney Elec-
tric Corp. of New York City has fitted uIl) a special Renault Dauphine.
with lightweight batteries that can propel it at speeds up to 55 milesan
hour, and up to 80 miles on a charge. ~“The catch is that these are
military-type silver-zinc batteries costing $3,000.” Nevertheless, Mr.

" Faltermayer added, several companies, including’ Yardney and Gen-
eral Dynamics Corp. are pushing ahead in the search for batteries
that would cost only a fractionof this. - .~ =~ = bl s ‘
" Mr. Faltermayer concludes that while a battery-operated car suit-
able for long journeys is a long way off, a smaller version might be
available in a few years. Perhaps he was overly pessimistic, in view
of progress which could be made if an all-out, research effort: 'were
‘launched todevelop smaller, lighter, and more, powerful. batteries.
The fuel ¢ell ‘'may offer an ‘even more promising field ‘for: further
research. R A R R g g

TUEL: CELLS -HOLD PROMISE

~ William T. Reid, of Battelle Memorial Institute, who is serving as
coordinator of a broad research program on fuel cells, declared in a
recent, article that the greatest promise in providing electrical power
for an automobile comes from the fuel cell. Although fuel cells are
not being used commercially, Mr. Reid reported that they are being
Fied experimentally for powering forklift trucks, golf carts, and the
" From the standpoint of electric utilities, Mr. Reid noted that the -
hydrogenoxygen fuel cell, which presently has reached the highest level
of development of any type of fuel cell, would run on the products of
electrolyzed water, thus opening up the possibility of an electrolyzer
in each home garage, or in service stations in residential areas. .
~ Batteries presently available cannot be used effectively in auto-
mobiles because they are too heavy and too costly, Mr. Reid said in the
same article. But he suggested that improvements can be attained in.
lead-acid. batteries—improvements which battery manufacturers have
not been forced to make in the past because their present product meets
the requirements of the present market. “Tere is one area whete re-
- search ‘might make a major contribution,” Mr. Reid declared “An-
other would be research and development leading to a wholly new
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secondary battery based on one of the light metals such as lithium,
sodium, magnesium, or calcium with a nonaqueous electrolyte.” He
- added that this would be no easy task but, if successful, it would pay
great dividends for other electrical storage systems as well as for
electric automobiles, A R T T T T A TR
Mr. Reid’s article concluded that regenerative braking, traétion mo-
tors specially designed for automobiles, controls, and auxiliaries all |
will need considerable development. In each of these areas, research .
- could be justified leading to =& final, practical prototype of an electric
~ automobile. S S TRLMEL SRt ,
' .0 L.} NEW- BATTERIES DEVELOPED & ‘ N
- ‘Within the past year, two new types of electric storage. batteries
have been announced}: JInDecember 1965, the Edison Electric Institute
- and. General Dynamics announced a prototype zinc-air battery ex-
pected to be ready for testing soon. ‘In February of this year Bulton
Industries, Inc., announcedr%ie ‘successful demonstration of q lithium. -
battery that will be subjected to further development work: During

' the past'decade, the traditional lead-acid battery found in every auto-

- mobileand the industrial nickel-iron battery developed by Edison have

been joined by the nickel-cadmium, nickel-silver; silver-zine, silver-

- cadmium and niercury batteries. -Developmental ‘work also is going
forward on sodium batteries.: - i o G Rl

-+ Anarticle on developments in electrochemical energy-conversion de- -

vices, batteries, and fuel cells, by Dr. M. Barak of Chloride Technical

- Services, Ltd:,Swinton,’ Mahc%qste‘x?, England, summarized recent

- progress in. England, where battery-powered delivery trucks are ex-

tensively used, and where passenger vehicles are being designed for

battery operation. + ¢ o e o0 I A

.. Dr. Barak concludes that development work must continue in theé
direction of lightweight fuel cells ‘with higher outputs, lightweight

- traction motors, and possibly high-speed transmission before fuel-

‘battery electric cars can become a practical reality.

~ He reported that over 100,000 electrically, propelled vehicles are in

- operation in Great Britain, ineluding industrial triicks used ‘to trans-
port ni Is.and products in factories, commercial vehicles, mining

locottiotives,and solon. .

L g e ﬁIﬁLION "EI’;ECTi%IG @ARS ?REDiCTED | i
- The Electricity Council in Britain more recently predicted that
‘within 10. years  million battery-driven automobiles.will be in opera-
tion; There are four small electric cars being tested on London streets
as a result of the Council’s campaign to promote the electric vehicle—

- two British Motor Corp. “mini” cars, with the gasoline engine replaced

by batteries and an electric- motor, and two which are specially designed

for electric operation by Scottish Aviation and Peel Engineering,
according to a dispatch from London which appeared recently in the
- The Scottish Aviation model, called the Scamp, and the Peel car,
called the Trident, are expected to cost less than $1,000 when mass
. produced. They can go only abeut 80 miles between recharging,.at a -
- top speed of about 40-miles on hour. Batteries weigh about 700 peunds
‘in the two-passengermodels. . -~ T
‘The Electricity” Council predicted that eventually parking meters -
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" will be wired to recharge batteries, although recharging would be done
in garage sockets during night, using off-peal electric rates, in most
Tt seems highly important to Eursu‘e the design of vehicles specif- -
ically for battery o;lwration, as the British are doing. Thisapproach
may result in vehicles which are most suitable for specific uses; e.g.,
cornmuter travel to and from large cities, as well as in vehicles which
" make the most efficient use of battery power. Obviously ‘the break-
through to wide-scale use of electric vehicles will not come as a result
only of fitting up standard model cars for battery operation, “And a
real breakthrough in terms of consumer acceptance must come'if the
bfa;t%)elry-opemted vehicle is to have ar impact on' the air pollution
problem. . ‘ i

FEDERAL FUNDS FOR BATTERY RESEARCH .

_There are about 15 Federal agencies funding a total of 86 projects in
* battery research. Of these, 21 are being performed in Government -
" laboratories, 14 are being performed by 10 universities, and 51 by 24
industrial companies. Manufacturing. corporations also are:.con-
* ducting research. .« ConlE e e s e e
 The Tennessee Valley Authority purchased a ' battery-operated
electric car in 1961 for study and evaluation of the possible electrie
utility load buildup that could occur from public acceptance of such
a velicle. The car is a Renault Dauphine, with electric motor and
' batteries substituted for the gasoline engine. ST
" After a series of tests on the car, which is called the Henney Kilo-
watt, it was concluded that commercial feasibility of the electric car
“must. await a substantial improvement in performance’ capability,
particularly in the capacity to travel longer distances.” ~A need for
“major advances in stora e battery technology” was noted in TVA’s
report on the Henney Kilowatt, but it was pointed out that research
being carried out in connection with the national space program could
make such advances possible. o R , i
In 1961, the Lead Industries Association of New York launched a
campaign to increase the use of storage batteries as a source of electric
bower for industrial trucks, personnel carriers, and other vehicles.
he association estimated that the electricity consumption of & single
“electric industrial truck would be 7 500 kilowatt-hours per year, or
more than 5 times, as much as is used by a window air conditioner.
This gives an indication of the importance of the electric vehicle to an’
operating utility, particularly when we consider that the bulk of the
recharging load would come during the night, when ot. s would
otion
ugust

Rty

be very low, Several electric utilities have launched sales pre
campaigns to sell electric trucks, according to an article/in the
93, 1965, issue of Electrical World magazine. . g

R. & D. SUPPORT REQUIRED

A leading proponent of electric autos to combat air pollution has
been the Electric Storage Battery Co. The president of this firm, M.
~G. Smith, has called upon the President to “make recommeridations for
research and developemnt of all kinds of nonpolluting devices and
igell'fzout« what both the Federal Government and private industry
~ should do to get those devices built and used—universally and in the

least possible time.” ’ : - ;
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- "Mr. Smith declared that nonpolluting, battery-powered. vehicles for
low-speed, low-mileage urban transportation are feasible right now.
This brief summary of developments is not intended to be. com- |
prehensive, but merely: to-indicate that there is widespread interest
in-the electric vehicle and a recogiition that it can substantially reduce
 the air pollution problem, if it is used as an alternative to the gasoline- -

powered carin urban areas. . .. . T R 5
« Widespread use'of electric vehicles' would require increased gen-
eration of electric power. in order to recliarge the batteries of electric
wehicles. In this.connection, the question of air pollution from electric
generating plants-will be raised, and should be raised, in;assessing the
total impact of the use of electric vehicles on the pollution problem.,
Unlike gasoline burning automobile engines, modern electric gen- -
erating stations do not produce carbon monoxide, and the gas from -
stations is discharged into upper atmosphere, not. at street level where
it directly contamihates theair people breathe.” Furthermore,utilities
- now have very sophisticated equipment for cotitrolling pollution. =
- In general, it would seem easier to regulate the discharge from a fow
hundred large generating plants than from millions of automobiles,
The trend toward construction of larger plants, in more remote loca-
tions, will facilitate the regulation of generatin, plant pollution. = In-
creasing use of nuclear fuel also will re‘d‘uceﬁle potential - pollution
from gemerating plants.© o R
- The members of our association are fully aware of the pollution
problem, as it is affected by the burning of fuels to produce electricity, -
~and I amconfident that they ‘will‘cooperate in any reasonable ‘plan
~ to reduce or eliminate such pollution, .~~~ "
- In addition to establishing' a special committee to promote greater
research which will lead to a “breakthrough” in mass markets and
mass production of electric autoinobiles, our association, at its'annual
conference in Boston earlier this year adopted the following resolution
by unanimous vote on May12,1966: - ' R

“ELEGTRIC. VEHIOLES,;

J-2 % Whereas ‘battery-powered passenger’ and other vehicles offer an alterngd-
<" vtive to, vehicles' powered: by combustion engines, which create severe: air
b pollutions problems, and - - e o 0 T R RIS B
... Whereas research currently underway indicates -that economically. fea-
' sible battery-powered vehicles can be:developed within the near future if "
d/'with an aggressive

' the electric industry and manufacturérs push £orw:

;program of resedarch:and developmerit, and e S ‘

;. Whereas the electri¢ yehicle promises to provide an exeellént off-peak load . -
forelectricutilities, . - oo 0 g T e

Now, therefore, be it resolved: That the American Public Power Associar

* -tion urges'a large-scale research and development effort to bring the electric

vehicle to:the market.. = , o g ‘
APPA hopes that your committee, in atthcking the most ‘pervasive
. source of air pollution, will recommend the kind of large-scale research
and development effort necessary to make available a pollution-free = -
- means of transportation for our urban-areas. ., . .
_Our association urges the:committee’s support for. a. two-pronged
research and development effort. : Such an effort would include both:
_ design of new.vehicles suited for: battery o;{)eration and 'development
of lighter, longer lasting, and less expensive batteries which can power
the Vehi:clpsogthe_‘future.f Y e L e e R e




 STATEMENT SUBMITTED TO THE SUBCOMMITTEE ON SCIENCE, “Re-
"' §BARCH, AND DEVELOPMENT BY Groree A. HorrmaN, UNIVERSITY

- or CartrorNts, Aveusr 17, 1966 it :
| Extroy REQUIRBMBENTS $oR BreoTRIC AUTOMOBILDS ©

(By George A. vHoﬁma‘nm,f research ‘enhgineer’, Tnstitute of Govern-
I(Ijlei):f:;f and Public Affairs, University of California, Los Angeles,

I. INTRODUCTION ! WHY ELECTRIC AUTOMOBILES ?

Automotive propulsion ‘accounts today for about half of the energy
generated by combustion in the United States. A review paper on the
energy requirements of automobiles—particularly electrically driven
cars—appears therefore to be appropriate for this first conference on
energy conversion. . ' ; T S - :

- The internal combustion engine was not always the favorite ene;r%y' :
conversion device for propelling passenger cars. At the turn of the
century there were more battery-operated, electric motor cars in use in
this country than either steam or gasoline powered. But the severe
range and speed limitations of storage batteries in those:days soon
doomed the electric car for oblivion. Quantity demand and produc-

_ tion of electric automobiles ended half a century ago. . e :

But in the last decade or so some automotive trends specifically .
favorable to the reconsideration of electrically driven passenger cars
have developed. Forexample: = .- o e SR

" Electric motor design has. progressed very rapidly in recent
years. Improvements in electromechanical conversion efficiency
and in weight reduction are now at the point where the electric

. motor merits reinvestigation for automobile traction.

" In the past decade, the weight of batteries and regenerative

- fuel cells per unit of stored energy has dropped to a small frac-

* tion of their value of a half-centuryago. ..~ :

" The large increase in air pollution from the exhausts of the

__internal combustion engine has become a serious national problem. .

' _The socioeconomic losses due to degrading the quality of the air.
we must breathe might yet force installation of smog control.
devices on cars costing as much as the engine itself.' Battery-
operated electric cars do. not contribute significantly to air-
contamination. ; : ' . e

The demand for cars per capita is increasing with a related
proliferation in diversity of automobile models. The rate of-

~ Increase is greatest for the second car in the U.S. family, used

. NoTB.—The views expressed in this paper are those of the author.  They should not be

“Interpreted as reflecting the views:of the institute nor of the undversity, or the: official
opinion or pollg f the a;‘)on‘sors of this study. ) . ) j

1 George A. Hoffman, “Los Angeles Sm&g Control,” Rept. MR-586, Institute of Govern-:

ment and Public Affairs, UCLA, March 1966. . ) R s
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_either for commuting or for household-type trips, and character-
ized by more missions than the first car, but of shorter range.
- These suburban cars appear the most readily adaptable to electrical
conversion. . - L S g
Consumer prices for gas and oil ‘are rising proportionately -
~ faster than the price of electricity, and will.do so for the foresee-
able future;, Electric propulsion of ground vehicles is therefore
steadily - becoming more “attractive economically. - Automotive
energy conversion would be more efficient and operating costs
___cheaper if nonfossil electrically regenérable fuels were used. ,
For these reasons, the design of the electric car is reviewed here with
estimates of its energy requirements. . .

II, GENERAL MAKEUP OF ELECTRIC AUTOMOBILES

Automotive marketing history shows clearly that it is almost impos-
sible to successfully introduce a radically changed car to the motoring
public if it departs too noticeably from the established demand and
acceptance criteria of the time. To be popularly wanted, manu-
factured, and sold in large numbers, electric automobiles should con-
form to the major characteristics of conventional gasoline engine cars.
This requirement spells out most of their basic design criteria. ‘

Electric cars should therefore be engineered to resemble or excel
present-day cars in most of the following respects:

- General appearance and diversity of models; g
Convenience, comfort, passenger capacity and protection, in-
- terior design; S T e S :
" Performance, top speeds;
Handling, agility, ride;
_Range between refueling;
. Costs, initial and operating. - Ty e :

After a century of development, the weight composition of auto-
mobiles has been dictated by the consumer to reflect; the above six points
and others. ' For the great variety of cars on the road today, ranging in
curb weight (takeoff gross weight) from 1,500 to over 5,000 pounds,
the weight composition is remarkably uniform, both as to proportions.
of weight and as to linearity with curb weight, Figure 1 is an illus-
tration of the consistency of the weight ratios of major component, cate-
- gories of 1966 domestic and imported models, designed for the above

set of criteria. -~ - T o e T
- 'These ratios are listed in table 1 for 16 component subgroupings, and
~are the starting point for any successful design of electric cars. - Bas-
ing the design on the ratios shown in table 1, assures that the driver at
the wheel and his passengers perceive little difference in driving, or
‘riding in, an'electric auto versus & conventional car, - o
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TasLe 1.—Weight oompom”tién. of modern automobiles

: : ; i Ratio: n d
. Category and subgroup = ; (wmpanfa ! FRhON D yelgny)
: . ‘) “fio. Least value
. Body: R : o
i Basie structure_..__ R L S PR 030 0.25-
Al trim________.____ 777 .16 .13
Glass.ooooloo el - .04 |- . 035
~ Engine.____._______ i e S e e e e - 145 .12
Automatic transmission_ - _ oo .o ________ o . 05 .. 04
Suspension: ! ' ' »
Front_ .. L ___ i . 035 .03
. .03 : . 025
027 £023
028 + 025
ks . ______________ITTTTTTITTTTTTTT .04 1035
Steering apparatus_.____ I RNk ol T 2017 | 018
Rear axle, driveline *..__._._____ RESRI SOct o ©.038 .03
© "Exhaust system. . __ - ___llo___ i _______ w015 ; L 012
Battery, electrical. .. _. AP L R .02 .012
Radiator; full 2_________ S LTI . 013 ) . 008
Fuel tank, full._._._ . l....__. EIRR VT S . 042 . 033

1 Front-engine, rear-dxiv;a models only:’ ‘ E
2 Water-cooled engines only.

Figure 2 shows this undifferentiability either from the interior or
the exterior of the car.” D SR
-+ Eliminating those' components that are not required in electric-
- motor propulsion would at first give the weight composition of electric
cars shown in the left-hand column of table 2. It is assumed that the
least-value ratios from table 1 represent the better engineered product
in current demand. But there are advantageous side effects on each
- of these components in going to battery operation and electric motors.
Some of the weight reductions and alterations applicable to each cate-
%01'.71 are also enumerated in table 2, with an estimate of the weight
raction decrease. The right-hand éolumn shows the finally altered
- component weight of electric cars as portions of curb weighz,. - '

P
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CONVENTIONAL

y ELECTRIC

FIGURE 2——Diagrammatic companson between a convenﬁonal and an electnc
automobile e :

68-240—86—vol, II—17



858  ADEQUACY OF TECHNOLOGY FOR POLLUTION ABATEMENT

" *T 919} WO aN[EA Js8orT ; &
X : ThTpTEnYes TTITTATET e Rt Dl Db T etk e BTt bt S P N, 0581098 AB10ur
X - TmEeeeeee- i-,----------.,.-------------------w----,-----.,-----n-----------.. ................. e SI0JOUL ILIJOOH =
: , o : . o - ‘uoraBIY :
g1 e - PoUM-F YqSiom 38 pue Juosy fenbs ‘DD 10l WOy WSTHEYPow SuL100s 1)ySrT | g0 CIIITTTTIrTr-Buneyg
6go * e 00 T r----------;----w-ﬁ.-.,.,-.,,-,,--------»------4-----..-ov ..... Gco * N B e SOILE, ;!
€20 ° 1o i) --l---lur..,----!.:--,x-:-.,i.la---i..:.w ...... ToTTTTTIOE T omqﬁ:o;oz 860"  |TTTTmmTmmmmee S[eOY M
Gz0* B e e i S dAo0qe se ouisg | 670 * S b uorsuadsns aeoy
: ‘ : : e R 'squtod worjoun( Apoq-Surds 3 ) :
620 ‘ % 183U paraisnpo yord L19yyeq ny) MO "UONNAINSIP JqSoM Ieo/puod] renbyg | gp - 52 ks uorsuadsns quosy
¢eo " - 0 B RO rich it bt b SR i e et bt SUOIIBIONB ON | Ggp *  [-==-=--2=-=--- = )
R, : "YIOMTLIS 9YB)Ul J1%-JO UOTBUIIITY *SYUSTIRIISUL Pue sSurysTuIng preoq .
GIT* w8 “USEp JO uonrogIduwIy ‘HOIIBINSUT [UULISY) 'PUE -[€01ISN00E JO uononpdy [ L |Tmmmeemommmoeeeo WLy,
) “el i 2T e ‘Puun} aury : , ) .
: : ~OALIp pue dumny uolsstwisuer) Zooppru jo UONBWIWINY  'SIYSOM pojer)
120 .| % -UBIU00. JO TOINqLISIPAT Aq POMO[[E SISSEYD PUB QUIBI] UI SUOMONpPOI 988y | gg0  |~--=--- aInjonays Lpog
| uorpoexy L ) L i i .
[y oichg uonjonpax jredivjuneo [BUOUPATOO THOTy o1 issod SUOBINY 1 0181 JYSOM Jusuoduron
JUSA [euLg “JYSM : : O :

P | [X+X+250=00'T sumg]
SapqowoIND 139970 fo uoysoduion WowM—g a1avy,




ADEQUACY. OF TECHNOLOGY FOR POLLUTION ABATEMENT 859

The weight of electric motors divided by curb weight, is indicated
by X, an unknown to be later determined from performance and speed
" requirements. The ratio (energy storage weight)/(curb ‘weight), is

denoted by Y, which simply equal 0.53—X. Insum, it appears that
- slightly more than half of the gross weight of electric cars should be
~ made up of electric motors and energy storage/delivery devices.

