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SUMMARY RECOMMENDATIONS

The objective of this report is to define the Envirormental Protection (EP) problems of
the U.S. Navy ashore and:afloat and to derive nicaningful RDT&E requirements to be re-
svonded to by thewvarious NAVMAT SYSCOMs.

] The scope and responsibilities of the various federal agencies in the EP program are
stated in official documents and are augmented, clarified, and updated for this presentation
by personal discussions and visits with two groups of personnel—those responsible for re-
search, devélopment, and demonstration; and those for operations. In the establishment of
requirements, care was taken to coordinate these arcas with the cognizant agency to minimize
‘duplication and where possible to- remforce and concentrate Navy resonrces in critical areas.

The principle:of-pollution prevention—treatment of waste (or surplus material) and by
Teprocess, purification,-etc.,.where-technically and economically-feasible, to make available
a reusable or salable praduct—was advanced.

Included with the RDT&E requirements for each pollution problem-is a description of
operational problems encountered and the existing sfate-of-the-art and technology in use or
considered for use in the solution of:the problem; where applicable, a technical:uppraisal is
rendered. Thus the reader can-be familiarized with the-existing situation, the magnitude-of
the problem being faced, and-the-potential of sumy of the technical approaches to be inves-
tigated and tested. The majorNavy: R&D problim-areds of concerr: are:

a fSanitarSrWastc treatment-and disposal:systems for small'boats, submarines, and.lasge
ships (AS/CVA) which spend-considerable time ix:port—development of on-board holding or
‘treatment systems thh ﬂexxbxhty of-performance to meet more rigorouis water standards.
~Functmnal modules to-be. integrated-into-a shipboard system would include biological, bio-
-chemlca! electrochemlcal mechamca& membrane punﬁcanon, fi ltratxon and incineration,

-b. Prcventxon of oil oil pollution: -of water resultmg from pumping of-bilges, deballasting of
fuel or cargo oil- tanks prior-to-refueling, pumping tank slop, accidental and deliberate-fuel
spillage from fuel seplenishment (JP-5-contamination), fuel tank meter failure, etc. As a-con-
sequence, the R&D program consists of bilge and ballast oil/water separators, oil in water
monitoring/measurement devices, oilslick containment and recovery. systems for harbor use.

¢. Reduction of smoke. emission and:noise of aircraft engines. A smoke problem is
usually a corollary of.carbon monoxide (CO) and unbumed hydrocarbon-exhaust. Opera-
tional (reliability) probiems arise from use of {uel additives and combustion-can modifications
when a reduction of *“visible” smoke is attempted. Concernhas been expressed that efforsts
to reduce smoke result-in the increased emission of the more toxic air pollutant—the oxide of
of-nitrogen (NO,).
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d. Crdnance material reprocess and reclamztion (explosives, propeliants, pyrotechnics,
and OTTO fuel). In addition, an sttempt at improved reclamation of chemical silver from
used photographic material will be made as well as recavery of the nepative base without
security compromise.

e. Other problem areas of distinct Navy application but of lower importsnce requiring
solutions include: industrial (chamical) and galley-wastes from ships, shore (and ship) destruc-
tion of ciassified material, ships antifouling paints, and aircret cleaning and strippine.

f. Recommiendations are made for the responsible system command project 3.1 iséiction, '
and various administrative and procedural changes to promote greater effectiveness and coor- H
dination within the Mavy. (Insufficient coofdination within the Navy, and between the Navy :
and other federal agencies was clearly demonstrated in sanitary sewage and oil spillage probiem
areas.) Other recommendations include: formation of a Navy Environmental Protection Sub-
committee consisting of-all the SYSCOMS under CNM; greater role of CNM Laboratories in
program pranning and prosecution, and concentration of the RDT&E effort at the Naval Shiy .
Research and Development Laboratary (NSRDL), Annapolis, and the Naval Civil Engincering §
Laboratory (NCEL), Port Hueneme, mainly but-noy exclusively for problems afloat gnd ashore i
respectively; and the establishment of an International Exchange Program (IEP) for Naval
Environmental Protection with the United Kingdom.
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U.S. NAVY ENVIRONMENTAL PROTECTION PROGRAM

{. INiRODUCTION

A. The prime purpose of this report is to define the probiems of the U.S. Navy ashore
and afloat related to envirenmental protection (formerly titled Poilution Abatement and later
Environmental Quality Control) and to derive, therefrom, meandr 2ful research and develop-
ment requirements/objectives. The various system commands (%! "‘"O‘A ) under NAVMAT
cognizance are expected to respoad to these requirements by ; ¢ puiation and submission of
updated DD 1634's Task Area Plans (TAPs) or 'wher: approprizic by Forms 3910 or 3920
{Semiannual Program Summaries—Task or Proj ct Plans).