111, MOTORS, PERFORMANCE “AND  SPEED

'As mentioned earlier, the performance (or acceleration eapability)
of an acceptable electric car should match that of a comparabl{a-
_weight modern automobile. The performance of passenger cars is -
usually measured by the time reqluired to accelerate from standstill -
to 60 miles per hour. But initially, electric cars will be primarily
~ “town-and-country’”’ types of vehicles, and the performance that they
should match is the acceleration capability of present-day cars at the
lower speeds of 0-30 miles per hour. This implies a prime require-
 ment that the electric-motor power available at, say, 15 ‘miles per
 hour be the same as in gasoline-powered cars with automatic trans-
missions. Matching horsepowers at 15 miles per hour actually pro-
vides electric cars with better-than-conventional performance up to
15 miles per hour, comparable performance for 0-30 miles per hour,
and somewhat less-than-conventional performance for 0-60 miles-.
per-hour acceleration. . ‘ »
The horsepower available at the wheels of latest model cars while
accelerating through 15 miles per hour is shown in figure 3, and gen-
erally amounts to one-third to one-half of maximum published horse-
power. This horsepower is calculated from the manufacturers’
published data about the maximum engine torque, the automatic
transmission’s _torque-converting ratio at stall, the differential gear
ratio at the axle, and the number of tire revolutions per mile. R
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Fieure 3.—Weight and horsepower avaﬂable at 15 mph in late-model cars;

The formula for estimating the horsepower at 15 miles per hour
- (HPy) is HPyy=4.76X10-5X (engine maximum ‘torque) X (converter:
- stall ratio) X (axle ratio) X (tire revolutions per mile) where

27
=5
4,76 X10 ~33.000X4

-33,000=foot-pounds per minute per horsepower
4=tire revolutions per mile per tire revolutions per minute at

15 miles per hour ‘
2r=radians per revolution.

This estimate of the available power assumes none of the various -
degradation factors,® conservatively assumed to be comparable in size
to those expected in electric motors when in general use for automotive
propulsion, and amounting at times to a one-quarter power loss. It

2 George A. Hoffman, “The Automobile—Today and 'I‘oﬁlorrow," Proceedings of the 415t Meeting of the
Highway Research Board, National Academy of Sciences, January 1962, fig. 6, : o
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ma,y be concluded from the plots in figure 3 that electric motors should
be selected so as to impart at 15 miles per hour =

HPy5=(0.024+0.00H) W . . . . 1)

~the lower figure being close to the mean of standard-performance
passenger cars with curb weight W (pound), and the higher figure for
" medium- to high-performance U.S. cars. . ‘
" The weight and power of some classes of electric motors is plotted
in figure 4, based on manufacturers’ specifications. Motors were
assumed to be downgeared so as to turn the car’s wheels at a top speed
“of 1,200 revolutions per minute (about 90 or 100 miles per hour).
The horsepower devel%ped was at one-sixth of this maximum revolu-
tions per minute; namely, around 15 miles per hour. The duration
and frequency of the power pulses were assumed to be patterned after
suburban and light traffic driving conditions. ‘ o

@ Automotive starters and [0 erinted motors, forced air
DC fraction motors cooling, hypotnetical pulsed
‘ operation
O 24000 rpm'polyphou squirrel A Indqurlol AC motors,
cage induction motor, driven by : . uncooled, continuous use
variable frequency converter, . : :
pulsed operation,oil cooled ; ’ v Inducfrinl pe ui'oiors,

uncooled , continuous use

1000
/‘, /"(
100f . /N ,V
: . ‘ ’ /..
- /V :
z
]
a :
S5 10 =
o
H
$ s
°
a
L
"
2
| 2 . 1 N 3
| 100 . 1000

10 :
‘slectric motor. weight, w, (Ib)

FioUre 4—Weight and power of electric motors.
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An interesting type of motor is the polyphase squirrel cage induction
~motor, oil cooled and driven with a continuously variable frequency
converter. This “in the wheel” motor is presently used in the integral
motor wheel drive of an experimental army truck and off-road heavy
vehicles® These automotive electric-traction motors weigh about
2 pounds per horsepower and it is claimed that they can be designed
-as low as 1 pound per horsepower. - Automotive motor requirements -
are less stringent than those usually employed for designing stationary
electric motors. For example: - R
Full-power demands are intermittent and occur only during
one-fourth to one-half of the running time. o
“ The motor lifetime design need not be over 10° hours of opera-
ion. : ,, e : ;
The automotive industry has many incentives to lighten the
“weigh of motors by increased use of nonferrous alloys.
Forced cooling with water or oil is desirable and acceptable.
- The power delivery of these future automotive-traction motors then

is about 5 ,
: HP=05w .... - @) -

where w (pound), is the weight of the motor and of the frequency
converter. 'Combining expression (1) with (2), (that is, matching
the initial zero- to 30-mile-per-hour performance of modern gasoline
engines) gives for the electric motor weight w=0.04W. - - .
~ With X in table 2 being w/W, and equaling 0.04, Y is equal to
0.49. In other words, about 4 percent of the weight of electric cars
should be assigned to traction motors and almost half the weight to
batteries. ; T R
It is interesting to note here that the torque performance of the
- electric motors (when driven at constant power b)eafo_nd 15 miles per
hour), parallels quite satisfactorily the wheel-axle, torque versus
- speed curves of conventional internal combustion engine automobiles .
up to moderate highway speeds. (See fig. 5.) This eliminates the .
problem of driver readaptation to electric propulsion in city and”
suburban traffic. - The characteristics of the motor in reference 3
seem to assure that the electric car responds and performs as a piston -
‘engine-powered car would to the driver’s acceleration pedal demands
under the most frequent stop-and-go traffic conditions. In figure 5
_ the automatic transmission curve (dashed) is a composite of the
manufacturers’ data on the latest model cars, whereas the low-slip
electric induction motor curve is based on assumed operation at
constant wattage after 15 miles per hour.

The maximum speed of electric automobiles on a level road can be
calculated by equating the constant propulsive power delivered by the
motor with the power required to overcome aerodynamic 'drai,; tire-
rolling resistance, and any othér frictional dissipative forces (the last
being negligibly small compared to aerodynamic and tire resistance).

3 “Powered Wheels,” Product Eixginéermg, vol. 37, No. 5, Feb, 28, 1966, p. 58.
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FIGURE 5.—Wheel torque versus speed characteristics of conventional auto-
’ mobiles and ‘constant-power electric-motor-driven cars. o

_The tire-rolling drag force of passenger car tires. is between 0.01 and
0.02 of the curb weight and increases with speed. For good quality,
- properly inflated tires (the lower bound of the band in fig. 6), the
~rolling tractive force * is about V Rl Tt

QOLEBXI0—)XW . ...~ @

The aerodynamic drag force at 60 miles per hour of various 1960
- 'model vehicles is shown in figure 7, indicating that this resistance for:
: recently styled automobiles may be assumed to be

- 304+-0.015(W+150) . . .. : (4)

~ where 30 pounds is the dré;g force at 60 miles per hour bf a driver’s
bﬁdﬁ reclining, as in the car seat, and 150 pounds is the weight of
the driver: . R e

.4 R. D. Stiehler et al., “Power Loss and Operating Temperatures of Tires,” Journal of Research’ (of the
National Bureau of Standards), vol. 64-C, No. 1, 1st quarter, 1960, fig. 8. - :
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“FIGURE 7. —Weight and aerodynamic drag’ of vehicles at 60 mph

~Aerodynamic drag of cars is quadratic with speed,® so that expres~ |
sion (4) may be multiplied: by (V/GO)2 to yleld the drag—speed relation
of automobiles to be

[0. 0083—|—42><10‘“(W—l—150)]v o e (55

P. R. Kyr. oulos et al., “Automobile Aerod amies ” Societ of Automotive Engineers, rej tint No
sp-mo Morch 1960, - ynamics, y zin , Tep! _
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The total force (pbend),‘resisiging bmitomobile me‘tion——that is, the
sum of expressions (3) and (5)—when multiplied by the speed, v, and
the appropriate dimensional conversion factors, is close to the total .

automotive drag power required from the electric motor. This
. tractive power requirement is then

0.00267 X { (0.014-5 X 107° 0) X W4-[0.0083+4.2 X 10~ (W+
‘ FIBONXO .

0 00267—1'467 , (feet/second) /miles per hour
’ ~ 7550, [(foot-pound) /second]/HP

At the top speed of the car, V, the required horsepoWer in (6);,
(with V substituted for o) matches the motor deliverable power

w/2 or 0.02 W, (HP) . . .. (7)

assuming the use of 2 pound/horsepower electric motors. ‘
Equating expressions (6) and (7), rearranging terms, and rounding -

off numbers, gives the equation of the maximum speed, V (miles per

hour) to be ‘

(6)
where

, i g
VP 150/ +0.084 T (0.89/W+4.2 X10-+ [(0.0012/W)+
| L5.6%10-71 ¢ .. . ()

The real solution of equation (8) is a function of W whose intricacies
- are beyond the scope o(fJl this paper. It is sufficient to state that the
solution of (8) varies from V=89 miles per hour for W=2,000 pounds
to V=100 miles per hour for W=5,000 pounds, and that 2,000 WL
5,000 is a reasonable expectation for the future mass-accepted electric
cars. , , ‘

Tt appears then that matching weight composition and initial per-
formance of gasoline-powered cars, can result in . the design of future
 electric automobiles capable of top speeds of about 90 to 100 miles per
hour when allotting 4 percent of the curb weight to the most. appro-
priate electric traction motors. A maximum speed of 100 miles per
hour is quite respectable and useful for most driving conditions,
particularly when it is available in conjunction with performance that -
is within 1 or 2 seconds of the competitor vehicle.

The polyphase squirrel-cage induction motor regulated for constant
power by a cycle converter is observed here to be the foremost con-
tender for automotive propulsion. Tt offers several automotive ad-
vantages such as being brushless and requiring no commutation, that.
is, it promises to be almost maintenance-free during an automobile’s
normal life. Furthermore, its automotive power capability is prob-
ably almost linear with its weight, eliminating many restraints on the
automotive engineer’s choice of number of motors per vehicle. Thus
he need not contend with weight differences when considering whether
~ to install only one.electric motor (to drive the front wheels), two:elec-

trie motors (one in front and one in the rear), or four electric motors
(each driving a wheel). ' If the four-motor scheme is selected, the
‘suspension engineer faces two alternatives: attaching eseh motor-to - .
the frame and driving the wheel through an axle with: two universal '
joints, or having the motor integral ‘within the rim of the wheel and:
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driving it through planetary gears. This last arrangement, though
‘the most felicitous on first obsérvation, may result in an unavoidably
-harsh ride and unpleasant jouncé from almost doubling ‘the present
unsprung weight by adding 1 percent of W, (each motor) to each
wheel-tire assembly; it would also pose unusual problems of heat

dissipation into the tires from the motor. ' ‘ A

1V. CHOICES 'OF BATTERIES AND RANGES

" As seen in the last section, Y, the weight portion allocable for elec-
trical energy storage and delivery, is about half of the curb weight—
specifically ' Y=0.49. Two ‘types of electrochemical energy-storage
lelivery systems are considered here as taking up this half of the curb
weight: conventional batteries, or regenerative fuel cells with ambient
air as the oxidizer source (hereafter called air-batteries for ‘brevity).

TaBLE 8.—Properties of batteries in the near Future

" (&) INDUSTRIAL BATTERIES

) ’ Energy :
Type Symbol density d, | Discharge Method for caleulating ¢
walt-hours [time, hours |. R
pér pound :
Tead-geid Pb-acid ‘ 10 0.5 | Manufacturers’ ' literature “on
L o LI b . heayy-duty diesel batteries.
-Nickelseadmium | Ni-Cd - 201, 1. ) Reference 7::R; C. Shair " -
e " ] S . . [‘Bealed Secondary Cells ..
‘ For Space Power Systems”
Journal of Spacecraft, vol. 3,
R So e T s | " No.1, January 1966.
Silver-zine - | Ag-Zn 30 | 1..5°| Reference 7.

" (b) HYPOTHETICAT. ATR-BATTERIES ,

Zine-air’ B Zn-air 50, .3 | Reference 8: Hines, E, Porter,
R N T J. ' T. and R. J: Newman,
.- “Zinc-Air Battery R. & D.
Shows Promige’’ ‘Electrical
“-World; Aug: 23, 1965, p. 105.

-+ Seale-up- of ‘present: cell-stack

: L I - weights, with H, tank, :

EoL o R . plumbing alid pumps added;
" “Hydrogen-air- | Hpair 60 -4 I"Reference 9: M. G Klein; -

BN s s o R A © - “Electrolytically Regener-

5 : - ative Hy0, Fuel Cell Bat-
ery’’ proceedings, 20th.
Annual Power Souirces 5
Conference, Box 891, Red
'i?»ga,&k, N.J;:07701, May-

- Table 3 lists the salient, characteristics of commercial and 86rospace
batteries, on the assumption that an intensive upgrading effort would
be successful in adapting these batteries for '1powering automobiles in
the near future. - Table 3 also presents (for illustrative purposes only)
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the estimated properties of two hypothetical air-batteries. The first,
the Zn-air battery, is hypothetical in the sense that it requires much
further development and refinement before it can qualify for mass-
production and automotive use, even though it is operative today and
a prototype might be running a vehicle in 2 or 3 years. The last entry
in table 3, the H-air battery, is yet to be designed, but this device
might essentially be considere(f an electrolytically regenerative
H,;-O; fuel cell, eﬁminating the O, tanks, and using pressurized air for
the oxidizer. Its energy density was ‘calculated by postulating a
slight improvement of extant ce -stack design, and adding ‘the least-
~weight of necessary Hy tankage, plumbing, and pumps. : s

‘Hydrocarbon and several other fuel cells are omitted from table 3
because of their nonregenerative nature and their excessively low-
energy densities, even though much of the research activity ®in energy
conversion is in this area. This type of fuel cells are quite feasible as
electric power-generating units for cars, in the intermediate run, pre-
ceding the ultimate advent of light-weight low-cost batteries.

In all entries of table 3, the energy density, d, depends on the
frequency and length of deep-discharge time. 'The time for discharge
shown is assumed roughly to be the anticipated range divided by a
representative mean speed. "The distance a battery-operated car can
travel before requiring either a recharge or refueling is here defined as
the range of the vehicle. The range is determined by the maximum
energy deliverable by the motor, which is L e

0.92YWd or 0.45Wd watt-hours . . . . (-9)

where 0.92 is our assumption for the average motor efficiency in
converting electrical energy to mechanical work. .
The energy in (9) is expended in the work done by the engine. to
overcome tire and aero drag. This work is the sum of t}};e drag forces—
expressions (3) and (5)—times the range, R, when the car is traveling
at a steady speed, v, on a level road on 2 windless spring day. This
work (foot-pounds) equals ' :

{(0.01--5X 105 W+-[0.0083+4.2 X 10-8(W+150)10%}

X (R, miles) X (5,280 feet per mile) (10)

Equating energy and work; that is, expressions (9) and (10), gives
the range of electric cars driven at steady speed to be - ;

R,miles= T = —— dO 0395 T vé% 'v

e 0.044242.21 X 107+ T +1.8@‘X10"~5> B

The raﬁge'Under this purély;ﬁctiti’ous driving condition is showﬁin’ ‘
figure 8. The width of the band is representative of the dependence
of R on W, the lower bound being for W equals 2,000 pounds and the
upper for W equals 3,000 pounds. -

6'M. Barak, “Fuel Cells—Present Position and Outstanding Problems,” Advanced Energy Conversion
vol. 6, No. 1, January-March 1966, . 5 . : :
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Fraure 8.—Range of electric cars driven at steady speed.
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More realistic travel simulations than steady-speed driving are
needed, particularly to account for accelerations and decelerations.
Two_such driving conditions are assumed as shown in figure 9.
Condition I represents urban travel in moderately congested traffic
with. considerall))le stop-and-go driving. Condition II defines engine
utilization for suburban driving in light traffic—not on expressways.

- With the mission profiles assumed in figure 9, the energy e‘xpend):ad
per trip, in steady-speed cruising, can be shown to be quite small
(one twenty-fifth "and less) compared to the energy required per
trip for acceleration, or grade climbing. By neglectithgr the steady-
sdg)eed energy, and stipulating that the work done in ecélerating is

issipated in heat,” leaves only the acceleration phases to be considered.

? Dynamic braking by the motor is assumed, rather than friction braking. Regenerative braking is
another scheme that merits attention for energy recovery in electric automobiles. 1t isnot incorporated
in this design study because it extends the range by only one-fourth or less, but at a significant penalty
in control intricacies and costs. Regenerative braking, though certainly technologically feasible at this
time, is apparently not yet viable economically, :
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This acceleration and hill climbing is conservatively assumed to be
done at close to the full-power level. (By contrast, in conditions I
and II traffic, the median engine utilization by late-model cars is
usually only about half of the available engine power.) The full- -
power assumption should compensate for the omission of the cruising
ower from the following calculations and account for the slightly
ess-than-average performance of electric automobiles at 30 to 60
miles per hour. .
The energy expended between recharges is then
(0.02W) X (0.35T") X 3600< 550/2656
or 5.22WT watt-hours . . . . (11)
where '

0.02W=maximum available motor power, neglecting road-load power
0.35=portion of conditions I and II trip time spent in acceleration
T—travel time available between recharges or refuelings (hours)
3600=seconds per hour o
550=foot-pound per second per horsepower
2656 =foot-pound per watt-hour o .
Equating (9) with (11) gives both the urban and suburban driving
time between recharges to be o
T=0.086d hours.

The variability in city-driving characteristics is greatest in the
block speed (total trip length divided by total trip time), achieved in
a variety of settings and locations, traffic conditions and driver be-
havior. ‘It is only too well known that block speeds of 20 miles per
hour and even lower are still experienced at peak traffic hoursin densely
populated regions, while block speeds of 40 miles per hour or higher
can occasionally be achieved in some suburban driving at off-peak
times. The range of city-driven electric cars is therefore presented
in figure 10 for a variety of block speeds, this range being simply 7'x
(block speed). R ; e ’

40%T
Condition I P8 e Condition IT
urban drivingg= 30%T " suburban driving
5 ﬁ ; € R i S
3 i - R
o ’ | “
S | 20%Er |1 50 |
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40 2 1= < [EE L
) 10 % ' 1
130 | & 2 & *0 z
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Ficure 9.—Assumed engine utilization in city-driving situations. :
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Freure 10.—Range of city-driven electric automobiles.

~Range was only slightly affected by W in the steady-speed cruise
mode, and now—under metropolitan driving conditions—the range of
 electric automobiles seems independent of W. One may surmise from
this, that the present spectrum of car Wei%hts(from 2,000 to 5,000

ounds) and configurations (from small to large luxurious) available
or consumer choice, need not change with the substitution of electric
energy for combustion.! Figures 9 and 10 also imply that conventional
batteries are unsuitable for most consumer range demands. Much
better suited are the Zn-air, H,-air and other as yet to be fully devel-
Kfed air batteries (for example the metal air batteries such as Fe- or

g-air), since these yield quite respectable ranges between refueling
and recharging. - ‘ , - N

It should be noted that the mission profiles in figure 9 are the most
- arduous that one can normally expect. Travel along routes with few

- stop signs or with well-coordinated lights, combined with a driver’s
more moderate use of the accelerator pedal than the full power as-
sumed in (11), could result in ranges up to twice those exhibited in
figure 10. They approach the ranges of gasoline-powered cars with
a single thankful of fuel. ' : :

~Asa concluding example consider : a middle-weight automobile (say, ,
3,000 pounds), capable of 100 miles per hour top speed, but averaging
block speeds of 80 miles per hour in the metropolis, owned by a driver
insisting on a150-mile range between refueling. This requires bat-
_ teries of 50 to 60 watt-hours per pound energy density, and needs 80
- to 90 kilowatt-hours to be stored in the vehiefa. R :

. i ‘ :

1t ‘any. urthermiore, The. masiive. englotering. chors. 1 Tha G ers il clectrlc cars,

“electricars” 1s-erroneous in. not attempting speeds higher than 40 miles per hour, or
ranges greater than 40 miles.. e ; el St ‘

i
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V. SOCIOECONOMIC EFFECTS OF THE FUTURE USE ‘OF ELECTRIC.
AUTOMOBILES Lo :

The societal implications of all-electric automotive propulsion in
the future are investigated in this section. The first item is the fore-
cast of a probable schedule for the introduction of electric cars into the
U.S. market with an ante-facto assumption that the vehicle will prove
comparable in design and costs to the nonelectric cars extent at the
time. = e : s e s g

One such schedule was worked out in figure 11. Tt is based on
increasing mass production and mass acceptance of radically innovated
cars by two orders of magnitude every 4 years, as has occasionally
happened in the past with the help of American manufacturing and
marketing ingenuity. Under these circumstances, it appears from
figure 11 that only toward the turn of the 21st century could one ex-

o

 pect extensive use of electric automobiles in daily travel activities. -
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The palpable economic effects on the consumer’s pocketbook will be
important. Consider first the initial (and, later, the operating) costs
to the car owner in terms of the difference between electric and non-
electric cars, both ;produced.at rates of, say 10°.to 107 units per year.
The production unit cost—and therefore ‘price—for half pf the car.
weight (body, trim, suspension, wheels, tires) should be essentially the,
same for both types of cars. In the remaining half of the vehicle
weight, a major cost jump will be encountered, due to the cost of air-
batteries being intrinsically higher per pound—perhaps 1.5 times *—
than the cost of conventional car components. Thus, as a, whole, elec-
tric cars will tend to be more expensive by one-fourth than their ¢on--
ventional counterparts of similar size and. weight.
. The mass marketing of ‘electric automobiles will require a special

" (but not too novel) task: to.conyince the prospective automobile _bu%rc :

ers to pay considerably more at the dealer’s showroom than they would
pay for gasoline-engine cars; and to trade off this significant incre-
ment (one-fourth of the initial cost) against the equally significant’
decrement in prospective operating costs over the ensuing years of car
use. The unchangeable operating costs will still be: the interest on
the capital, tire replacement, road and highway taxes, maintenance,
insurance, and licensing fees. But a sizable lowering in operating
expenditures will be derived by switching from gasoline and oil to
electric-energy. A reduction of about one-half in fuel.costs might be
expected. Integrated over the years of the car’s life, this would more
than offset the initial purchase price increase. ;

In essence:- one prediction is that electric cars will be costlier to
purchase and somewhat cheaper to operate, with the operational cost
-savings over the years adding up to a net benefit. Automobile manu-
facturers will profit more from the mass production and marketing
of electric vehicles that are comparable to present cars, and have the
added options of highly intricate and sophisticated motors and air-
batteries being substituted for piston engines and automatic trans-
missions.

Electric utilities will welcome the advent of electric cars: electric
power consumption in the United States would about double. The
price of electricity might be reduced by one-tenth or one-fifth, particu-

~larly in view of the heavy nighttime power demands as batteries are
being recharged at home. ' o L
- Our mounting problems of urban air pollution, mainly due to emis-
sions from the internal combustion engine, should be greatly alleviated
by battery-operated cars. One of the most significant benefits from
electric cars in the future might prove to be the abatement of auto-
motive exhaust. - These emissions are costing society billions of dollars,
while degrading the quality of our cities’ air. We cannot afford this
rapidly growing socioeconomic loss to the Nation. ' :

: ° Lewd—.a;(;Id batteries are 114 times as expensive per pound as the average price per %)oun'd
of the whole automobile. Zinc and nickel, primary candidate metals for fuel or elec
< In air-batteries, are cheaper per pound than lead. -

rodes




SrATBMENT SUBMITTED TO THE SUBCOMMITTEE ON ScIENCE, RESPARCH,
AND DEVELOPMENT, BY Warrer A. LivoN, PENNSYLVANIA DEpART-
MENT of HravrH, AveusT 22, 1966 :

COMPARISON OF A MERICAN AND EurorEAN PRACTICE IN WATER QUALITY
‘ o B CoNTROL

Since public policy in the field of water pollution control in the
United States is in the process of undergoing a number of significant
_ changes, there seems to be value in reviewing pollution control policy
in other nations, This might help us to gain a better perspective con-
cerning activities in this country. : G
" While there is a dearth of statistical information concerning pollu-
tion and pollution control progress in other nations, general reports
from many of the European nations indicate that there has been a
significant increase in stream pollution during the last half century.
It is, for example, report: that in 1875, 100,000 salmon were delive
to the retail trade in the Netherlands. Between 1900 and 1915 there
were only 20,000 to 80,000 per year. Toward 1930 the salmon fishery
on the Rhine had lost all practical significance and its revival under
present circumstances appears to be out of the question! Some
European pollution appears to be more recent; for example, in 1954
the Grand-Morin, a tributary of the Marne, which drains part of the
Paris basin, was reported to have been a trout stream. “Today the .
rived is dead and covered with filthy rainbow-colored greases and
hydrocarbons. Less than 10 years were needed for this.” ? :

THE PUBLIC RESPONSE TO POLLUTION PROBLEMS !

The public response to such pollution problems and to fish kills
seems to follow a similar pattern throughout the world. Here is a
~ report from Poland: : »

‘ Recently in an artificial 1ake in' Poland, where the waste matter-—containing
a fungus that deoxydized the water—discharged by a sugar refinery caused the
death of some 20-tons of fry. The press called the lake the graveyard of millions
of fish, There was one good point: the public indignation at the mews which
gave the event greater significance than the actual economic loss, and provided
conclusive evidence that the whole community was awake to the problem. Legal
action has been taken against the culprits.’ ' :

The Polish-Anglers Union now has over 200,000 members and is a
leading opponent of water-polluting industries.
As is the case in the United States, many voluntary organizations

concerned with water conservation are being formed in Europe. Dur-

ing the last 15 years, voluntary water protection associations were

13, J. Hopmans, “The Importance of the River Rhine for the Water Econoni of the
lfsgléerganl%%" RhinggSeminar, United Nations Economic Com'mi'ssio»n for Europe,},’(}eneva;,
2 liepbrt o} Senator M. Maurice Lalloy, to the French Senate, No. 155, Paris, 19‘64; . 28,

8 Joseph Litwin, “Control off River Pollution by Industry,” Interx;[ati’onal‘Associaﬁ%n of
Legal Science, International Institute of “Administrative Sciences, 25 Rue Charifé, Brussels,
Bélgium, p. 12, - - : : o L T :
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formed in Belgium, France, West Germany, Switzerland, Yugoslavia,
and other European countries. They combined in 1956 to establish
the European Federation for the Protection of Water. In Germany
there exists a nonpartisan association of Federal and State legislators
who are concerned with the problems of water conservation, partic- -
ularly pollution. In France, a Federation of Fishermen’s Associa-
~ tions and Amateur Anglers Defense Union played an important part
in the passage of the new French water pollution control law.* While
there have always been professional associations in Europe concerned
with the problems of water pollution control, new organizations con-
tinue to be formed, such as the Swedish Association for Water Hy-
giéne, an organization representing bacteriologists, jurists, chemists,
hysicians, and other technicians concerned with water pollution. A
“ugoslay Association for Water Protection was formed in 1963. Its
membership includes distinguished experts in the field of water econ-
- omy, hydrologists, biologists, economists, and lawyers. One of its
purposes is to keep the public aware of the need and advantage of
pollution control. a0 , S
It is, therefore, abundantly clear that in Europe, as in the United
States, sportsmen, conservationists and ‘professionals are bringing
pressure upon parliaments and legislatures to pass stronger water.
pollution control laws. g e A i
 The Swiss people, by referendum, in 1958, voted by an 80-percent
- majority that water protection ought to be the concern of the central
‘government.’ Do e :
‘ LEGISLATIVE ACTIVITY IN EUROPE.

~ Some countries have already passed stronger water pollution con-
trol laws and others are giving serious thought to such legislation. -
The Netherlands does not have a strong comprehensive water pollu-
tion control law at this time. Laws passed during the past 70 years
do give the national government pollution control powers in the major
rivers and ship canals, S i o

A comgrehensive water cods was passed in Poland which not only
controls discharges, but also indirect pollution by air and soil con-’
tamination. . a8 Sy

During the early 1950’ after some considerable study, the Belgium
Parliament passed a comprehensive water pollution control law. This
law is already considered inadequate and serious consideration is being
given to new and stronger legislation in this field.

In West Germany, the Fetfelral Water Act of 1960 provides, for
the first time, a uniform basis for water pollution: control through-
out West Germany. The act provides for a_permit system and im-
poses_implementation of the act upon the West German States of

aender. Three of the West German States have refused ‘to imple-
~ ment the new law and in October 1962, won a Federal court case

‘which declared many of the _provisions of the new act null and void
- and unconstitutional because it infringed upon the lawmaking rights

- of the West German States.®? T LT e S

‘Litwibn- op. cit., 00
¢ Litwin, op. cit.,ff)). 89, iy . ‘
L Figistn $idle Dt Disposa and Water Supptss 1n Wester Gormasy”
. J. Jackson, “Trade uen sposal an ater Su; es In ‘Western German
Federation of British Industries, 1962, p. 9, e e ¥
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A comprehensive water pollution control act was passed in France
in 1964. It includes all French waters including underground and
coastal waters. It isnot limited to discharges but covers “any activit
likely to cause or increase pollution by altering the hysical, chemical,
biological, or bacteriological characteristics of the water.”® The
~ French act is very broad and leaves the details of implementation
to the executive branch of the Federal Government. Lo
In the United Kingdom, legislation passed during the last 10 years
has greatly strengthened the power of the Ministrfy of Housing and
Local Government and the river boardsin the field of pollution control.
The Tidal Waters Act of 1960 extended control of water pollution to
tidal rivers and estuaries. The 1951 Rivers’ Prevention of Pollution
Act has exempted from control all pre-1951 discharges which had
Dot materially changed in quantity or quality. The Public Health Act
- of 1961 requires applications for consent, for the continuation of pre-
- 1951 discharges. The 1961 act and the Water Resources Act of 1963
greatly strengthen the role of the river boards and changes the name
to “river authorities.” % = [ :
Yugoslavia has no comp: chensive Federal water pollution law now.
Pre-1940 legislation in the various Yugoslav republics still apply ex-
cept in Slovenia and Macedonia. Comprehensive Federal legislation
establishing water quality standards and classifications are now being.

drafted.u

INTERGOVERNMENTAL RELATIONSHIPS

Federal legislation in the United States has, during the recent years, - ‘
caused a significant shift in Federal-State relations, particularly in
the field of enforcement. It is interesting to review briefly this area
of intergovernmental relations in European water pollution law.

As mentioned above, in Yugoslavia the prewar water laws of the
Republic prevail at this time. Only two of these Republics, Slovenia
and Macedonia, have recently passed water pollution regulations en-
forceable within their own territories. They explicitl provide for the
treatment of wastes. The other Republics, 1f they had any pre-Second
World War water pollution control laws or re ulations at all, these
were very general or nonexistent.. Each of the Republics has its own
regulations for the protection of fisheries and these may require the.
installation of treatment facilities. In the field of industrial wastes,

there is a Federal law which requires that no industrial enterprise may
be set up or altered in any way without authorization of its investment
program by the Federal Government. This includes consideration of
industrial wastes pollution problems and they are, in that context,
considered by the Federal Government.*? : B

"As mentioned above, Germany, in 1960, adopted a.comprehensive
Tederal water pollution law. which has now been, in principle, declared
unconstitutional as it was attacked in court by three of the German
States. Prior to that time and presumably still in force are the stat-
utes of each of the former German States which existed before the

8 Litwin, ;C:tlp. cit., pp. 25, 96, . i it o o

9 Garner, J. ., in Litwin, op. cit., p. 149. S : : Gty T s

10 Lyon, W. A., and Maneval, David, “The Control of Pollution From the Coal Tndustry

and Water Quality Mana ement in Five European ‘Countries,” Pennsylvania ‘Department

of Health, Division of Sanitary Engineering, Pu lication No. 13,1968, p. 1.~~~ =
un St;‘epanovic, Nikola in Litwin, op. cit., p,'170. [ o s :

12 Stjepanovic, op. cit., p. 180.
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Second World War and these are quite varied and complicated by the -
fact that some of the former German States have been combined and-
reapportioned to form other states.. Generally speaking, Prussian law
is typical in Germany, and it generally prohibits pollution and imposes

- the riparian concept of water law.1s 14

- English law gives nearly all of the specific powers for the manage-
ment of water and control of pollution to the river authorities. The
Minister of Housing and Local Government merely hears appeals,
which is rare. He also is responsible for formulating a national policy
relating to water. ]

In Holland, Federal authority is limited to major rivers of national
interest as is the case in the United States. Power over lesser rivers
is in the hands of local watershed authorities established by the
provinces.'s ; ; :

THE USE OF CLASSIFICATION SYSTEMS

~ . The principle of stream classification crops up occasionally in Euro-
pean legislation. The Belgian Parliament seems to have been the
first to consider this principle as is the case in some States in the
United States, in the 1965 Water Quality Act, which requires the
States to submit water quality criteria which, of course, is a form of
classification. Poland is drafting regulations providing for classifica-
tion of its streams and this appears also to be the case i the U.S.S.R.
and in Bulgaria.’®* In Yugoslavia too, legislation is being drafted to
include classification of water. : :
~In France, the question of classification was debated considerably
when the 1964 bill was considered by the Parliament. The French
Government proposed classification but the French Senate, after the
first reading of the bill, rejected the classification proposal and pre-
scribed instead an inventory of all surface waters which would specify
the degree of pollution of all the streams. The French Assembly
amended the bill stipulating that water quality criteria were to be
established for each stream within a fixed period of time. i

' THE ORGANIZATION OF WATER POLLUTION CONTROL EFFORTS

. When one considers the organizational framework which exists in
the field of water pollution control among most of the European na-
tions, one finds an interesting trend to the management of most water
pollution problems on a drainage basin basis rather than on a state
or federal basis. In Holland, for example, although the major rivers
are now and will continue to be under the supervision of the Federal
Government, particularly the Ministry of Transport and Water in
the National I?lstitute for Purification of Waste Water and the Minis-
try of Social Affairs and Public Health, all of the other rivers are ad-
ministered by watershed authorities which are formed by the prov-
inces, and had their origin in the need of farmers to jointly share
their efforts in the construction of ‘dikes to provide protection against
the sea. It is very likely that the new laws in Holland will strengthen

BC, J. Jacksonz “Trade Efﬂuent Disposal and Water Supplies in Western Germany,”
PFederation of British Industries, 1957, p, 16. .

1 Litwin, op, cit., 29, : :

1 Litvinov, N., “Water Pollu
“Bulletin of the World Heaith Organization ; vol. 26, No. 4 ;

15 Lyon ‘and Manéval, op. ei%., 10, : S e o
t?on in Hurope and in Othgrg»alﬁzastern European Goqntrjes,”
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the role of these watershed authorities which now manage most of the
pollution problems of the watershed by collécting a revenue and treat-
ing the wastes of the communities and some industries.!” v :
The French act is very broad in scope and leaves its implementation
to the Conseil d’Etat (Council of State) through state agencies with
water pollution control responsibilities, such as the Higher Couneil of
Public Health, the Directorate of Water and Forestry, the Highways
Administration, the Rural Engineering Administration, the Depart-
ment of Housing, the Higher Council of Fisheries, the Ministery of
Commerce and other national and local agencies. The act, for pur-
poses of planning and implementation,sets up specific river basin au-
thorities representing water users, local government, and other units
of government. It also provides for financing, the right to levy rev-
enues and even the power to collect effluent taxes from the polluters to
compensate for the harm they caused to the general economy. The act
authorizes financially autonomous river basin authorities which can -
implement water management on a comdprehensive basis.®
t is probably in the United Kingdom where one finds the most
sophisticated  decentralized system of water quality management.
While the Minister of Housing and Local Government has responsi-
bilities in the formulation of national policy and hearing of appeals,
broad comprehensive pollution control authority rests with 27 river
authorities covering the entire Nation. They are responsible for not
only the management of water pollution control matters, but matters
relating to the entire water resource program. KEach authority is, by
law, an independent corporation and is not subject to detailed super-
vision by any central government agency although in many of ‘its ad-
ministrative duties, it may have to obtain central government consent
and its decisions regarding applications for permits to discharge efflu-
ents into a stream are subject to appeal to the Minister. - The river
authority is governed by between 21 and 31 members which do not re-
ceive any remuneration except for expenses. The authority has a staft
and is financed by contributions from the counties and boroughs which
it serves.t? . : ;
The organization of the water pollution control program in Poland
rovides a contrast to the United Kingdom insofar as its program is a
ighly centralized one. The agency responsible for water pollution
control under the new 1961 law is the Central Water Economy Office,
an office established outside of the purview of any of the existing minis-
tries or departments. It is directly under the supervision of the Chuair-
man of the Council of Ministers and has responsibility for coordinat-
ing all problems of water resources development in the Polish Govern-
ment. The Water Economy Office is represented at lower levels of
rovernment but these are merely units of the central office. - The office
1s responsible - for the coordination of all state offices which have any
responsibilities in the water field.>> The 1961 act provides for the
development, of regional plans for the protection of water.
In Yugoslavia, the responsibility for water pollution rests with the
central government, for the more important streams and with the local
units of government for the less important ones. This, as'in Holland,

17 Liyon and Maneval, gf; cit.,, p. 9. -

18 Dondoux, P., in Litwin, op. cit., pp. 96-97.
1 Garner, J. F., op. cit., 150-151, :
= Litwin, op. cit., p. 117.
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is similiar to the situation which has now developed. through recent
legislation in the United ‘States where the Federal Government takes
an immediate interest in and concern with interstate streams,

-In Belgium, the Ministry of Health is responsible for the control
of pollution. Informal and voluntary watershed councils have been
established and it is proposed that their powers and functions be con-
siderably strengthened in a law now being considered by the Belgian
" Parliament. o e e .
- In Germany, very general pollution control authority rests with the

water and navigation offices, the water economy offices and the public
- health and fisheries ministries of the various German states. By all

“'means the most comprehensive drainage basin, erganizations in the

field of water pollution control exist in Germany. '%‘hese are the Ger-
man Genossenschaften. These public cooperatives or corporations are
responsible under state supervision not only for water pollution con-
trol but also for the collection and treatment of wastes, flood control,
drainage, the distribution and sale of water, and many reiated processes
such as the recovery of certain industrial products: from . industrial
wastes.  Members of these river basin authorities are, broadly speak-
ing, those who discharge pollutants into the drainage basin benefit
from the facilities owned by such authorities. These usually include
industrial enterprises, municipalities, and ‘water  users.. The state
government and the Federal Government usually are members of

these authoritiesaswell. .~ . = LT LT o

Each of the authorities has an assembly composed of all of its mem-
bers which elects 2 managing board. Members are those who meet

a minimum fixed contribution. The weight of a vote in the assembly

meeting depends on the amount of the contribution or annual payment

which is made. The laws establishing the Genossenschaften contain
safeguards to prevent certain industries, particularly the mining in-
~dustry from controlling the-vote. Members pay contributions to the
operation and maintenance of the waste collection and treatment sys- -
* tems which are based on an appropriate share of the annual budget.
- These charges are based on waste flow, waste composition, or-a combi-
nation thereof. They are quite similar to the sewer service charges used
in this country. ; , '
The Ruhrverband is perhaps the largest. and the most complex of
these organizations. It serves a watershed of 1,700 square miles. The
- Ruhrverband operates 100 treatment plants, 40 pumping stations, and
together with the Ruhrtalsperrenverein, its water supply counterpart,
~operates 20-hydroelectric powerplants and 2.gas works. - Two-thirds
of the industries in the basin discharge their wastes to treatment, plants
operated by the Ruhrverband. Recreational water use is very high in
the rural area. The legislation establishing the Ruhrverband makes -
its primary purpose the “cleaning up of the Ruhr.”. The actual rela-
tionship which exists between the German states and the Genossen-
schaften ought to be a subject of further study. It is clear that the
Genossenschaften, or water authorities, must operate within the

framework of German Federal and State law, 2! 22

"2 T;yon and Maneval, op. cit., f)p. 12-20. - -

* Gleseke, Paul, “River Basin Anuthoritiog on the Ruhe and on Other Rivers-in Ger-
many.”. = Conference on Water Pollution Problems: in Europe, United Natlons Publication .
G1, II BE/Mim 24 ; pp. 276-282. VU e { e S
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In Sweden, the primary F}ederal a%eﬁcy cohcerhed_ﬁith water p@llu- o
tion control is the National Water Protection Service. Its activities

&

are nationwide and conducted in cooperation with other agencies con-
cerned with water pollution control such as the local health commit-
tees which concern themselves with the public health aspects of water
pollution control. Applications for permits to discharge wastes to
streams in Sweden and conflicts concerning water use and water pollu- -
tion problems are heard and decided by water rights courts. The deci-
sions of the water rights courts can be appealed to a superior water
rights court and, if necessary and permission is granted, to the Supreme
Court of Sweden. As can be seen, Sweden places a great deal of em-
phasis on the judicial aspects of water pollution control practice.”