B. The statement of this ohjective was ; ; tdmely, in th-4 nev Presidential Executive
Orders 11507 and 11514, and Public Laws® - znd 91-224 v heing or about to be
issued,

C. To develop realistic R&D requit sinemts, th U ging 4y peoach was taken,

1. Review existing pertinent -Sepuriment o+ Dpfense (DOD) and Navy official docu-

ments (instructions, memos, point pr 7, Laplorelon I2velopment Goals (EDG), Generl
Opzration Requirements (GOR) wh' | ~¢t up responcbiitics, organizational commitiess,
requirements, objectives, eic, for o1 oing effort.

2. Revizw on-going, and ;vanned programs {construction, operation and mainte-
nance, | research: and development) . nther federal agencies which would affect the scope or
-d:rection of Navy R&D.

3. Moectings and discussions ‘«ith appropriate Navy SYSCOM, ONR, CNO, and
MSTS refresentatives and persoune; ot other federai agencies were held to explain the CNM
objective and to establish MAT 044 ax the focs! point for the Navy’s Environmentsl Quality
Control program 2s it applies to the NMC.

4, Moetings and discussions with British Navy Staff were held to obtain dats on
ship’s sewage system development by Urnited Kingdom (U.KX.3.

5. Mectings and discussions with Navy Laberatory representatives (Navai Civil Engi-
neering Laborstory (NCEL), Naval Ships Research and Development Laboeratory, Annapolis
{NSRDL), Naval Weapons Center, and Naval Weapons Laboratory) were held to learn what
poilution contrel and abatement programs are under investigation or being consudered.

D. Discussions were also held with CNO Technical Analysis and Advisory Group repre-
sentatives (Messrs A. W, Magnitzty (NOP-G67T14) and T. 1. Soc-Hoo (NOP-07T13)) regard-
ing the advisability of preparing new GOR’s (or by addendum, modifying existing ones) for
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the Navy Frronmenzal Quaiily *Loutfoi Programm. These representatives indicated that fous
GOR’s will be modificd, ihe differential bases being land, alr, sc2 surface, and =2a subsw fafé
target date {or approved versions was tu be ob or about | Smtesr%:a‘r 19 G. L chievement of
NG approved GOR 5 WO u’d enhance the validity of the SYSCOM DD 15624 Task Area Plan

submissions, and show response {o a definite Navy operational requirement,
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H. EBCOFE OF NAVY ENVIRONMENTAL FPROTECTION (EP) PROGRAY
A. EP PROBLEM AREAS

i.  The Mavy's policy ix 1o play 2 lzading role within DOD in the prevention, con-
trol, and abatement o: the poliution of water, air, and land, and in the conservation c*’ the
nation’s rescurces. In maintaining and furthering this policy, naval opemtions ashore and
afioat are reviewed and analyzed periodically 1o determine and define problem areas, includ-
ing anticipation of problems inherent in procurement of materials and systems. The solution
is also dependent upon the nature, type, and severity of the problem. Somwe zre considersd

re as safefy or medical in nature {pest conirol and radiation}, and some as combined poliy-
Imn a#nd combat effectiveness {zircraft smoke emission). Other EP probiems are sohed more
gdequately by militarv construction and instaliation and procedural modification projects,
Examples of the latter projects are shore based incinerators and sewage disposal/treatment
systems. In accordance with P1 $3-224, Navy policy is to connect to municipal systems where
practical rather than install Navy vnits, Additiona: examples of Navy EP problems by instal
iation aud procedural modifications are the Fire Fighting Schools where the emission of
dense fomes of smoke were shated by modification and agditions of ducts, fans and afier-
birners. Based on extent of expenditures, EP projects supporisd by RDTEF {unds ropresent
M§§ 1 fraction of the total ¢ffort sustained by the Navy. Tabls ! is 3 compilation of the

major probisns aveas of the Navy Enviionmental Protection Program—{pollution prevention,

coatirel; and ahatement, and resources conservation).