PERMIT. SYSTEMS

As is the case in most of the United States, some procedure for ob-
taining permits prior to discharge of wastes to streams exists in all
European countries. These procedures are usually safeguarded by
provisions for hearings in case of adverse proceedings. In some cases,
hearings are always held prior to the issuance of a permit. In nearly
all cases, interested parties are advised by public notice prior to the
hearing. - o ' i e B .

It is interesting to note that the laws of many countries provide -
for time limits for granting permits. In England, for example, if
a permit is not granted within 6 months, the permit (consent) 1s con-
sidered as granted free of restrictive clauses. In Poland, permits
must be issued within 2 months from the date of the application. If
the permit has not been issued, the officials- involved must notify
higher authorities requesting additional time and stating the reasons
for the delay. Officials who cause the delay are subject to disciplinary
action. In the United States, some State laws specify time limits for
dealing with applications for permits. If no time is set and there
is undue delay, applicants have, of course, the right to apply to the
appropriate courts. In Yugoslavia, aceording to Federal Administra-
tive Procedure Act, failure to issue a permit within 2 months means
that the application has been rejected.** i R =

In some countries, such as Germany, Poland, and Yugoslavia, per- -
mits for any change in industrial process are required and the question
of pollution by industrial waste is considered prior to the issuance of
such permits. ' ' . e Tl RN

Most European laws, as is the case in the United States, provide
for revisions or modifications or even revocation of permits. In the
case of Germany and Poland, compensation can be provided for eco-
nomic losses incurred by modification or revocation of permits.
Similarly, many national laws provide for damages to be paid by pol-

luters to water users. For example, in Sweden if the discharge of
industrial waste water in an area has an adverse affect on fishing,
the owner of the plant may be required to pay an annual amount in
~ the form of damages to be used for “the promotion of fishing in
Sweden.” 2 In Poland, apart from any penalties and criminal sanc-
~ tions, the water economy section can impose a special water contamina-

24 Litwin, op. cit

2 Dyrssen, Gosten; in Ig,nwim op. cit., pp. 137-145.
., D. 49,
% Dyrssen, Gosten, op. cit., p. 1388. ’
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tion fine, which is chargeable to the enter%)rises‘ funds and can be re-
lated to the degree of pollution, particularly if there has been an
arbitrary change in. the manufacturing process. An enterprise to
which a fine has been imposed must trace the person who caused the
pollution and have recourse to law to recover the amount.?®
- The French law provides for a wide range of means to compel in-
dustrial plants to comply with pollution requirements. The Prefect, a
top local government official can order the work done at the manu-
facturer’s expense or else issue an order suspending the operation of
the enterprise and, in that case, “compel the offender to pay his staff
during the period of suspension.” Naturally, the manufacturer has
a right to appeal to the French administrative court ‘system.?” -

SUMMARY

Any study of the dynamics of pollution control legislation and
administration throughout industrialized Europe points to certain
-general conclusions. ‘ ‘

First, there appears to be in Europe, a general movement toward
decentralized river basin management of water pollution control and
- waste treatment. Second, increased pollution of streams in the indus-
trial sectors of most countries has had an adverse effect on many of
“the uses of rivers, particularly recreational uses. As a result, conser-
- vationists, fishermen, and professionals have put considerable pressure
on parliaments and governments with the help of an interested press.
This has caused stronger laws to be considered or passed in most
European countries, just as has been true for the United States. Per-
mit and classification systems are used in Europe as well as in the
United States. , , : : :

In general, water pollution problems in Europe have increased as
has been the case in the United States. The public response in terms
of stronger laws is comparable to that in the United States.: Signifi- -
cant differences exist in the form of organization of national pollution
control efforts. In many countries the trend is toward decentralized
water quality management on a drainage basin basis.
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STATBMENT SUEMITTED TO THE SUBCOMMITIEE ON SciencE, RESEARCH,
AND DEVELOPMENT, BY PHILLIP SPORN, AMERICAN Burorric PowER
Co., INc., August 25, 1966 ' '

OBSERVATIONS ON THE ADEQUACY OF Avarapie TECHNOLOGY - FOR. '

- PoLLuTIoN ABATEMENT WITH PARTICULAR REFERENCE TO SULFUR
Proxips R S ] ‘

. The subject_of the inquiry ; namely, the adequacy of our tech-
nology for pollution' abatement, raises not only a highly important
question for our society, but is, I think, particularly timely 1n view
of the current deepening concern with the cumulative effect of in-

dustrial and biological wastes on our environment, ‘While many of

the situations that trouble this generation had their origins in the
industrial revolution, it has remained for those oriented toward space,
to apply fully the protective technologies to the indispensable bases
of human life on our planet—air, soil, and water.. In part, this stems
from our new sense of .affluence and 1n part from an uncritical view
that fails to distinguish between the technically possible and .economi-
cally obtainable. ' :

In the hearings of last January, I pointed out that, particularly

for SO, and other gases in stack efiluents resulting from the burning -

of hydrocarbon fuels, the only satisfactory disposal known is the °

discharge at an elevated point. with resultant diffusion in the upper

air.. I stated that the ability of a stack or stack system of practical .

height to lower SO concentration at ground level to a value of 0.5

parts per million, even for powerplant complexes up to 5,000 mega-

. watts, has been clearly established. I also called attention to the fact
that much lower levels of SO concentration have been postulated
in codes and regulations, without any technical or physiological basis

for such lower levels, and certainly without any emonstration that

“such lower levels were at all needed. . : o ‘

The tall stack, which is available as a perfectly solid piece of tech-
nology- to take care of a pressing problem, bas been neglected by
some planners of facilities which could become sources of disturbing
pollution. Far more distressing has been the reaction of many people
concerned with creating and enforcing standards for clean air who
for some strange reason have almost totally disregarded or discounted
this proven technology. Tnstead of- critically examining the incon-
trovertible facts with regard to the performance of high stacks, we
find that various paper studies are produced and inserted in the litera-
ture in a fashion that exempts them from the eriticism of other work-
ers in the field to which scientific papers are normally subject. Later,
these exempt statements are quoted overseas and elsewhere as proof
that high stacks are ineffective. Along with this ostrichlike stance of
officials, we have repetition ad nauseam of the bad experience of
many years ago at Donora or the bad effects with washed, moistened,
and chilled effluents at Bankside and Battersea coupled with massiv

: 88l
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~low level emissions from household heating equipment in the much

publicized tragic experience of London in 1952. :
Since, in my discussion of J anuary of this year, I did not offer any

- extensive proof of my statement, I would like to offer for the record

the experience with high stacks in . two companies with which I

_have been intimately associated, in one—the American Electric Power

; ,'S%rstemwver the past 40 years, and in the Qhio Valley Electric Corp., .
g which I have been the chief executive officer since its founding in

. The entire development of this technology is set forth in a paper

that a colleague of mine, T. T, Frankenberg, and I prepared for sub-

mission at the International Clean Air Congress to be held in London

this coming October 4-7. *This will in due course be printed in full.

I offer it for the record here in the highly condensed version (see p.

384 v ! ,

. No reading and study of this record, it seems to me, can fail to
result in anything but agreement that high stacks offer a highly ac-
- ceplable, effective, and ‘so far the only available pragmaticsolution
to the problem of disposing of SO,. Efforts to remove sulfur from
. fuel before burning it have so far come to naught:  Numerous studies
- seeking to remove SOz from the flue gas have arrived at estimated
costs which make the process totally unacceptable even before the
operating problems have been evaluated by actual construction and
operation. , o S '
. In making the above categorical statement, I do not want to be
- ¢harged with the belief that high stacks are a permanent solution
to this problem, good for all time into the future. Very few tech:

- ‘nological solutions have any such permanency and this is'no excep- - -

tion.  But it is certainly a solution that is good for some decades to

- .come. _Still, since decades have a way of rolling around, there is".
“need for continuing eareful studies to f{nd other solutions which can
be developed to practical application.” ‘Economic _application might -
perhaps take anything from a decade to two'or three decades. -

In this connection, there is certainly also need for very careful
studies before and after the installation of every major powerplant
utilizing the technological device of high stacks in order to obtain a
more extensive evaluation of the mechanism of diffusion. Such
studies ‘will without doubt provide the students of the problém, and
the designers of pragmatic technological devices for coping with them, .

. with a degree of confidence in‘evaluating this mechanism and varia- -

tions of this mechanism for dispersal of SOz so that we con continue to

" improve the effectiveness of the solution in the years to come without -

- playing havoc with the country’s economy. * R v
In-addition to the studies of high stacks by the Tennessee Valley
Authority, alluded to in my J. anuary presentation, further attestation
to the abatement possible by this means has recently come to my at-
tention. In the July 1966 issue of the Journal of the Institute of
Fuel (vol. XXXIX, No. 306, pp. 294-307), A. Martin and F. R.
Barber of the Central Electricity (B:enerating i%oard, Midland Region,
Nottingham, England, report “Investigations of Sulfur Dioxide Pol- -
 lution Around & Modern Power Station.” The High Marnham Power
Station, situated in a relatively flat area, has a maximum output of -
1,000 megawatts and two stacks, each 450 feet high. - I should like

“to quote briefly from the abstract of the paper:
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© -Sixteen :éulpahm‘ dioxide recorders have been sited ‘around a modern 1,000 MW -

power station situated in a rural area. The recorder: layout was in the form of
a ring; the radius of whick was the distance of calculated maximum ground-level
pollution. The results from their operation during the period -October, 1963, to
" September, 1964, are reported. . On a long-term basis the overall average effect
of the power station on the concentration of sulphur dioxide as measured at -
these sites was small (0.1 to 0.2 p.p.hm.) compared with that already to be
found in the area (3 to 5 p.p.ham:). Most of the pollution appeared to come from
distant cities and industrial areas: The most persistent-effect from the power
station, amounting on.average to only 0.6 p.p.h.m., was to the north-east of the
station and is thought to be due.to the combined effects of wind frequency and
strength in that direction. iShort-term (3 min) power station contributions were
‘often detectable, but under the digpersing effect of the wind, were not usually
persistent at any one site. There was no significant pollution from the power
station in Stable atmospherié conditions, with or without fogs. 0 L
‘This is an example of the ‘careful work that should be dbne,thlx o
mcreasing frequency when new plants are planned ,and pul} into service..
Again I would point to the record that there was no significant pollu-
tion from the plant during stable (i.. inversion) atmospherlc‘condl-
tions, conditions which would however, create a great deal of difficulty
for low-level emissions. : e T
High stacks are an excellent tool when they can be designed into the
lant, or even.if a substantial fraction of the life of an existing plant
is still ahead of it. But what can be done for plants fast approaching
the end of their useful lives? Here research is badly needed and some -
at least is underway. This has taken the form of investigating lime-
stone or other alkaline additives to react with the SO, and SO; present

in the stack. The following groups have been active: ' N
‘ * (a) Paper study of reactive rate of limestone and sulfur dioxide
beine done at Battelle for U.S. Public Health Service. - S
o (b%h Study of limestone characteristics by Bituminous Coal Re-
search. Ceriolen b e T e T
' (¢) In American Electric Power Service Corp., a modest re-
gearch program jointly with’ Arthur D. Little, Inc., has just been
initiated. This will cover a small section of the problem that ap-
~pears particularly susceptible to direct attack at this time.
Tt is not expected that additives would be used full time, but as a
" means of operating through adverse meteorological conditions.
Possibly the most significant research program of all, since it seeks
to correct our basic ignorance on the long-term, low-level effects of -
S0,, is that announced since January 1966 by the Electric Research
Council. In this work to be done by the Hazleton Laboratories, Inc.,
under contract with the council, 18-month exposures of guinea pigs
and primates to SO, levels comparable to those found in cities and
industrial areas will be conducted. Heretofore, most experimenta-
tion has been at concentrations seldom, if ever, reached even in acute
air pollution disasters such as London in 1952. In order to explore
the possible synergistic effects of fly ash and SO, mist, a number ‘of
parallel exposures will be made using these materials in conjunction
With SOz. : ' : s : .
This statement has been somewhat longer than I first contemplated.
However, the subject is one of critical importance to the power indus-
try and is indeed an area in which it is altogether too easy to lose sight
of the industry’s long history of constructive activity to abate air
pollution. For example, the reduction in plant heat rate from an
average 22,600 British thermal units per net kilowatt-hour in 1927
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to 10,493 in 1962 represents a major reduction in the potential air
pollution from this source, since onjly 46 percent as much fuel is being
used per unit of output as was the case 35 years earlier. Further,
electrostatic precipitators were commonly employed to clean flue gases
XI the power industry a generation before the passage of the Clear Air
Act of 1963. : .

PIONEERING Exrmmncm WI’I_"H -HIdH STAG.KS_-“:ON THE OVEC AND AMERI,GAR :

‘ELECTRIO POWER SYSTEMS ‘
(By Philip Sporn* and T, T. Frankenberg®)
) 1. INTRODUCTION

. In October 1952, the Ohio Valley Electric Corpordtion (OVEC) undertook the
building of two very large plants to serve a new gaseous diffusion plant of the
United States Atomic Energy Commission. These plants would be located on
the Ohio River, one in southeastern Ohio and the other near Madison, Indiana
(1%). The net capacities were -originally estimated to be 1,000,000 kw for the
Ohio location and 1,200,000 kw at the Indiana site. A% that time the ten largest
thermal-elect‘ric‘plants in the United States had an’ average size of less than
600 mw. Both new plants represented difficult assignments from the standpoint
of controlling air pollution. Due to the economic availability of coal ‘of ‘rather
low quality.the plants might burn fuel containing as much ag 4 percent sulfur,
and would discharge at least twice the amount of sulfur dioxide as any previous
plant. ~Further, their locationsg in predominantly rural areas insured that any
inadequacies in' the disposal:of the flue gases would be glaringly apparent.
‘Therefore every effort wag made to design the plants so that they would have
a negligible effect on the ground level concentration of sulfur dioxide after
reaching full load operation.

2. PLANNING

Arrangements were made to conduct wind tunnel studies of the site at Madison,
Indiana, subsequently named Clifty Creek, since preliminary evaluation of this
- Iocation indicated that from the aerodynamic standpoint it woyld present unusual
difficulties.” In' the prevailing ‘downwind’ direction' from the ‘plant, ‘the flood
plain is very short followed by an. abrupt escarpment-like rise of the terrain to

a plateau approximatély 350 feet above the: plant ‘grade.  Situated on. this high : -

plateau, at its closest appreach to the plant, there is a very popular state park
with an inn directly overlooking the plant site. On the same plateau, slightly
further removed from the site, there is the Southeastern Indiana State Hospital
for mental patients. It was deemed absolutely imperative that the highly con-
centrated stack plume should not descend on either of these very sensitive areas
of habitation under any foreseeable circumstances. The wind tunnel work
included the terrain shown in areas A and B of Figure 1, which lay in. the most
critical direction of the plant. ) .

It was found that if the stack plume intersected the turbulent flow along the
sharp rise to the plateau; it would immediately be brought to the ground around
the inn. If the stack height was chosen so that the plume could be kept above
this boundary layer, then a definite .1ift of the plume occurred, as shown in
Figure 2.. This lift varied between 50 and 150 feet:and was so obvioys in the
wind tunnel that an allowance of ‘50 feet was made for the “ski Jump” effect when
selecting the stack heights. ‘

8. THEORETICAL DIFFUSION OALGULATIONS

(Gas diffusion calculations were carried out to determine the ground level con-
centrations of SO; at distances well beyond those that could be modeled in the
wind tunnel. ' The Bosanquet, Carey and Halton equation (2) was used to cal-
culate a stack gas rise and thus determine the effective stack height. With this
calculated, the Sutton equation (3) was used to determine groundlevel concen-
tration but with somewhat less conservative parameters (4). i X

1 President, Ohio Valley Electric Corporation.

. 2 Consulting Mechanical Engineer, American Hlectric Power Service Corporation,
8 Numbers In parenthesis refer to referernces at the end of paper. = .

T
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SKI JUMP
EFFECT”

504150’

méH— A BOUNDARY L_AYEF:Z

—

CLIFTY

SITUATION. TO BE AVOIDED|- -
INTERSECTION OF PLUME
AND BOUNDARY LAYER

Boundary Layer Effect ana Addea Rise
Over the Hill

- FIGURE 2

Irving A Smger and Maynard E. Smith, Air Pollutwn and Meteorological Con-
sultants, made almost all of the defusmn calculations for the stacks. . These
calculations ‘were made using an exit gas velocity of 120 feet per second based
on the wind tunnel results. .

It was necessary to make someé choice of the limiting value of 80 that would
* be acceptable at ground level. ' A value of 0.5 parts per million for a one hour

period was chosen-as being one fourth of the odor threshold; and low enough to
keep instantaneous peak below 2-3 ppm. . Only strong wind conditions would.
produce values in excess of 0.5 ppm S0, and such winds occur during a very small
percentage of the total hours in the year. Thus, it can be seen that with regard
"to'an entire year and to the whole terrain around the plant, the actual long-term
- factor of safety was very much greater than four.

After careful consideration of all the data. and with considerable colcern for
poswible  adverse .conditions ‘during the breakup of- the nocturnal inversion, a

stack height of 683 feet was chosen.

4. KYGER* CREEK STACKS

Havmg detetmmed the stack hexghts for Qlifty Creek on the basis of’ all the
factors considered’ prevmusly, it -became an- easier matter to’select a proper
height for those at the smaller Kyger Creek Plant.. No aerodynamic considera-
tions were present and since diffusion studies indicated that a height of 535 feet
would provide acceptable conditions both in“the valley and on. the hills, this was

the height chosen.:
5. VERIFIOATION OF CHOICE

Basic to the pioneering work on these two large plants was the decision to make
the necessary effort to verify the design by testing for both SO; and dustfall prior
to operation and for a substantial period after commissioning. Dustfall studies
were discontinued three years after full load was reached when it became abund-
antly clear that the plants had had no significant effect on this variable.

Three Thomas Autometers were installed near each plant .to obtain a ‘contin-
* uous record of sulfur dioxide at or close to ground level. “One.was located in the

. valley, Station A, while Stations B and C were on the plateau, - A careful review
“of the sulfur dioxide records made late in 1959, after approximately four years
of operation of both OVEC plants, showed no hourly ‘mean. concentrations above
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1 ppin of sulfur dioxide for either plant. It was agreed:that concentrations:
slightly: above that level may ‘oceur infrequently on the plateau north of Clifty
Creek Plant, with an ‘occasional peak value just reaching the odor threshold.
In general it was found that the original calculation of concentrations at both
plants had given somewhat higher values than were actually experienced.

The most gratifying finding was that the meteorological condition which was
expected to give rise to a severe problem, namely the breakup of nighttime inver-
sions, with calculated concentrations of 5 to 10 ppm, failéd completely to follow
the mathematical model, This model, which did not involve the Sutton equa-
tion, was based on the idéa that the gas would all'be confined to a narrow wedge

.of quite limited height below the inversion. - Although thére was a tendency for -
the recorded ground level concentrations of sulfur-dioxide to occur during the
mid-morning hours, there was not a single case of the very high concentrations

i typical of fumigations. = The results séem’to indicate that’the mote restrictive’

ideas concerning the maximum size of thermal plants based on purely theoretical

. fumigation calculations (5) should be reviewed and considerably modified toward

. permitting larger aggregation of power generation equipment at a given site:

- It was found that recording of any sulfur dioxide Wwag an-unusual event, aver-

aging only 1.89, of the daylight hours, with a maximum at the valley station of

8.0%. - Night hours showed SO: present only -an-average of '0.8% of the timie.

When sulfur dioxide was present. it averaged only 0.10 ppm with- short-term

peaks at some stations reaching 0.40 ppm. Thé records clearly establish the
fact that these tall stacks eliminate ground level coneentrations during inversions.

- Only ‘a small proportion of the. observed concentrations oceurred at night when

the inversions were normally present, “When concentrations did éccur at night,
it ‘was generally apparent from fhe winds, temperatures, or observations by the. -

* plant personnel that no'invérsion was present. Thus, the inversion which is so

often described as a “lid” holding down noxious gases, actually becomes a shield
preventing the return of stack gases if they are first emitted at a height, velocity
and a temperature which are reasonable and appropriate. L RS

6. CARDINAL s'rAcks .

 The design of the stacks for Cardinal Plant which will have a total gener-
ation oh one site of approximately 2100-2300 mw represents, in many ways, the
- culmination of all of the information; design anéd operating experience obtained
.. since: the building of Clifty and Kyger Plants. The similarity of this terrain
- to that at Clifty is shown ¢i Figure 8. Here again, the plant iz upwind of a
substantial plateau but this plateau is broken by major and minor streams.in-a,
“highly irregular fashion. - S : TR v o
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After considering all factors, a stack height of 825 feet above grade was
selected. This was based on many considerations, among which were the
following : .

(a) It was decided. that this height represented the maximum  reagonable
limit. to which the existing technology of stack  construction could be reliably
extrapolated. o Lo o N SRS FICRLNRE LR

- (b) The- combining of the flue gases from two or more units: into a . single
stack would be beneficial from an. air pollution viewpoint and was: eontemplated.
However, the experience with- stack -repairs. at Clifty Creek .argued: against
such a choice. ~Ag it is, a single unit per stack represents approximately a.50.
per cent extrapolation-in capacity beyond the. Clifty. Creek stacks. s

Also since regulations covering SO. emisgions may. be instituted under the
Clean Air Act of 1963, it is possible that the third unit might have to have
a higher stack than was selected at this time. o

(o) Since only two units of the total plant development were to be built at
this time, it seemed certain that there would be a périod of not less than five
years operation. of these units before decisions were required: concerning the
third stack. This period of operation and ebservation would permit an exact
evaluation of the plant’s effect upon-the SO. coneentrations in the surrounding
countryside. - ‘ : e e o

7. SUMMARY—HIGH STACKS

‘It has become apparent that high stacks offér the only presently available
pragmatic solution to the problem of disposing of S0.. Efforts.to remove sulfur
from the fuel before burning it have, so far, come to naught. Numerous, studies
seeking to remove SO, from the flue gas have arrived at estimated costs which
make the process completely unacceptable even before the operating problems
have been evaluated by actual construction and operation. .

. It is possible that high stacks can be accepted only as an interim solution
to this problem. There is need for careful studies before and after the installa-
tion of every major power plant having high stacks in order to obtain a more
extensive evaluation of the diffusion equations. This might be done along the
lines. that have been started by the Tennessee Valley. Authority (6): -Such
studies might provide the designer with a degree of confidence in evaluating the.
disposal of SO, that; he does not possessat the present time. E Cas
8. THE COMING ERA OF 2500—-4000 MW PLANTS AND S0; PROBLEMS- -
8.1. The general solution -~ : i . .
.. The era of 2500 mw—-4000 mw steam electric plant is not a'fact that needs to -
be anticipated—it is here. Mention has been made of Cardinal. Recently, an-
nouncement was made of a new generating station to be located on the American
Hlectric Power System in West Virginia with an initial installation of two
800 mw units and with a third unit to be installed sometime after 1971, The
most likely- size of this third unit will be 1050: mw. Thus, for coal burning
plants, we are confronted with the need to critically examine the problem that
a plant designer will -be called upon to solve—to harmlessly dispose of 1250
tons of sulfur per day or 100 tons per hour when converted into oxides of sulfur,
mainly 80, , - o - :
.. The authors believe that this offers no occasion for fear or dismay. The high
stack. ‘properly designed can, without question, take care of every require-
ment—ecological, economie, and esthetic.. A number of special areas iniconnec-
%ﬁn Witj:fhuthe adoption of this solution warrant further, if only brief, discussion.
ese follow: .

8.2. The multi-compartmented, integrated 3taclo )

Such stacks have many advantages from the standpoint of obtaining the
§naximum rise of the hot gas, the increase in the plume’s ability to pierce
inversiong and the maintenance of reasonable exit velocity when one or more
units is shut down. Offsetting these advantages, are the costs associated with
the. poor utilization of the stack’s cross section, the cost-of” horizontal duct
work required to reach.a stack of this type and finally, the question of ability to
work on .and around an’idle liner-while the othér two or three are in use. It
appears likely that several years may elapse before stacks of this general type
are built in the United States. - - : .
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8.3. The problem of height, material construction and maintenanoe . R
In applying very high stacks, a considerable problem with the aeronautical au-
thorities must be faced. This is;gomewhat mitigated by the fact that it is already
recognized that perhaps in level terrain, heights beyond 800 or 900 feet do not
significantly improve the ground level concentrations. However, in hilly country
.. such as the terrain in which the plants described are located, it is conceivable
| that staicks as aatch as 1200.or 1500 feet in height may-ultimdtely be required.;
- Stack design has undergone more rapid-change in the past ten or twelve years.

“than at any time since the power industry’s beginning,  New materials -have - o

been tried, different construction techniques’ utilized, and new problents have "
been taced. - I ey e T L
Ourrently, the stack design consisting’ of a reinforced c nerete shell with a
low-alloy; corrosion resistant steel (such -as-Corten)  liner, appears:tosbe ‘ades
quate after approximately six years’-service. Obviously,. it would be désirable’
to have double or triple this amount of experience before concluding that it has
completely solved the problem. L . E :

8.4, The monitoring and building up of techmological history - .= e e
“The fortunate development of the high stack as a solution to the sulfar: :
dioxide problem presented by large. coal burning- plants was§ carried out on: the
basig of very meager experience.  But for _the future it is'most friportant that
“this deficiency ‘be remedied. - The authors nost ‘earnestly recommend, therefore;
_ag new high stacks are designed and constructed, that, an effort be made to obtain’
data on the ground level concentrations of 80, for € giye periods before.
‘after-operation, - Needless to ‘say',fadequa',te"meteorolégicai‘ information for-

evaluation of these results should-be obtained éither “from othet’ sources orby. -

special instrumentation:at the -gite. ey i B

Every generation’s -engineers have been the heirs to.the ingenious- .work,
records, and.experience compiled by and transmitted to. them by ‘their profes-.
gional forebears, Air pollution represents an area in which ‘today’s engineers ' .
must in'tirn develop such necessary data and make it ‘avallablé/to the genera-
- tions that will follow. : ) AT v A
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- anp Devetorseivr BY Eann i) Wirsow, Ixpusrriar Gas:Creanng
. OO e ECRRILANS B RE IR I S

lent of the Industrial Gas Cleaning Institute, I aftended

our committee hearing:on Thursday, . uly 21, and again. with mem-

-~ bersof: our' IGCT Government  Relations ‘Committee on Tuesday,
- Atigst 9, 1966, We want you to know thit we are very favorably im- -
- pressed with the work your subcommittee is doing and the knowledge
nd nnderstanding of the committes mieitibers. "oonfildent' that
L &, '

- betber and mors praotical appre
‘mllren 18 pragtical app

sult from youreffosts, . ... 0 U e
t us first:acquaintiyou with the Industrial Gas Cleaning Institute;
The IGCT i & national association of manufacturers of gas cléaning
equipment, W gre concerned with the collection of particulats matter
- and.as-an institute are not. presently involved with, the conirol of
- gaseous emission. The IGCI encompasses all four types of air pollus:
- oy gontrol devidés (particulate collestors) : Electrostatic precipita-
‘hanical collectors, bag fltess, wet scrubbers. 'We roprévent,
jerimanufacturers and an. estimated 80.to 85 pencent of

e of industrial dust collecting equipment sold it the: S

iWe are in camplete agreement with many of the statements made by
the witnesses @ pearing before: your committee and: in the report of
: Mo ggeniont Advisory Panel, nd wonic Hie 0 oommmmenn

= brigﬂy;,on,wha,g w Jegl are some of the more pertinent staternents.
Page 3 of your report states: “Policies which aid the efficient and;
time‘ly;d%loymenw 'private sector scientists and engineers are desii-

We beliove that syi yndustry. has the needed skills and fael
- We believe that sucirskill

: o ills-and knowledge: are available within: t] 8t
cleanin equipment industry. :Many of th ege'coricerns have been work-
113 ih~ i,s'aigéva‘feifso‘s’o\rw’years. M ‘j',"‘ii?&‘i :',' oL e _"_1‘:;& Vi ‘h.-»;( 14 . gi »
Ve agree with the statement onpage 11 of the report that “What thes" -
- Nattonmeeds isnot:the revenue from penalty fines. imposed on pollut-;
ers; rather, the need is for reduction in the volume of pollutants dis-
- charged to the environment.” Industry needs help andp incentive, not.
penalties. This is particularly true of the marginal operators who
could be forced out of business by the cost of control juipment. This
“'may sound contradictor{) comihg from people whose business it is to
but it is extremely important and should be

~sell control equipment,
-carefully considered. - _ R , ‘ :

- Dr. Beuche said, in his most commendable statement, that the
“job * * * will-be completed most rapidly if attacked on a competi-
tive basis.” 'We firmly believe in this philosophy and were extreme?‘

gratified to note the committee’s: awareness of, and attitude toward,

the value of profit as an incentive. The outstanding example of the

value of the profit motive is the problem of SO, which was r{n_’entioned

, 890 - o ) ) X PR 5 I ERLE I .
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so often throughout the hearin%s; _As you know, there is no eco-
nomical means of removing SO, from effluent gases, Why ¢ Because
until the past year or so there were.no-controls covering the emission
of SO,. 'Ks a Tesult, there was no market. People in business do not
 spend any significant amount of money on research of nolimarketable
products. Even today, there are controls in only three or four small
areas of the country and these regulations are met by burning lower .
sulphur and higher cost fuels,” The controls riust come first, but there
rnust also be time to perrit industry to develop ‘an eco 1cally fea-
© gible'solution, e P e R L e
'On the question of who'is to do what research, ‘the an wer was
- dlearly and suceinctly stated by Dr. Bueche when he divided research
into two categories:. o S
. '1. Research that will produce information useful for establish-
‘ing standards, determining necessary regulations, enacting appro-

’ Yipriate laws and suggesting methods; and =~ © T 0 T
479 Research that will }if'oduce information useful in developing
" hardware and systems that ean be manufactured dnd sold.” . .
"'No. 1 is strictly within the realm of the Governnien d N6, 2 that
of industry. Also, dué to the urgency of the problen, there should
be some governmental support of ’P'riira,té.réséarch, L e
“During Dr. Bishop’s testimony, Mr, Daddario, you raised the gaes-
tion of how thé'ﬁl:eel industry selects’a collectdr to do a'certain job

and Wh{'there isn’t an industry standard for &'givén application. Tt .
is' regretable that there wasn’t ample time for 'Dr. Bishop to give'a

more complets sid ‘definitive answer becatise;at this point, we felt that
there was a lack of rapport between the witness and the members of
the committee. In areas such as this, we feel that our institute could
lend the committee valuable assistance.  In this letter, we cannot go
into all of the details involved relative to your steel industry question;
but, because two or three types of equipment will do the jx(% required,
many things must be considered in selecting the equipment to be used,
such as— :
1. First cost versus operating and maintenancecosts.
2. Awvailable space. '
8. Availability of water. ‘
.~ 4. Power consumption. o
5. Disposal of waste product, wet or dry. o
In Mr. Arthur C. Stern’s testimony on July 21, there is, perhaps, an
implication that industry, and in particular the air pollution control -
industry, is not making an adequate effort in research. - We would like
to clarify this situation in regard to the gas cleaning industry. Be-

" cause there is little or no control of gaseous emissions to date, and: -
our members account for 80-85 percent of the particulate collectors:
sold, we essentially are the air pollution control industry as it is
-presently constituted. ~ : .

Contrary to popular belief, ours is not a large industry. The total
annual domestic sales of the members of the IGCI (no auxiliary
equipment or installation costs included) for the past'5 yearsare:-
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1 Total sales

Yeéar: : i L ‘ E f: (orders)
1065 s Claiialil ‘ AlLELalE $53, 069, 033
L NS N NP ~ cooio 4B, T42, 415
L1963 iomi : i . 81,831,689
L1962, L Ll - i 32, 402, 895
1961 : T o . 20,152,806

Since most. of the companies in this industry were operating at close
to the break-even point for 10 years up until 1964, it is clear that there
was little money available for reésearch. We do not know whether
or not these figures surprise you; but, if not, you are one of the knowl-

: edgeable few who are aware that the industrial air pollution control -
industry is not the.vast, rapidly expanding industry it is so often
pictured to be. : RO e
. Mr. Stern also stated that, “in the area of particulate control, device
development has been confounded by the lack of uniform criteria. for:
data evaluation and equipment performance.” Mr. Stern is quite
correct in this statement and this is precisely why the IGCI undertook
_ the establishment of standards immediately after its founding in 1960.
- For your information, we are enclosing copies of the stan%‘ards‘ we'
have completed to date. . This, of course, is a continuing task and more
such standards will be published shortly, - '
; Again, your committee is doing an outstanding pob and we offer our
~ services and cooperation. Since we were not asked to testify, we have
taken the liberty of submitting some of our thoughts in this letter.
We would be happy to meet with you'and your committee if you so
- desire or try to answer, by letter, any questions you might have,




| SpATEMENT SUBMITTED TO THE SUBCOMMITTEE ON- SoreNoE, RESEARCH,
inp DuviropyeNT BY ConcressMAN Dox Epwaros, oF CALIFORNIA,
SepTEMBER 6, 1966 : e e

Mr. Chairman, as & Representative from a State which has its own
serious and well-known problems of pollution of our environment,
T am very pleased to be able to present this statement to your com-
. mittee as you inquire into the adequacy of our technology for con-

troliing pollution. Sl ‘ S e '

The deleterious effects of pollution for plant and animal life, for
“human health and comfort, for-our economy and our recreational life,
" are reachinga critical stage. Anunfortunate byproduct of the growth
" and development of America as an urban, industrial nation has been
the pouring into our waters, air, and land, the waste of our produce..

As we have taken out and used-the resources of the earth, we have

aid little if any attention to the quality of what we put back.  We

ave reached a point where if we do not take forceful comprehensive

steps to clean up our own filth and to place effective controls on the
source of pollutants, we shall indeed stifle life onearth.. . - -
We are essentially a user society, as opposed to d consumer society. -

While the streamflow and the amount of air remain constant, the

degree of pollution is ever greater with the increased production and

consumption of goods, the increased number of cars, the inéreased
demands for heat and electric power and the urbanization and concen-
tration of people. v S : ;

The Federal Government has an undeniable and essential role in
reversing this deadly trend. I. strongly support the legislation
now before the Congress to amend and expand last winter’s Water -

Quality Act and Clean Air Act and I will sug ort strengthening of.

these bills. We must recognize that this pro Fem is not limited by
. State lines. Air currents know no State boundaries: Nor do'stream- .

flows. The Federal Government, with its vaster resources, can finan--
cially assist local governments in construction and operation of treat-
ment plants and other facilities.. And itcan offer incentives to munici-
palities and industries to take requisite -action. . Nationally coordi-
nated research can avoid duplication and wasted money. Finally, I
recommend strengthening the enforcement powers of the Government -
-of the United States. I'm in:total agreement with the President’s - -
-~ recommendations in this regard, as he outlined them in-his message
tothe Congress in February of this year. o S S
Tt is imperative that the National Government take the lead in this

 field both because of its financial resources and its interstate character.

" But there is the additional and more crucial reason;that without this -
potential force, we will not even be able to come close to. ¢leaning-up -
our.environment.. Without the clearly defined national goals, force-
fully implemented, of unspoiled rivers and. pure air,'inﬁustriesiahd_
- municipalities and individuals will continue to ‘dump their refuse’'and

soot, into surroundings belonging to all Americans..