TABLL }
NAYY ENVIRONMENTAL PROTECTION PROBLEM AREAS
_ ;Yﬂx?&a{;m
. giﬁjﬁﬂwmgﬁgﬁm Ships)
S s {35&3@;&@{5@&%3&}
@M&M%
{WW I
. iﬁwmmmm
Qﬁi’m{am .
aﬂin 3

{I} mmxm@m{m & vebicale}
" {ZyCoating olvents—{fhip stixsling puints) - -
{3} Skiptd stack oxhaust {propshion indatrisl B sewige Tcinenation)
. {#y Oidssnce material disposal (Suming of explosives, propellanic ¢ic.}
{5) Misgle & Rocke! Propefiant Testing
. {6} Smoke & chemical emission(Fire Fighting Schoslg

{1) loniring-Nuclesr, X-ay, UV {resctor propulsion, warheads)

{2} Nonionizing-Microwave, {radar} RF, ELF, £ Larens {communization, guidsrce
comtrod, naviption)

{3} Radcogical wasies




5. Pesticides--Pust Control

{1} Persistent
{2} Nonpersistent

. Noise Poliution

(1) Aircraft engines- onground service & test; flight operations
2} Aircrafy carrier noise environmeat
{3) Machinery, ele~*.onic equipment

f. Thermal Pollution of Water—Harbor area

(1) Ship Powerfpropulsion <ystem—Nuclear reactor & fossil fuel-Not considered a
Navy protiem in Harbor

g Land Fill-Solid Waste Disposal

B. DEFINED EP PROJECTS-RDT&E

1. Direct RDT&E--Water, Air and Noise Pollution. Table 2 is a list of projects
planned or underway where the specific £P problem is definat-le and a major portion of the
solution can be provided more suitably by RDT&E. To minimize duplication of effort
among federal agencies, and among the Na v 8YSCChiS/Bureaus, and to maximize the man-
power, facilities, and funding resources within the Navy, an attempt was made to determine
the cognizant or major responsible federal agency or Navy activity for each project.

TABLE 2
DEFINED DIRECT RDTAE EP PROIECTS
Respondent
a. Water Pollution Activity
(1) Oil Spill Countermeasures SHIPS

(a} Bilge oil/water separation (Bilge pumping) SHIPS
(b} hallast ofifwater separation (Deballasting) SKIPS
(c} G i water monitoring & measurement . SHIPS
(d) Fuel tank filling alann SHIPS
e} Fuel tank cleaning SHIPS
(f) Slop off containment & disposal SHIPS
{g) Jet fuel (JP-5) Coslesceler/separator

purification for Navy oifers SEIPS
(h} P-4 & AVGAS pumping/recovery system

{nonexplosive)—in salvage operations {SHIPS/SUPSALY)
{i) High speed off pumping/recovery system

in salvage operations {SHIPS/SUPSALY)
() New design of Cifers (appl. to NAVSHIPS 2 MSC!) Depts, of Commerce

& Transportation
{2) Qil Spill Countermeasures—-HARBORS

{a) Oit Slick Containment

1 Booms, Pontoons, Air Buhbie Fommation FAC

2 Chemical Monolayers ONR

L ¥ormerly Military Sea Transportation Service
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Respondent