803
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How many small towns across the country have allowed their prime |
industry to continue to pollute the rivers'and the air for fear that |
attempts to regulate may stimulate the plant to move? How many
of these towns do not have sufficient funds to construct a modern,
efficient sewage treatment plant? TInstead of air,ﬁollution devices—
«or-safety features—the-automobile industry has offered an unending
-and amazing assortment of gimmicks—from blinding chrome to stereo

- phonographs—to catch the eye of the buying public.:’ S

These are the reasons why Federal actionis unavoidable if we

desire to achieve the goal the President hasoutlined. - - + i
. ‘Tt hasoften been'said that our technology is adequate to the problem, -
if'only it were applied.  Although this 1s not entirely accurate, there |
i miuch to this statement. For example, no' technical advances are
- needed for alleviating pollution from farm animal wastes, particulate
- ‘materials in the air and sewage efffuénits—only standards and regula-
tlons, controls and devices.  Pittsburgh’s battle against air pollution -
18 justly renowried. : By placing: controls on oot and restricting the
~use of high-sulfut fuels, pollution in that city waé reduced by 67 per-
"' Nonetheless, it ‘would:be’foolish ‘and shortsighted to 'say our tech-
nology is adequiite to our needs. - Development of feasible technology
has beenihindered by some important factors which 'we might ‘consider
at'this point. ° First; it has been shown ‘that thers is not sufficient com-
munication of the knowledge'we do have—particularly between the
ressarchy seientist ‘and’ the etigineer.’ More work is needed’in: both
basic and applied résearch but the work of the seiéntist and engineer
_ mustititeractdin orderitostimulate progress on bothends, ¢ i b
"“We eannet overlook the problems of cost arid market for developing
technology. « Without a requirement’ to do-so, without ‘s clear profit
incentive, industries and, municipalities have not pressed for improved
- equipment;‘this there has beén no ‘market' for 'such hardwaré, "*Con-
versely if these congidérations were reversed, T have' little doubt that. .
we''would see’'a competitive developuient 'of ‘new; effedtive; lotw-cost -
- equipmentfor pollution abatément, & - 0 SRR L T
LAt this lpoiiit; the mostiserious problemin iny houie State' 6f Cali-
Toritia is air ‘pollution. A consérvative ‘estimate is’ that, across ‘the .
“to erops, deterioration of buildings, ‘bridges, and
ngchines ‘runis over $11 billion a year: ' Esch ‘year thése pollutants
areteleased ifit6 the air: 65 million tons'of carbon monoxide, 28 million -
totis of sulfur oxides; 15 million tons of hiydrocarbons, 12 million tons
of otheér n . Thesépollutants may be transformed by a chemical
’Th%‘v&n’bﬂ%ﬁiﬁgﬁ%pciﬁyéfthelocalaréaéan y liafidle'so much and ™
- i’ Sofii ayea; the 'geokraphic dnd metsorblogicdl p as
inﬁrs‘i n, cause even greater difficulty.: ' 0 ¢ 7ttty
2 Mfieh wofk ‘reraing’ahéad of us'in h research and ‘techriology.
We nee | mofe research into the effects of longtinie exposure in ordér
“to estublish meanitigfil 'standards for control:’ . Our'knowledge of the
hip and ‘secoridary: effects ‘of variouis pollatants is not

i

7

“ouf thdst serious prolilems ate the automobile and
) Tneompléte combustion:in’ motor veliicles is a major
problem in every métropelitan wred i 6t Nation: 'The national

€3
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| wiijuiremment of ‘control mechanisms s a significant beginning. Tam -

i full accord with themots extensive recommendations of MryNotman .
L

‘Cousing, chairman of themayor’stask force on airpellution, New Y \

City, and'Td like to reiterate these poitits'as he'presefited; them to the

|Gomimnittee onPublic Works earlier thigiyeari " woote 1w o

- First; that-studies'should be made to: determine whethier the blowby
“and-afterburhier devices required wnder the Cléan Air Act might not

‘have the adverse side effect of emitting oxides of nittdgén, thus creat-

;iﬁ%afslubstaﬁtialnewproblem.‘ R R

econd; effective air pollutio

“all cars, regardless of age. -~ - e :

. ““Third; extensive réséarch should be aimed at the idea

tchemical additives for use'in all fuels which'now produce: polkutal :

. including fuels used in automobiles, buses, trucks, heating furndess, amd -
‘stéarn and power generating stations, o AT 0T LR S E

* With réspect to sulfur; oxide, a great deal of progreéss can bé miade

by tising low-salfur fusls while continuing to' work’on improving fur-

control devices shotld berequired fo

‘naces’ and ' developing inexpensive devices to'dateh’dust ‘and “gulfur
Frimes. Tn this whole field, T think it is extreriely itnpottant to ternent-
“ber: this](boint recently expressed by Senator Edmund'S. Muskie of
Maine: “Additional stady is needed, of ‘ourse; but/ this fakt is'too

- soften vised a8 an excusefor delwy.” 0 G o T

" The'rivers and streams 6f out Nation have for go long ‘&' tiifle 56 -
‘ag’ a-dumping ground for our waste' products that it l*régﬁ Sty
THHjor dommitment of miotiey and' talentto 0¥ & thehiarnd dond By -
enterprising but unthinking Ariericans. In’this diy and dge, even, -
‘gpproximately one‘fourth of our’ towns and’ cities are’ without

Jand of treatment facility for raw sewage., Over $40 billiori/isre

métely to‘eatch up to the nesds of the fiomént! In‘]&ﬁnpéﬁ oM

$600 Tmillion to be spent By local comimunitiés. and tl}re 150 1iil)

by the Federal ‘Goverhment are’ btﬁl(liy‘ inadédate,. The Souress'c
Wh;@;‘lﬁgﬂhﬁbgm manyarfl e ﬁ'd?”do »d' ) : I};dojihe;r
‘oxygéh demanding wastes, infections disease-prodycing dberits, plant
oAl i&iéludihg*ﬁééﬁi‘éi&e’s‘a%‘rfcl‘Hg”ﬁg&gégﬁé%fgaﬁﬁ-‘

nutrients, organic cheniica

“trial wastes, sediment and silt from land erosion, and heat {rom power .

and industrial plants. s o el
‘Intensified research and development is urgent to keep ahead of the
problem of waste treatment. ‘We need advanced means of treating
municipal and industrial wastes. Particularly, we might look into
the development of joint treatment systems such as is that shared by
the Potomac communities of Lake, Md.; Westernport, Md.; and Pied-
‘mont, W. Va.; and the West Virginia Pulp & Paper Co. L
New methods of solving the problems of cities which have combined -
“storm and sanitary sewers are sorely needed. - ‘Over oneé-third.of our
" Nation faces having their sewage flow untreated into. their streams
because of the overflow of the system during storms. =~~~
Another area of investigation for our scientists and engineers would. .
~be to develop alternative methods of waste disposal, instead of the
age-old one of unloading it into our rivers. Basic research will always
be in demand to determine the effect and fate of new chemicals dis-
covered and used in industry and on such complex problems as re-
cently cropped up in Riverside, Calif. when Salmonella typhimurivm

- was polluting that city’s well water supply.
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. Two-indispensable elements of a successful program in. combating’ F
. *water pollution -are money and enforcement power. Funds.are re-
~quired to support: both research and construction. The demand. for
treatment. plants -alone will .require $20 billion in the next 6 years.
The Federal share of this should be at least $1 billion annually and
- should constitute a contribution of 50 percent of the cost. Thepresent
- dollar limit for any- one city’s, project should be removed for-this is .
‘unrealistic and unfair to our large metropolitan areas. - . .. ...
- -Insofar as enforcement authority is concerned, I strongly support
-1y’ colleague, Representative John D. Dingell, who has done a. great
deal of work on tll)liszf in urging that the Secretary of the the Interior
+he_authotized to call a conference for mtrastate as well as interstate
- streams on his initiative without the requirement of' the Governor’s -
eomsent, et 0 o
" There is much to be done. Our technology is closely related to the
- climate we create. for its growth and to the goals the public sets for
its use. - Although there is no question but that the situation is urgent
~and requires immediate action, we can take heart from the tremendous
example set by West Germany.  With over one-half the West German
“industrial capagity. Jocated along the Ruhr: River; with that riverls
relatively small streamflow, we may be surprised: to learn that the -
. Ruhr is not polluted. Their method was one which we.might con- -
sider: industrial plants are charged a stiff fine proportionate to the
. amount of pollution each plant ,%Juts into-the river.” I feel sure that
. .with the wholehearted support.of the public and the Federal Govern-
., ment, we can do-as well, As President Johnson has said: “We see
_ that we can corrupt and destroy our Jands, our rivers, our forests, and
~ -the atmosphere itgelf—all in the name of Em%f'es‘s and necessity... Such
a course leads to a barren America, bereft of its beauty, and shorn of

its sustenance,. We see that there is another course—more expensive -

. today, more-demanding. Down this course lies a natural Ameriea:
- restored to her people,  The promise is.clear rivers, tall forests, and

clean air—a sane environment for man.” The responsibility and the

-opportunity lie before us totake this other course. = R




STATEMENT SUBMITTED 10 THE SUBGOMMﬁm oN SCIENCE, RESEARCH,
AND DEVELOPMENT, BY EvirETT P. PARTRIDGE, Cargon Core., SEp-
TEMBER 12, 1966 Ch ~ S

< In theflood of reports by committees and panels. a;nd) of state’gneniis

by organizations before congressional subcomimittees few engineers - .

with a substantial professional career in the management of water
. for industrial use have become involved. I now consider it unfortu-
nate that what such engineers say to each other is not more frequently
said in the public forum. The following statement may be considered
a personal expiation of my sins of omission. ,
As a chemical engineer immersed in research, development and en-
gineering consultation for 40 years, T offer first my convictions that:

1. 'We do not. face an immediate national crisis with respect to -

water. . :
~ 9. We donot lack adequate technology to meet the current ackual
' 'needs with respect to control of pollution of water, . e
778, We cannot expect to overcome the “crisis” by simply allocat- =
ing additional effort to research. , o ' SR
" Is there an immediate national crisis? I believe not. Yes, we must
work harder and harder to keep a relatively constant supply of water
in condition to be reused more and more times by more and more~peo¥le
" who desire to have more and more things manufactured by and for
them. But we do have adequate time to adjust the economy of the
Nation to progressively greater reuse of water. .. T T
The reasons we hear the screaming of “Crisis! - Crisis!” are multiple

and complexly interrelated. ‘Perhaps the most pervasive factor isthe .
‘¢onviction at the level of practical political mana, emient-that only by -~

erying “Wolf!” can we stimulate our society sufficiently to support
-even slow action., ‘ L o f . o

Do we lack adequate technology to face a crisis, if .one actually
existed? No, of course not.: Economics limits our action, not tech-
nology. Our society already has available effective technology to
meet the problems posed by pollution, but it is only just beginning to
face up to the cost and the readjustment of our nationdl economy to
 absorbit. Few citizens comprehend that they are individual taxpayers

‘and buyers of the products of industry must each contribute part of - -

their personal effort in the form of earnings to buy: for their use and
_ enjoyment the clean water they are bein encouraged to demand. =~

en we talk about new, advanced technology for control of pollu- -
tion what we really are hopeful of attaining 1s a minimized increase’
in the cost of doing what must, otherwise inevitably become the more -
and more burdensome job of keeping water reusable. . - . . .
Can we create the new technology to minimize the cost of keeping

water reusable? Perhaps. But we must consistently remember. that

. we are seeking economy of operation as well as improvement intech~ - - .

nical performance. =~ . - e ;

e
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Appropriating any number of millions or billions of dollars in the
ope of achieving a research goal does not in any way determine that
the goal actually is attainable. A case in point-is the saline water
program, which was created specifically with the expectation that it
would provide water sufficiently inexpensive-to be used for irrigation
-Afizour own:'‘country: - This'program’ new seems" destined tobecortie
_Primarily ‘an instrumient: of ‘aid to other douritries: so-mueki mbre in
need of water than the United States that they can pay ahigh cost for
1, '

.. A ‘corpordtion investsin §'ntitiber of tedsarch projects; eaeh selédted
With the'expectation that the benefit to the Shareliolders will be greater
thari the cost of the aprqj‘e’o,’t.‘ Wheri it assumes the functions 6f a socil
‘corporation, the Federal Governmeiit has the same basic respotisibility -
fo vest in projects which promise to prodice nore veal benefits than
'théir Teal costs. Néither the corpor: ’tifbifffor;)?ﬁxy*ﬁﬁq?norith‘é Govern- -
i Sabect evary research project to pay'of, bit the adequatylof
8 mdna v, be judged by 'the ratic of

t,il;x ‘management in each case will ultimiat
© - ‘those which dio'to those which do'not, [ ORI P
. For'human beings to ‘dérive réal benefits from scishtific earch, the
- results of this research must ultimately be applied by individuals who
~think ll‘iflfé"éng‘ineeifé. In. the dontrol ‘of pollution 'this. would mean
engineering application Gf séienée in tetms of large quantities of ma-
‘terial being proeessed 'with highefficiency in ‘equipment; that will con-
“tinue to function for long periods of time, producing a Tesult’ at, an

‘optimum ratio of value to cost. A current’ criticism of ‘éngm@e’ﬂ'ng
B ‘- : ‘»‘,f“"{"‘\'; Iy 8-

_ education is'that it has'been produci
jferr;iﬂ’ ‘the results of Scientific résea
‘nderii for effetent opera

° " What'are our redl needs i

o 'pl‘aﬁt's‘ ‘(fpr“hluﬁieipasl;Sewgfe and industrial wastes, effip
* Vexisting technology and ai "épt”ing"c‘onte’mpdi'é;ry['i‘m royements.
2. Evaluation and regulation at the level of Jocal, State, in

ate, and Federal agericies for control of otliti

Lrowo1 possible utility. ~* ' -°
g, Thenextmiost immediate Heed 18 o Bstat
. tive for industry to innovate ifiprove fenifs
- which'will éoinpeté for usd in confrol of pol
- matétest of the market. T o

.. Iiportant, biit still third ih'order of irnmedial
- ‘of'the search for new scientific'act port whiel
~able to, huild new 'tochnc oFy ‘W N fha
:a...l . i Ry RS T AT Y

i Scteicn J8the enidless frontidit> "B hnfilit s applied to thehond.
fit'of mai;'it"ylelds ohly intéllectiis] valués to thé fotw specinlists capd--
ble of comprehending its findings. ~ A wise governhient ‘will decord-
~ingly 'be as concerned with encouraging the application of science as
. it.is with the accumulation of new scientific information.




STATEMENT SUBMITTED 70 THE SUBCOMMITIES ON SCIENCE, RESEARCH,
" anp DuveropMeNT BY THE Atomic Fnprey CoMMISSION, SEPTEMBER
12, 1966+ ;i e b e b o e el e dpndee
o A - INTRODUCTION

The Atomic Energy Commission is ah"bpéifafti) -agency which also
has statutory-responsibility: for protecting the th@ﬂ.ﬁ?ﬁ'ﬁh& safety ofithe
]d:)ublic in nuclear energy. hctivities. But beyond this-legislative man-
date, the' Commission—and -its predecessor,  the Army’s Manhattan
‘Engineer District—recognized from the outset an essential responsibil-
ity for controlling potential-danger: to the public.: . Thus, from the
inception of the program, special steps were taken to protect against
all types of environmental pollution. - I N T I AR
.. The use bf nuélear energy to produce electric power isexpanding at -

& rapid rate. -~ Power reactors aressafe and reliable, they: enjoy:a:high
" degres of public dcceptance; and-the cost of nuelear:power has.dropped
sharply. i1l recent years with improved technology and with the con-

struction of largerunits, - oo et s e S

' Among the factors that affect a utility. decision between fossil fuel

andnuclear fuel generation arethe following: R
. Initial capitalcost. .. Ptk R L
. The eost of nuclear plants is generally higher than for equivalent

‘fossil-fuel plants. . However, this difference becomes less as the size of
the generating unit increases, - For example, recent bids received by
- slightly 1
Fiel ceosts: I T SRS IR B o
-+ Tri geographic areas where the deliversd:¢dst-of fossil fuel is rela-
tively high, nuclear fuel costs provide a sigrificant advantage. - Such
areas include most of the eastern seaboard States, the upper Midwest,
and California. Over ‘the past few years, as the cost of nuclear fuel
has steadily. decreased, areas.in:whic ,nuciesm.(powbr Appears econom-
 ically attractive have expanded. . , s B

- Opération’ anid maintenarice

nits ‘of 1,100,000 kilowatts each actually indicated a
cost, for the nuclear: units;than for a coal burning plant.

¢

B AN

** For niicledr plants'this item of cost, 1i] ital Costs, is sensitive to
nit’ size. Under, present- technology and safety Ié%@ﬁi‘efﬁéhté, the
staffing needs for smallei niiclear plants‘are donsiderably iif éxcess of
those %br‘gqm‘{raleht' fossil-fuel "%ﬂant’s‘. T ‘the Targe sizes, however, a
%ilclbar plaiit tay reqiiire & smaller staff than'a coal plant of compara-
losige) T e
- Therefore, in ¢omparative cost evaliiation of fossil firel and nuclear
power, ‘consideration must bé ‘given to such factors' as unit gize, vela:
‘osts, the anticipated e?xtenttowhlchiéhe plant will be opéi:
factor), the possibility of installing a mine- otth coal:

“plant ‘With long distance’ trarnismission,
advantage which might | gainéd by adding o foss

il fuel unit

Gmie
to an .
: 899 )
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existing fossil station. In general, at the present time, nuclear power
is not economically feasible in unit sizes under about 200,000 to- 300,--
000 kilowatts or when the generating unit is operated at a reduced -
plant factor. In the last 2 years, more and more utilities have chosen:
nuclear plants over fossil plants in the larger sizes. . BT

In -our discussion of the questidn;of“polﬁltiom we will ‘discuss two
broad areas—the ;i‘otential» ollution aspects of nuclear power and the
technology which has been developed to control pollution.-

NUCLEAR POWER AND ITS POLLUTION ASPECTS ..

The rate of nuclear power %’lmwth,is increasing more rapidly than -

. the most optimistic forecasters had predicted. In 1964 it was estimated
“that the installed nuclear capacity in the United States in 1980 would’
~be 60,000 to 90,000 electriéalpmega'zwatts;. The recent latge number of -
nuclear power announcements have raised these 1980 power estimates. -
10 80,000 to 110,000 electrical megawatts, 0 i
With this expanding industry, one might reasonably ask if this in-
-creased nationwide use of nuclear electric power will produce serious
environmental pollution problems or, conversely, if the extent of power
‘reactor waste management operations will be of such magnitude as to
- deter the orderly development of the industry. The control of reactor
~eflluents, to date, has been carried out in a safe and economical manner,
- and these operations have not resulted in any harmful effects on ‘the
public, its environment, or its resotrces. ‘We believe this excellent
environmental pollution control record will be continued. ‘ L
We will summarize briefly the state of technology and of the re- -
gearch and development. being carried out to achieve this objective.
~The potential effluent control problem from nuclear power systems

~may be considered in two parts: (1) the ‘handljng, treatment, and dis-
posal of increasing quantities of liquid, solid, and gaseous wastes with
very low levels of radioactivity from the normal operation of civilian
‘nuclear power stations, and (2) the processing and disposal ‘of highly
radioactive wastes from facilities which process irradiated reactor fuel
to reéovertheunburnedﬁssionable,matem,al.,‘ e e

, e ' NUCLEAR POWER REACTORS , .

~ While the management of radioactive waste at nuclear. power sta-

- tions is not expected to impede the development of large-scale ‘and
- widespread nuclear power generation, sufficient quantities of low-
gotivity wastes (liquids, solids, and gases) are produced to require ef-
fective and economical ¢ollection, handling and management systems,

- and to insure that effluent control does not become the limiting opera-
tional factor in the production of power. The scope and magnitude

~of ‘these operations vary with each type of power reactor. . For ex-
ample, the satisfactory handling and disposal of gaseous effluents is an
important, design' consideration: for organie,. gas-cooled, and direct-
cycle, boiling-water reactors. The low-activity liquid wastes produced
by water reactors are either treated before disposal or.

“‘reactor: feed water, The nature and quantity of low-activ

1ty wastes

' ment proceeds on these reactor systems.

“from thermal and fast breeder reactors will be evaluated. as develop-

v
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Waste systems for power reactors have employed conservative de-
sign criteris in terms of safety, pollution control, and plant perform-
ance. These criteria include the following salient features: .