Activity
{b} Oil Stick Recovery
1 Skimmers FAC
2 Polymers FAC
3 Oil/water separation FAC
{c} Oil Slick Combat Technology Special Teschnigues
1 Absorbents (being conducted at Navy Lab) Dept. of Int, &
Transportation
2 Sinking Agents Dept. of Int. &
Transportation
3 Combustion Dept. of Int. &
Transportation
4 Chemical Dispersants Dept.of Int. &
ransporiation
5 Biological Degradation Dept, of Int. ONR
{3) Qil Deballast Faciliites—ASHORE SUP/FAC/MSC
(4) Sanitary Sewage Holding/Treatment & Disposal-AFLOAT SHEPS
{a} Boats and small ships (<40 man) primary treatmeni
(b} Submarines—-Holding Systems
{c) Destroyers—On-board treatment
{d) Large ships (AS, CVA)
1 On-board holding system—pumping to shore sewage
system or to barges
2 On-bosrd treatment system
2 Biodigestion
b Chemical treatment—digestion, oxidation -
flaceulstion, antisentic:
¢ Mechnical-Filtration
¢ Flectrochemical~coagulation, flotation,
oxidation, antiseptic
€ ‘Thermal-incineration, concentration, evaporation
I Membrane techniology—~reverse osmois etc.
(5) Sanitary Sewage Holding/Treatment & Disporal-ASHORE FAC
(a) Advanced base wasts water treatment & disposal (same as FAC
d22 to d above)
{b} SHORE based-nilitary construction projects FAC
! Nasy—Better than primary treatment
2 Tomnection to mymnicipality svstenis
(6) Indusirial & L ol wastes—AFLUAT  ATHORE
{a) Electroplating ALL SYSCOMS
{5} Chemical cleaning ALL SYSCOMS
{c} Submarine battery eleciolyte Lot'>1 - Lk ALL SYSCOMS
{d} Photographic chemicals
1 Recovery of silver ; eonsermtion
2 Recovery of water of
3 Recovery of chemicals process rewources
{e} Aircraft anticorrosive rinse AIR
{f} Alrcraft cleaning & paint stripping-maintensance AIRJFAC

SO o S e S R P - .
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Respondent

_ Activity
{7) Other Water Pollutants
{a) Gailey wastes SHIPS/SUP
{b) Carbage SHiPS
(c) Radiological wastes—radioisotopes SHIFS/LASS
b. Air Pollution
{1) Aircraft Engine Exhaust/Emission AlR
{a) Visibie smoke elimination AIR
1 combustion chamber redesign
2 chemical additives
3 ftesting methods
{b} Chemical emissions
1 carboa monoxide
2 hydrocarbons
3 sulfur oxides
4 oxides of nitrogen & their anelytical
instrumentation AIR/FAC
{2) Ships Coatings SHIPS
{a} antifouling paints—ketones & aromatic solvents
(b) asbestos lagging
{3) Stack exhaust SHIPS/FAC

(a) smoke & chemical-emissions (incl, measureiments)
{b) destruction of classified material SHIPS/FAC
(c) Eleciric motor averhaul—incineration

{4) Ordnance material {normally disposed of by burning)
{a)} Pyrotechnics

1 reclaim, salvage
(b) Explosives
1 reclaim, salvage

2 biological degradation
¢} Propeliants

1 Toxic propellant testing—berylifum, boranes, etc.
{d) Otto Fuels (Torpedo)

1 Purification/rework

¢. Noise Abatement. These problems are described in greater detail in other sections of
this report, and where applicable; together with technical approsches that have been
proposed for solution of the problem,

2. Indirect RDT&E EP Program. Problem areas which are being addressed by the
Navy but are not a consequence or ditectly attributable to recent Navy EP-policy per se or
Presidential Executive orders, include:

i o A, o
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RADIATION AND PESTICIDES

& Radiation—(BUMED, SHIPS, FAC, ORD, ELEX, ONR)

(1) Ionizing—(Nuclear, X-ray, uv). This subject is adequately covered by in-
structional niles, and reguiation documentation of the Atomic Energy Commission and with

the policies and guidance of the Federal Radiation Council as published in the Federal Register.

Pollution problems related to Naval Nuclear Propulsion and RDT&E conducted by NAVMAT
Laboratories are further encompassed by “Radiological Controls,” NAVSHIPS 389-0153
and pertinent National Bureau of Standards Handbooks,

{(2) Nonionizing_—(microwave, radicfrequency, extremely low frequency, IR
& visible lasers). Problems related to electromagnetic radiation of Navy electronic systeins
“are covered by the following:

{a) “Technical Manual for RF Radiation Hazards” SHIPS 0900.005-800.
(b) “Electronics Maintenance & Installation” SHIPS 0967-000-0100,

{c) *Technical Manual for Hazards to Ordnance, Personnel, & Fuel”
QP 3565/NAVAIR 16-6-5-29,

{d) Although related to pollution control and abatement, a separate pian
has been generated by the Research Division of the Bursau of Medicine and Surgery, supported
by cognizant naval organizations, setting forth a general approach to the solution of Navy
and Murine Corps personnel exposed to nonionizing radiation hazards. This proposed bio-
medical hazards RDT&E effort is 2 ¢~ nsequence of the safety concern of operating personnel
in the environment of the more powerful aircrafi guidance and fire control radars, satellite
tracking and communication equipments utilizing devices which operate in the electromagne-
tic spectrum range, from I Hertz to the near ultraviclet, (extremely low frequency (ELF)
radiofrequency (RF), microwave, IR Izsers, eic.). Therefore no atfempt was made to include
this area in. R&D requirements specificaily for pollution control and abatement.

 b. Pesticides—Pestcontrol

(1) For pesticide control, the following pertinent documents are cited:

{8) DOD Directive. 5154. 12 of 21 August 1968 —~establishment of Armed
Forces Pest Control Board

{b) SECNAVINST 5430,54A (BﬁMED-‘?ZZZ) of 7 January 1970—outlines
pest coniroi responsibilitics and functions of Navy offices, bureaus, :.d commands, “estab-
Hshes policies to-provide maximum effectiveness, efficiency, and safety . pest control
operations™ - .

{c) NAVEACINST 6250.12 of April 1970—establishes policy on the use
of persistent pesticides at Navy activities,
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(d) ASD (Manpower and Reserve Affai) Memo of 28 /pril 197 0—curtails
and specifias use of the persistent pesticide DDT, to be followed by disposition instructions

for excess/surplus supplies.

{2) Conferenice was held with Mr. Hutton of NAVFAC (10133) who is pres-
ently chairman of the Amied Forces Pesticide Control Board and Capt, McWilliams of

BUMED (7222) regarding pellution control of pesticides, A presidential cabinet subcommittee—

Pesticide Working Group was established with three immeodiate objectives,

{a) Provide federal policy on hazardous pesticides.

{b) Establish a national training program and recognition procedures

{training before procurement and dissemination practices).

(c) Establish state and/or federsl standards/procedures for administering

pesticide disposal.

{3) In this Group five working panels were establiched fo deal with progmm
review, monitoring, research, safety (disposal), and information. The safety/disposal panel
has the greatest impact on environment quality control. On ths basis of the above, it is not

recommended that the Navy initiate any RDT&E project in this area.

3. Non-RDT&E EP Program. Examples of pollution problems which are either of
no immediate concern fo the Navy, or are being handled by procedural modifications or
cooperative arrangements with local communities or mpom} ‘districts are those of Thermal

Poi!umn of Watermd L:v ul Fsll Qprztxms.

a. Thermal Pollution of f Water is: mainly concemed ‘with-the marine bwlogzcd

effects and adverse atniosphoric conditions (fog, #mog) produced by the-increase in-the tempera-

ture of sivers, laKes, cte., by water coolant éfflients. “Tie prifie contributory cause of this

poliution is the heat generated by power: gsneraton, espmalty those-utilizing nuclear veactors

which normally operate near peak capacity. For Nivy purposes; this problem is relited os-

sentiaily to zhips in port. Whether utilizing nuclear reactor or fossil fuel for power and steam

generation, Navy ships in port utilize only a refatively small fraction of thelr own capacity
and depend primarily on shore-based sources for electrical power wid where practical, for
steam. The thermal problem & is not one applicable toopenséas; where Navy ships operate at

full power, and thus can de considered only as mimror nonexistent. It is conceivable though,

that where many ships are berthed or nested in‘a port at one timé; a syvey could quantita-
tively determine the extent of the problem, if any. The problem of thermal poflution-of
water can thus be relegted to those private utilily operations {in New England, Florida, and
Long Iﬁand N .Y .} using &r building bxsﬁ power nuciear reactor facih&e& :

B. Land Pollution. Navy and’ MmeCorps dxspo;e of their dry refuse'and garbage

in s varisty of weys depending upon location, availability of municipal or contract disposat

fachities, on-base sanitary landfill, and the type and volume of waste.