(1) Waste plant eapacities are sized to handle higher than normal"
volumes and activities which might be caused by higher than expected
corrosion and leakage rates, frequency of maintenance, and radioac-
tivity from fuel failures.. R RIS A

~(2) Plant flexibility is provided to accommodate waste from future
fuel types, new decontamination solutions, and unforeseen abnormal
wastes and cleanup solutions from accidents. : ” '

(8) Some dilution of liquid wastes by mixing with main condenser

~ discharge water or other water is permitted in order to keep well below
radiation protection standards; however, the dilution eapacity of sur-
face water streams receiving thecondenser discharge water is not, used
to meet acceptable radiation protection standards. I

_(4) Limited use is made of on-site disposal for low- and intermedi-
ate-level li(luifd wastes or packaged, solid wastes. -~ ST :
(5) Piping and tanks (for all except very low-activity liquids) are

" provided with separate secondary containment by placing them in pipe

trenches and in concrete enclosures, so that leakage can be detected and
collected and returned to the waste system. .. - T :

_ Treatment and storage systems at water reactors now operating (and
those planned for the expanding industry in-the next decade or morey):
include radioactive decay hold-up tanks, evaporators, ion -exchangers,
. steam-stripping, catalytic recombination of hydrogen and oxygen, fix- -

ation of solids and liquids in concrete, incineration, baling; and liquid -
and gas filtration.. In many cases, liquid. wastes are stored to permit,
decay of short-lived radioactivity. = They arethen monitored to.assure -
that, they meet acceptable standards and then are released without fur- -
ther treatment. The waste volumes handled at power reactor facilities -
are not large (50 to 100,000 %allons per day for 200. to 400 milliwatt
reactors) in comparison with industrial waste volumes from many
other industries. The total radioactivity handled in these wastes 18
uite small, - Radioactivity concentrations in existing power plant ef-
‘fluents, with no environmental dilution, have rang .frx‘)'om; 1 to3 per- .
" cent of internationally accepted radiation protection standards forthe
general public. The plants have used conservative ‘methods for éstab-
* Dishing: ischarge limits, - RS ER AT
Solid combustible wastes are generally baled (volumes reduced by
4-6:1 through the use of standard balin, machines), then sealed in
fiber drums or boxes and shipped off site for land burial at approved:
sites. Incineration of combustible wastes at power reactor sites has
not been widely used because of high operating costs and: the rela-
tively small volumes of such waste handled. Disposal of ion exchange
resins, evaporator concentrates, and contaminated noncombustible -
waste is  acconiplished bg fixation in concrete in standard 55-gallon
drums and transported by commercial firms off site for land burial.
Solid waste volumes for reactor facilities of the Dresden and Yankee
types amount to several thousand cubic feet per year. Final disposal
_of these wastes is readily achieved through commercial land burial
operations at special locations on Government-owned land—currently
“in the States of New York, Kentucky, Nevada, and Washington—
where the necessary perpetual control is assured. The capacity and

nkee :

'
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availability of suitable land burial facilities do Hot:appearto be poten-
tial problems for-future power réactor operations, even with‘the miost
optimistic growth projecions. 1 1. il o
‘" Radioactive gases dre normally producedin water-¢ooled and mod-
erated:reactors.” Some‘of the radieactive efffuents may be #ssociated
- with particulate ‘matter. - All radioactive ‘particulates’ discharged to
“the atmosphere pass through high efficiency absolute filters ‘which re-
move 99.9 percent of the particlés 0.8 microns or larger. ' Somie lants
_ have holdup'eapacities for radioactive gases to permit decay ‘of ‘some
. of the species to innocuous levels. - Radioactive gaseous effluerits from
nuclear:power plants areé continuously monitored at thie plantand Fur-
ther off-site: monitoring is/ also ‘provided by both: State ‘and Federal: -
agencies: " Nucledr: powerffgla’nt« records indieate ‘gageobus: discharpes
that' are -only one-tenth of 1 'percent+«(0.1  percent) of “permissible
limits. In one recent--pas«é,"involvinglfa'fpressﬁrized water reactor, it
was determined that a tall stack for release of ‘aseous efftaérits wasnot
© necessary because of the small amounts of effluents produced. . R
* Data for power reactor waste management systems show that capi-

- tal ‘costs for water-type reactors to date have ranged from approgi-

mately $0.5 to'$4.0 millibn for the collection; processing, disposal, ind
monitoring systems required. : Suchcosts presetitly. conistittite 3 to 5
- pereent 'of the total reactor facility cost; operating*and: maintenahce
gosts have ranged between:5 afid 10 percent of the overall plant opera-
-~ Froni'an overall water!pellation ‘standpoint, & signifieant problém
in the future may invelve thermal effects from both nuclesr and fogsil
fueled eléctric power plants. The magnitude and severity of thermal
effects are highly dependent on local environmental -conditions.* That
is,i the: a,vai'laﬁ)ility- of adequaté surface water supplies for conidenser

- eooling - is - ‘becoming -a ' major considération in the siting of both
- nuelear and convéntional’ thermal-electric’ generating stations.  Nus
- clearplants of eurrent’ degign’ discharge more Wwaste heat ‘to
vironment than a conventionally'fired plant of the saiil 7
of'a’lower: thermal ‘efficiency. Ag'tore efficient nuclear plaxt

- dueed; 'this ‘difference in thermal effect: betwesn: nvicloas and fossil

plants'will be diminished; Auzxiliary ‘cooling’ systems; ihvolvirg: the
use of reservoirs, pords, or-coolinig towers; can be ‘s solution; but in-
“stallation costs of about $5 per kilowatt of plant capacity may b re-
quired’over a conventional river'water cooling system. ‘However,; these
costs miay' be offset by incre: sed flexibility insité’selection, which
“¢ould:result inlower fuel,"power transmissioh, and lan L

st ‘f.’EféEL:BEPRﬁQi‘}éSiNG ‘PI'é_AﬁTS :
- During the chemical reprogessing of irradiated reactor fuel to ro-

cover unburned uranium and, plutonium, highly radioactive :wastes
are produced which must be contained and isolated from man and his
natural résources for hundreds of years. The magnitude of the high
activity waste management problem with an expan ing nuclear power
industry has been under continuing assessment as.an integral part of
. the Cémmission’s radioactive effluent control research and develop-.
int Com- -
ioactive
then cur-

mittes ‘on Atomic Enérgy on the subject. of qndustr
‘waste disposal heldli%'n ‘1959,’?2f was estiélg;ted?tihat;ﬁs?ﬁg the




" rent procéssing technology the volume of high and intermediate level
waste accumulated by: 1980 would reach 36 million gallons, i~ 7
. The intervening years have brought improvements - in fuels> tech- .
nologyand in fuel reprocessing methods which have served to markedly
reduce the volume of wastes generated per unit of nuclear power pro-
duced. - Thus, while estimates of installed nuclear power in the-year
2000 remain about the same, estimates for 1980 have risen almost four-
fold from 25,000 electrical magawatts at the time of the hearings to
95,000 electrical magawatts now forecast, and predicted accumu ated
waste volumes in storage by 1980 ha’wfevtitvqp‘ped‘by a factor’of 10'to
40 (from 36 million gallons down to 1 to 4 million gallons) "d;épe‘ndinﬁ
‘on waste handling techniques within the reprocessing pfaht‘.fi + Wit
the currently projected nuclear power growth rate, the cumulative
waste volumes by the year 2000 are estimated at 20 to 40 million gal-
lons, which is:not inordinately large when, compared with the over
65 million gallons of high activity wastes which have been satisfac-
torily handled in the AKC’s own operations to date. , ¢

These estimated waste volumes are predicated on the. assumption ’

that eonfinement of the;wastes will be accomplished by means of long-
term tank storage of liguids. . However, while more than 20 years’
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experience, with storage. of liquid ‘high activity wastes in tanks has . -

shown it to be.a safe, practical means of interim handling, the long-
term usefulness of this method is limited. This is due to the long
 effective life of the wastes (hundreds of years) and the comparatively
_short life of storage tanks, estimated ‘at several tens of years. Ac-
. cordingly, the Commission has pursued a vigorous research and de-
velopment, program aimed -at developing and demonsti'atin%,_ on, an
engineering scale, systems for the conversion of high leve liquid
wastes to stable solids and their subsequent storage in a dry.geologic
formation'such assalt.” =~ . LT RO e
This solidification and disposal technology for high-activity waste
appears quite feasible and practical, and has now reached the. hot
 pilot plant and field demonstration phase. Results of these reseanch
~ and development programs are being provided to industry as com-

it

mercial reprocessing of spent reactor fuel becomes operational during
the 1966-72 period. - ¢ o
“While it appears that the preseitly proposed waste management,
systems will fulfill the requirements for safe'and economieal, disposal
of high-level wastes from our futire nuclear power industry, there are
th’v'%)Qt;ential problems which may require additional attention, These
involve ' , g krypton 85 and tritium to
the environment from fuel processing ‘p%ams. - Although these rare
gases are far less hazardous than many other fission products, the
release of krypton 85 at those processing plants which might be located
‘near populous areas may impose certain operational limitations. ‘The
~removal and. containment of krypton 85, to prevent a significant
buildup of this radionuclide in the atmosphere, may be required in
an expanding nuclear power economy. - Technology to accomplish this
is ‘being developed in the Commission’s waste research program.

ve the proposed practice of releasin

Tritium, a fission product of very low yield, may also merit special '

consideration from the standpoint of its management in wastes from
fuel }%rooess,mg. In the case of Eresent solvent extraction plants, at
least ‘75 percent of the tritium in the irradiated fuel is discharged to the
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environment in low-level aqueous wastes. Future plants, if situated -
‘less remotely, may be restricted in the quantity they can release to their
immediate environs. S ' ~ .
- The costs of high-activity waste treatment and ultimate storage in
the nuclear power future have been estimated between 0.02-0.03 mill
per kilowatt-hour of nuclear electricity produced. This represents:
about 12 percent of the total fuel cycle cost and substantially less than-
1 percent of the cost of nuclear power in a 4-mill-per-kilowatt-hour
economy. On the basis of laboratory and engineering process data,
- andon an expected successful field demeonstration and testing program
- with high-activity waste, it is believed that waste management costs
will not' deter the development of safe and:economical nuclear power..
LR NUCLEAR TECHNOLOGY IN POLLUTION CONTROL
While waste management technology has been and is ‘being de-
veloped which we believe will continue to provide satisfactory environ-
 mental pollution -control ‘§ystems for the exlaéanding nuclear power
~ industry, there are also other facets of the AEC program which are
- making significant contributions to the Nation’s overall pollution -
~ abatement efforts: " These’ programs’ deal with the development of

- instrumentation and monitoring equipment for the measurement and

" the medium. , \

control of nonradioactive contaminants in our geohydrologic and at-
mospheric environments. ‘ o : E

RADIOTRACER RESEARCH AND DEVELOPMENT "

Pollution of the environment generally involves the presence of
chemical substances in low concentrations. To control po?lution,*one ‘
- must be able to measure it. Here the use of radiotracers is a particu-

~ larly useful tool for quantitatively analyzing the problem, because of
the extreme sensitivity of radioisotope measurements. An example of
an early use of tracers was their employment in 1958 in a study of
~ sewage flow rates near El Segundo, (nglif. i
~In the past few years, the development and refinement of ultra-
- sensitive analytical techniques (such as neutron activation analysis)
and of sealed sources of radioisotopes have enabled scientists to apply
- modern methods and portable equipment for determining. more ac-
~curately and conveniently the concentration of a wide variety of en-.
vironmental pollutants. Activation analysis, for example, permits the
use in some cases of inert tracers to follow the course of a particular
‘contaminant without having to add radioactivity to the biosphere.

- Reliable and intense sources of alpha, beta, and gamma activity are

incorporated in field instruments wherein the degree of attenuation,
_scattering, or emission of radiation is ‘a measure of the properties of

An instrument for continuously monitoring the concentration of
sulfur dioxide and ozone in air has been developed in the AEC isotopes
development program for air pollution control and is under evaluation
by a commercial company. This device uses a newly available radio- -
chemical (krypton. clathrate) to measure parts per million levels of
~sulfur dioxide and parts per billion levels of ozone. Air containing -
the contaminants is*pass‘edtthm’t}lgh an organic compound in which the

radiolsotope krypton 85 is trapped. Reaction.of the contaminants with
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the organic material releases an equivalent amount of the radioisotope,
‘which can be measured with ireat sensitivity. . s

For stream hydrologic work, a suspended sediment density meter has
been developed, a rugged portable device for measuring the concentra-
tion of suspended sediment in rivers and streams. - This unit employs
a sealed source of cadmium 109 which emits soft X-rays. The degree
of attenuation of the radiation is related to the concentration of
sediment. o L
-~ Another new analytical technique which appears promising for
‘stream pollution studies is a portable dissolved oxygen analyzer. In
this method, a radioactive material—metallic thallium 204—reacts with
the dissolved oxygen, in stoichiometric quantities, in the water flowing
through a column of metal particles. The radioactivity in the effluent
is counted. This unit can measure parts per million concentrations of
oxygen, and can provide data over longer periods of time than other
devices, without interruption.

* Other radiotracer work is being carried out in connection with stream
ollution control for the pulp and paper industry in the State of Wash-
ington. A tracer technique using chromium 51 has also been developed
to determine the efficiency of ion exchange waste treatment for chro-
mium bearing waste solutions. Increasing use of various radionuclide
tracers (krypton 85, chromium 51, and scandium 46) for sediment
transport studies is another area where radioisotope technology is
being used in the overall problem of environmental pollution measure-
ment and control.

While not considered as nuclear technology, per se, the AEC in its
environmental pollution research and development program has pio-
neered the use of a “team approach” in assessing the environmental
‘impact of large-scale nuclear energy operations on man and his re-
sources. The application of a wide variety of chemical and analytical
techniques and competencies in many scientific disciplines, including
operations and systems analyses, hasresulted in comprehensive environ-
‘mental evaluations of (1) stream conditions in the Clinch River below
Oak Ridge, Tenn.; the Savannah River below the Savannah River
plant, Aiken, S.C.; the Mohawk River below Knolls Atomie Power
“Laboratory, Schenectady, N.Y., and the Columbia River below the
Hanford works, Richland, Wash., and (2) atmospheric conditions in
the vicinity of Oak Ridge, Tenn.; National Reactor Testing ‘Station,
Idaho; and Brookhaven National Laboratory: near Upton, N.Y.. We
believe the techniques used, including systems analysis, are equally

applicabletoother environmental pollution studies. -
'METEOROLOGICAL APPLICATION

~ The meteorological problems faced by air pollution abatement and
‘maclear energy authorities are similar, despite the differences in em-
phasis engendered by the differences in source materials and configura-
‘tions. In many cases, such as releasés from stacks, the problems are
identical and the same meteorological tools may be used to estimate
downwind dosages. In other cases, such as the urban area source, the
meteorological égwrameters 'governing single source emission are the
same but applied in a somewhat different manner. ... = .

. Becanise of the/intensity of effort and the fundamental nature of the

studies of turbulence and diffusion within the nuclear energy field over
68-240—66—vol. II—20
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the last 15 years, there has:been a significant flow of basic and applied
meteorological information into the air pollution technology. The
various national laboratories and other contractors of the Atomic
Energy Commission have carried out research in several major cate-
gories: aerosel studies, precipitation studies, atmospheric transport
and diffusion studies, and the development of sampling equipment.
All of these programs have direct application to the overall air pollu-
tion problem. ‘ ,

For example, the aerosol studies have as their objective an under-
standing of the interrelationships between very small particles and
their environment. Since many air pollutants are aerosols, it can be
seen that the work done in this category would have direct application
tomany of the industrial air pollution problems. :

The ¥recipita,tion studies are designed to understand better the
- effect of scavenging or the cleansing of the atmosphere by precipita-
tion. This involves understanding the processes involved in precipi- -
tating systems and the creation, development and eventual dissipation
of such systems. The scavenging of the atmosphere by precipitation is
nature’s method of keeping the air clean of all air pollutants. There-
- fore it is vital that we know more about the scavenging mechanism.

Although the programs in atmospheric transport and diffusion
studies are primarily supported for the purpose of developing a capa-
bility to forecast efficiently and expeditiously the concentration of
radioactive material from an accident, operational release, etc., any-
where in space and time, the results of these studies are applicable to
any problem where the atmosphere acts as the transporting and diffu- -
sion mechanism. Many of the studies use nonradioactive materials as
tracers. A good share of these contracts emphasize basic studies of
atmospheric turbulence, since it is the turbulence which diffuses ma-
terial in the atmosphere. : e :

In other research studies, the AEC has pioneered in the use of tall
- towers and constant level balloons for probing the atmosphere, in the
- performance of some of the major diffusion experiments necessary to

verify theoretical models.and develop empirical techniques and in

studies of the deposition and washout.of material on surface features.
These studies have been responsible for new techniques in meteorologi-
~cal instrument development and use, for plume height of rise studies
and for the development of advanced climatological formats which
delineate those features of local climate that determine the diffusive
capacity-of asite. - v : ~ L ‘
Another significant contribution to the quantitative assessment of
air pollution problems has been the publication of “Meterology
and Atomic Energy” (now being upda;teg) , a technical guide used by
“the nuclear industry during the past 10 years in reactor safety analyses.
The calculational methods and techniques which have been developed
for determining atmospheric transport and diffusion of radioactivity
are now being used in the evaluation of industrial air pollution

~‘prob;[aylzns,;g e _ SR i
: i  JAEQ STUDY OF POLLUTION PROBLEMS - .
It has recently been suggested that the AEC and its national labora-

tories be used in assisting with the problem of pollution control from

fossil-fuel plants, as 'well as other pressing national industrial waste
problem. The Commission, as part of its broad public responsibility,
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is vitally concerned with overall problems of pollution, and is espe-
cially interested in developing nuclear techniques or systems which
would contribute to the solution of various industrial waste problems.
The AEC actively promotes the maximum use by others of technology
developed within the AEC complex. Further, the Commission stands
ready to make AEC facilities available to other Federal a%t;ncies,
where the Commission’s special competence may be useful. In this
connection, arrangements have been made for AEC and its national
laboratory staff members to visit with the National Coal Association
research group for technical discussions on the coal industry pollution
problems. :
SUMMARY AND CONCLUSIONS

Pollution abatement is one of the major factors being considered by
the power industry in the selection of fossil fuels or nuclear reactors
for electric power generation. Power reactor effluent control has been
carried out In a safge and economical manner and these operations have
not, resulted in any harmful effects on the public, its environment, or
its natural resources. '

Waste management technology has been and is being developed
which will continue to provide satisfactory environmental pollution
control systems for the expanding nuclear power industry. Surveil-
lance programs have been established to assure that concentrations of
radioactive materials released to the environment are maintained well
below internationally accepted health and safety standards. The costs
of power reactor waste management to date have been nominal, and it
is estimated that the future costs for treatment and storage of highly
radioactive wastes which are produced in the chemical processing of
irradiated reactor fuel will be substantially less than 1 percent of the
cost of nuclear power in a 4 mill per kilowatt-hour economy. Instru-
mentation and analytical techniques using radioisotopes have been
developed for use in nonnuclear environmental pollution measurement
and control. Basic and applied meteorological research data from
AEC programs are being used in industrial air pollution control
programs. ‘ , e

"The subject of industrial radioactive waste disposal was thoroughly
and extensively discussed in hearings conducted by the Joint Commit-
tee on Atomic Energy in 1959. Among the salient conclusions reached
as a result of the exhaustive JCAE hearings on this subject were (1)
radioactive waste management practices have not resulted in any harm-
ful effects on the public, its environment, or its resources; and (2)
the %eneral problem of radioactive waste need not retard the future
development of the nuclear energy industry with full protection of the
public health and safety. Even with the most optimistic nuclear power
projections, we believe these conclusions are still valid. :

The Commission is grateful for this opportunity to provide infor-
mation on a subject of such vital significance to the people of the
United States. )



STATEMENT SUBMITTED To THE SUBCOMMITTED ON SCIENCE, RESEARCH,
- AND DeveroemeNT, BY JamEes R. Garvey, Brruminous Coar RE-
' BEARCH, INc., SEPTEMEBER 19, 1966.

My name is James R. Garvey. I am president of Bituminous Coal
Research, Inc., which is the research affiliate of the National Coal As-
sociation. At our research laboratories at Monroeville, Pa., we are
seeking through research to improve the means by which bituminous
coal is mined, prepared, shi‘ppé(?, and utilized. A substantial portion
of our re'searcﬁ effort-is devoted to finding means for contrelling the
pollution resulting from the mining and use of bituminous coal.

“Our or%anization is supported by the bituminous coal industry,

“through the National Coal Association, and, in addition, receives fi-
nancial contributions from the coal-hauling railroads, coal mining
and utilization equipment manufacturers, and a number of the leading
electric utility companies. -

We believe the objective of the hearings by this committee, namely,
to assess the technology for pollution abatement, to be a most laudable -
one. The coal industry, like many other industries, is alarmed by the
rate at which legislative action commanding pollution abatement has
accelerated well beyond the rate of development of feasible means for
accomplishing that abatement; especially in light of the questionable
need in some instances for abatement. The situation was well de-
scribed by Dr. Abel Wolman of the Johns Hopkins University in his
special report on pollution made to the Management Advisory Panel
of this subcommittee. ' SR o

A review of the present status of water, air and land pollution and proposals
for abatement. thereof make reasonably clear that corrective legislation has

.“quite well outrun both factual basis for action and smooth machinery for develop-
ment and regulation. .- : o ) 3 o

‘We appreciate the opportunity to present this material, and it is our
intention, in line with the objectives of the hearings, to review the
state of the art of abatement, primarily, of air pollution resulting from
the combustion of bituminous coal, and, to a somewhat lesser extent,
the abatement of water and land reclamation involved in the mining
of coal. We will attempt to brief you on the research and control -
methods which are currently underway and the expectations we have
for the attainment of improved pollution eontrol methods which will
enable a reduction in coal’s contribution te air and water pollution

~and land reclamation problems, and at the same time, enable the coal

- industry to continue as a vital part of our industrial economy.

Bituminous coal is vital since it is the primary source of heat energy
used in the generation of electricity and the carrying out of man

industrial processes. It is estimate(%7 that during 1966 about 263 mil-

lion tons will be used for electric generation, 106 million tons will be

used directly by general industries, and 94 million tons will be used
in the form of coke for the manufacture of steel. This 463 million
tons, combined with somewhat lesser amounts used for other purposes,

908
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1 including export, will bring the total bitumiinous coal production this

year to about 534 million tons. This coal production, in addition to
| providing an important contribution to our industrial progress, also
provides employment for more than 128,000 men and contributes
$9.5 billion to the national economy. )

When this bituminous coal is utilized for the generation of heat
energy, whether for conversion to electricity or for direct use in in-
" dustrial processing, a number of byproducts considered pollutants are
produced. These mclude smoke, which is unburned carbon; ash, which
is the noncombustible portion of the coal ; and gaseous oxides of certain
foreign elements in the coal, notably sulfur. The coal roducers, in
cooperation with those who use coal, have a long record of: accomplish-
ment in the development of means for controlling these pollutants.

The emission of smoke from a coal-burning plant is, and should
continue to be, a thing of the past. Through intensive research, car-
ried out almost 90 years ago, the technology for coal combustion with-
out smoke pollution was developed and the modern, coal-burning
plant of today emits practically no unburned carbon. . o

A similar situation exists with regard to the uncombustible ash of:

coal. The development of mechanical and electrostatic collectors has ~

progressed to where the stack emission of “fly ash” in modern plants-
can be reduced to less than 0.5 percent of the original ash in the coal.,
Because the development of this ash control equipment is more recent
than that of smoke control, not all coal-burning plants are so equipped.
But as old plants are phased out of use through obsolescence, and
new plants are constructed to replace them, this high-efficiency ash-
collection equipment is being installed. The electric utility industry,
in particular, should be commended for their efforts in the develop-
ment of such equipment and the investment of non-profit-making
capital to the extent of millions of dollars per plant te enable this
achievement in dust control. And the ultimate in the control of dust
has not yet been achieved. Research still continues and the more
recent development of bag filters, which remove ‘almost 100 percent
of the dust from the gas stream, are currently being tested by a number
of large utility companies. , R

The third byproduct which T mentioned earlier, namely, the oxides
of sulfur, are the cause of the most concern at the present time.  The
technology for controlling this so-called pollutant is by no means
- as advanced as that for control of smoke and fly ash. This is perhaps
undérstandable because it has been apparent for many years that
unburned carbon in the form of soot, anc%) unburned other constituents
of coal in the form of fly ash, were true pollutants. One could see
them, feel them, and readily assess the damage being done. No such
means for assessment of the damage of sulfur oxides as been possible.
One cannot see them or feel them; and the only way one is aware of
their existence is in extreme cases wherein the concentration rises to
the point where one can smell them. But this is a rare instance, and
the concentrations of sulfur oxides in the air are for the most part
so low that we are not aware they exist. - Whether their existence is
detrimental to health is a matter which has not been resolved. As was
pointed out in the report of the ‘Environmental Pollution Panel of
the President’s Science and Advisory Committee, “Restoring the

- Quality of Our Environment” :
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While we all fear, and many believe, that long continued exposure. to. low levels
of pollution is having unfavorable effects on human health, it is heartening to
kmo*vv*tgat careful studies have so far failed to produce evi‘dence that this is
S0 . : : :

Further along this line, the report of the Research Advisory Panel
of this Subcommittee on écience, Research, and Development, entitled
“The Adequacy of Technology for Pollution Abatement,” stated :

The facts on the physiological responses of man to long-term low-level ex-
posure. to pollutants are lacking, but are necessary for setting criteria and
standards. No evidence has yet been produced that low levels of pollution
have unfavorable effects on human- health, .

However, so that I will not be misunderstood and accused of quoting
out of context for a special purpose, I want to hasten to add at this
point that the same report flx)'om which the foregoing quotation was
taken went on to say: R

‘But abnormal changes in animal populations are congidered to be warnings of
potential hazard. PR - :

We, the coal industry, acknowledge that the danger of a potential
hazard exists. We believe every effort should be made to define the
extent to which such a hazard exists and at the same time to develop
means for needed control of the pollution which causes it. We urge
that criteria and standards for pollution control be based on factual
information and not on emotions. We also urge that until the exact
levels of pollution which are dangerous to man have been established,
the criteria and standards be set with reason in accordance with the
- state of the art of the technology for their control.

- What is being done by industry itself in line with the determina-
tion of the tolerable degree of exposure and the development of methods
for control of sulfur oxide pollutants? Qur organization has been
engaged in research directed at the control of this pollutant for over
10°years. In the conduct of most of this research, we have had the
financial sup}i;lort and technical guidance of the electric-utility indus-
try through the Edison Electric Institute and the Association of Edi-
son Electric Cos. This research has resulted in greater knowledge of
the occurrence of sulfur in coals and the development of guides for
removal prior to combustion, as well as increased knowledge of the com-
plex chemistry necessary for the development of processes for recov-
ery of sulfur oxides from the flue gases after combustion. And, as of
January ‘1,°1966, our program has been expanded, again in coopera- -
tion with the utility industry. A: projected 5-year program has been
developed at an estimated cost of- $4.3 million. This research, in
summary, will include: = i o ; ‘ -

1. A thorough study of the physiological effects of sulfur oxides,
both alone and in combination with other air contaminants. This work
is being carried out by the Hazleton Laboratories of Falls Church,
Va. In addition, our organization, in cooperation with the oil in-
dustry and the steel industry, is sponsoring another project at Mellon
Institute, also directed ‘at determining the physiological -effects of
sulfur oxides. 'While both of ‘these: research programs will utilize
animals instead of humans to study these effects, it is anticipated
that thé ‘results will provide guidelines for determining the suscepti-
bility of man to low-level exposureof pollutants. = e
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9. Our organization, in its own laboratories, is carrying out re-
search directed at the development of equipment which will enable
the removal of additional quantities of sulfur from bituminous coals
before they are burned. In many bituminous coals, the sulfur occurs
primarily as a mineral pyrite which, if the coal is crushed fine enough;
can theoretically be removed: However, because of the extreme fine-
ness of crushing required (to as fine as talcum powder) in order to
free these pyrite particles, the development of the necessary tech-
nology and equipment is progressing slowly. But, progressing it is,
and we expect some time late this year to have installed at a central
Pennsylvania powerplant the first pilot unit for achieving this reduc-
tion in sulfur content of coal. :

3. We are also carrying out accelerated research on the development
of low-cost methods for recovering SO, from flue gases followin
combustion. Our present research is directed at the injection o
chemicals into the é)ue gas stream, which will react with the oxides of
sulfur and deposit them with the fly ash. Again, the development of
the necessary knowledge of reaction rate of various chemicals, the
most effective temperatures at which the reactions should be carried
out. and other design data cannot be achieved immediately. It is our
intention that the basic laboratory work will be completed some time
early next year, and trial installations on a full scale can be started
shortly thereafter.

Tn addition to the research which we are doing, a number of others,
including both Government and private industry, are carrying out
extensive investigations. Both the Bureau of Mines and the Public
Health Service are investigating processes for sulfur oxide recovery.
The Bureau of Mines work will move into the early pilot stages this
year, and hopefully, a full-scale installation can be made sometime
the latter part of next year. The Public Health Service work, we
understand, includes an evaluation and possible erection in this coun-
try of a pilot unit incorporating a process which has been developed
in Geermany. ,

Investigations by the manufacturers of equipment includes the in-
stallation of wet gas scrubbing processes. One of these has already
been installed for test at a powerplant, and another is projected for
installation late this year. ; - s S 5

And, in this overall effort directed at finding a means for economi-
cal control of sulfur oxide pollutants, one of the large chemical com-
panies, a primary supplier of sulfuric acid to industry, in cooperation
with a utility company, is constructing on a substantial scale the
equipment necessary for recovering the sulfur oxides from flue gases
in the form of sulfuric acid which that company then will market.

In summary, the state of the art of control of pollutants from the
combustion of coal is moving forward on all fronts. - As I pointed
out earlier, the technology for control of smoke in fly ash is already
available in an advanced state, and additional progress is being made.
However, much still remains to be done, despite an expanded research
effort by industry, in connection with the control of sulfur oxides.
Those processes which are most advanced in technical feasibility are
still at the present state of development far too expensive to install
and operate, especially in light of the lack of knowledge regarding
the degree of control which is necessary to protect human health.
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which T described earlier, passes through the large pilot stage of de-
velopment, O}ilportunities will be available for improvements in the
Eech}i)(ilogy which will make them economically as well as technically
easible.
The mining and preparation of coal for shipment to market also is
the cause of pollution, including air, water, and land disturbance.
- Air pollution results from the spontaneous ignition and subsequent
combustion of the refuse discarded in the cleaning of coal for market.
Since this refuse amounts to approximately 1 ton for every 2 tons of
coal produced, the amount of this material which has accumulated since
coal mining began in this country is substantial. The technology for
prevention of spontaneous combustion in new refuse piles has been de-
veloped, and by means of careful compaction and selection of site, this
source of air pollution can be eliminated in the future. However, a
great deal more work is required in the development of means for
extinguishing fires-and prevention of reignition in old and abandoned
refuse piles. QOur organization has investigated a number of ap-
_proaches, including the pumping of noncombustible material into the
refuse pile. Other organizations, such as the Bureau of Mines as
well as other industrial groups, are carrying out additional research,
and while some progress has been made the complete answer is not
yet available.. ‘

Water pollution results from two sources; naniely, the fine coal

particles suspended in the water used for coal washing, which'is in turn

| ~ discarded to streams; and the acid drainage from mining areas which

ultimately by natural flow finds its way into the streams. The tech-
nology for control of “black water” discharge is well advanced, and
by the use of settling ponds and filters the modern coal preparation
plant is rapidly making black rivers a thing of the past. -~ '

- “Acid drainage, however, represents a far greater problem insofar as
control is concerned. The mechanism for production of acid water in a

coal mine is not completely understood, and the means for changing

the acid drainage from a coal mine into so-called sweet water is not as
simple as many would have us believe. A large coal mine may dis-
charge as much as 10 million gallons of water each day. The equip-
ment and chemicals necessary for rendering this water suitable as de-
fined by some State laws for discharge into natural streams can be
extremely complex and costly. But progress is being made.

The principal object of the coal industry’s attention to the solution
of acid drainage problems has been in the field of eliminating those

- dreas of drainage In operating mines. The responsible coal producers -

are surveying the sources of ground water which pass through their
mining operations in an effort to minimize the amount which becomes
acid; sampling and analyzing the waters discharged from their mines
so that they can determine the degree of acidity, and the mineral content
as a basis for determining the best approach for neutralization and
removal of thesé minerals; and planning their new operations in such
a manner as to reduce to the minimum the water pollution potential.
- Again, as in the case of air pollution control, a great deal more must be
learned about the pollutant itself, both its formation and its effects,
béfore criteria and standards for water quality can be established.

 Hundreds of thousands of dollars are being spent by the coal industry

|

But fEfogress i& being and will continue to be made, and as the work
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and associated groups in an effort to find a practical, economical, and
effective methoﬁ. of removing the acid contaminants from the ‘mine
drainage waters. A number of theories are being reviewed. The most

opular approach to the problem has been the neutralization approach.

his, however, has its shortcomings in that with the volume of mine
water to be treated in a large operation, the cost could be highly un-
realistic. _ ' T

In 1963 the Pennsylvania Coal Research Board began intensive re-
~ search into various problems confronting the coal industry, with main
emphasis placed on pollution control. O Db AR

And just a few months ago the Northern West Virginia Coal Asso-
ciation ‘announced that it would spend $150,000 for a study of that
State’s No. 1 water conservation problem—mine acid drainage. This
2-year study will be conducted by the West Virginia University School
of Mines with two primary and immediate research objectives: :

(1) To discover the sources of pollution and determine cor-

rective measures by which its volume may be reduced ; and

(2) To obtain factual engineering and economic data on chem-

ical treatment of mine drainage by actual operation of a field
pilot plant. ‘ ' :

Tn the final session of this subcommittee’s public hearings, Dr. Abel
Wolman, a recognized authority in the field of ecology and pollution
control, testified that 35 years ago he had been a member of one of
the earlier research teams investigating the discharge of acid waters
from mines in the Appalachian area. The project spent $20 million
and in Dr. Wolman’s words: “We did not succeed and the Bureau of
Mines Director pointed out that they have no solution to acid mine
wastes.” This lends credence to the contention of the coal industry
that a great deal more research and study is necessary if the problem
of acid mine waste is to be solved. Dr. Wolman agreed that this was
a field “where deep seated and prompt research is absolutely essential.”

Much research has been done here by the U.S. Bureau of Mines and
by private research organizations, as well as by those institutions
sugported by the various States. Perhaps there has been too much
independent action by the researchers. As one means of eliminating
this. situation, Bituminous Coal Research, Inc., is cooperating with
the Coal Industry Advisory Committee to the Ohio River Valley
‘Water Sanitations Commission in developing a program, to be financed
by funds from CTAC with BCR contributions, to set up a coordinating
agency whereby all of the various research projects that are now being
conducted in the area of mine drainage can be brought together and
summarized and evaluated. By this means, the various independent
research sponsors can recognize any areas of duplication or conflict
and avoid any waste in the funds much needed for the ultimate solving.
of the problem. On this subject, we would urge that the subcommittee
look into the possibility of a recommendation that at least a sizable -
part of Federal funds that are appropriated to meet the needs of re-
search and pilot plant tests be made available to some of the inde-
gendent groups that are doing such a dedicated job in this effort to

nd a way out of the disconcerting maze that presently surrounds
every perimeter of the mine drainage continent. '

Reclamation of disturbed lands is another area in which the broad -
concept, of environmental conservation is involved. Surface mining
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for minerals and fuels is a mining process in which the surface of the
land is removed to permit the taking of the natural resource product.
This process, because of its'lower cost operation and the recovery’ of
greater quantities of minerals, provides an economical base for the
marketing of the product whether it be coal or other material. In
many cases, surface mining, or strip mining as it is also known, pro-
vides the only way in which large deposits of valuable materials can
be obtained. In the operation of this process, there is necessarily a
disturbance of the land surface. The coal industry has been often ac-
~cused of being a poor neighbor for not rehabilitating this disturbed
surface. For almost 50 years, however, the industry has been pursuing
a voluntary program of reclamation of mined lands. ' Early in 1900,
a request for tree seedlings was made to the Ohio Department of
Forestry by a strip mine operator, but it was not until 1918 that we
have any substantive evidence of this program. Then an Indiana
operator planted an area in fruit trees, some of which are continuing to
bear today. In 1920, in Illinois, the use of mined lands for timber
production was instituted. In 1928, the Indiana strip operators orga-
nized into a group which, for the first time sponsored a program of
statewide planting of lands. This effort has continued and has been so
successful that today practically every responsible operator in the 22
States where surface mining is conducted is engaged in a program of
land reclamation. Many of these lands are converted into recreational
areas, homesites, shopping centers, and agricultural and grazing lands,
in addition to the many acres which are devoted to timber protection
and wildlife and bird propagation and protection. One of the major
contributions which the industry’s reclamation effort is making is
providing water impoundments, ponds, and lakes which contribute to
the source of waters for all purposes of the community.

. As evidence of the industry’s sincerity in the land reclamation effort,
in 1962 the responsible members of the industry joined together into
a voluntary organization for the purpose of encouraging, promoting,
and developing the program of reclamation of mined lands. ' This
organization—the Mined Land Conservation Conference— (an affiliate
of the National Coal Association) has done much to improve the land
reclamation program and provide new knowledge and practices to aid
in more effective and economical methods of reclaiming mined lands.
A major assist in this field is given by the MLLCC Technical Commit-
tee made up of experts in all of the scientific and technical fields that
are in any way connected with the adaptation of mined lands for pur-
poses of community and economical uses. This committee serves not
only the individual and group members of the ML.CC but is also avail-
able without cost to all types of governmental agencies, including this
committee, for such advisory or consulting services as may be helpful.
In its effort to further the cause of land reclamation and utilization,
the conference has instituted a voluntary industry program of surface
1lnin9 conservation. The principal tenets of this code include the fol-

owing: o o
Dispose of all refuse in a manner that will prevent stream pol-
©lution. S i e ' '

Prevent acid drainage both during and after the mining opera-

~ tion. : & , o
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. Where final-cut lakes are not created,’ cover all toxic materials
in the final-cut pit. ) ) ‘

Place pit cleaning and other highly toxic materials where they
may be easily covered with clear overburden. S

These practices are followed by the majority of the strip mine oper-
ators in their day-to-day operations.

In closing this statement, I would like to call the attention of the
comittee to what we. consider to be a most important reference in
the report of the Research Management Advisory Panel. This wasthe
discussion of the need for industrial research laboratories to partici-
pate to a greater extent in the development of pollution control meth-
ods, and the role of the Federal Government in encouraging this par-
ticipation. And here I quote directly from the report:

The Federal Government routinely purchases research and development results
from industry, more or less as a product. The data are used in the performance
of ‘agency missions as a basis for regulation and control administration, and
for dissemination to local and state governments.

In the pollution field, however, Federal research funds, for the most part, are
spent intramurally or in non-profit universities and institutes. For example, it
is estimated that only about one million dollars out of sixteen million dollars for
fiscal year 1967 air pollution research is spent in industrial laboratories.

The Federal roles in waste management technology seem to be, first, stimulus
to industry to speed development, and second, the establishment of the yard-
stick to gage whether the state of art is ready for regulation and control meas-
ures. - The direct contracting with industry for research and development on
broadly applicable devices andtechniques is a desirable part of the overall
Federal effort in pollution. o

The ultimate test of any process developed for the control of pol-
lutants will be a full-scale installation at an operating plant, mine, etc.,
where the pollutant is being produced. Such installations will involve
the expenditures of many millions of dollars—a large capital nvest-
ment in a nonprofit operation. This will necessarily defer capital in-
vestment in other areas, which would ultimately lead to the expansion
of our industrial economy. - We urge that the committee give careful .-
attention to the full report of the Research Management Advisory
Panel, but also give special attention to those portions which recom-
mend Federal Government financial assistance to industry in the de-
velopment and application of pollution control methods.

(A 28-page detailed statement was received from the Advanced
Products Division, VACCO Industries, South E1 Monte, Calif. This
statement, copy of which is in the committee file, deals with the design,
development, and test of a device to maximize combustion efficiency
in internal combustion automotive engines.)

O“