Thus; because of Cali-

fornia laws, gatbage from Navy-ships must be “cooked™to be'buried taw in-their sanitary

jandfills, Asin the case of Naval Ordnance wood dunnage, thes ecovery,; sste, snd reuse of mate-
rials are common practices whenever practics! and economical. NAVFAC has been involved in

most landfill operations with minimal or no RDT&E required for compliance with existing

local or federal regulations,

o e e e 2
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fil. WATER POLLUTION

A. OIL SPILLAGE/DISCHARGE

1. Problem Definition—Phases, Cleaning up an cil contaminated area . 2 con-
suming, difficult, and costly. To cleanup costs must be added the costs of the oil invasion
itself; destruction of fish, and other wildlife; damage to property; contamination of public
water supplies; and 2 number of material and aesthetic losses. Whether due to mechanical
failures or human carclessness, corrective attitudes, procedures, and equipments must be ac-
quired, The oil pollution problem can be subdivided into six (6) phases:

a. preventive measures

b. containment of oil at source when accident occurs

¢. removal or recovery of oil from within the containment area

d. treatment of the oil that spreads beyond the containment area

e. efficient and rapid separation of oil from water (recovery process)
’=f. ecological and meteorological facters

The Iast item is in reality-an-ancillary problem—related to the selection and effectiveness of

the corrective measures adopted. Ecology determines the acceptable materials/chemicals/
procedures that may be used without significant damage to biota and marine life. Meteorology
can be ured fo predict the direction and speed of movement of oil slicks, the wave turbulence
which affects the integrity-{and dispetsion} of the oil slick, the thickness of oil film, etc,

=% Scope and ‘Responsibilities—Federal Agencies. Asstated in OPNAVINST 3120.27
(18 Sep 1968} “ihe primary responsibility for mobitizing personnel and material resources
against major oif poilution hazard rests with federal departments and agencies other than the
Navy Department.” This OPNAV Instruction, based on Public Law 80-513, specifies the
responsibilities of the Ship Salvage authority of the Naval Ship Systems Command in coping
with a potential pollution problem involving a U.S. Navy vessel, “and a public or private vessel
at the request of competent authority.”

The fedemi agencies with defined responsibilities for oil pollution prevention,
control, and abatzment are listed as follows:

‘EPA-Environmental Protection Agency, formerly FWQA (Federal Water
Quality Administration)—-Dept, of interior

-G8—{Geological Survey)—Dept. of Inienior

Cri—(Coast Guard}—Dept. of Transportation

Office of Emergency Planning

Corps of Engineers—Dept. of the Army

Maritime Administration~Dept. of Commerce

The basic responsibility for surveillance, prevention, and cleanup of oit spilis
is vested in the CG and EPA.
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a. Public Law 21-224, Comsistent with the National Contingency Plan required
by Public Law 91-224, “The President shall issue regulations consistent with maritime safety
and with marine and navigation laws.

“£1) Establishing methods and procedures for removal of discharged oil.

“{2) Establishing criteria for the development and implementation of local
and regional oil removal contingency pians.

“(3) Establishing procadures, methods, and requirements for equipment io pre-
vent discharges of oil from vessels and from onshore facilities and offshore faciiities.

*“{4) Governing the inspection of vessels carrying cargoes of oil, it is further
stated that ‘each such department, agency, and instrumentality in order to avoid duplication
of effort shall whenever appropriaie, utilize the personnel, services, and facilities of other
Federal departments, agencies, and instrumentalities.” ”

b. EPA

(1) There is also established an Interagency Oil and Hazardous Materiai-Re-
search and Development Task Group a¢ sn ad hoc group of the National Contingency Plun
and an Interagency Agrecment between the EPA and the Department of Defense. Certain
responsibilitics emerge clearly as predominant from various agencies; some appear quite hazy,
and in others, duplication is evident. ‘Thus, EPA as the czar of water pollution, has the major
regonsbﬂm*—-suppomns R&D in chemical treatment (oil refineries, etc.), setting standands
for water pollution; spproval of dispersants, RDT&E of techiology. and equipments for con-
finemient and recovery.of oil spilly: mﬁymm ~waters, an oit! mree-identzﬁcama
system, and treatment of contam;aated ‘beaches {skorehnmhon techndxy) ;-,:~.f :

{2) It isalso the mrespeaa&lity of EPA to provide f‘mmai assistance
{grants, etc. Y to local and’ mhwtem&mmmm mm’ﬁﬁm
and to negotiate P&D contract= with industy. fotMmmtechnﬁosy and systemsim'_
the pfmnma, contfo: and abatemcnta£ mte:poihﬁon. e )

c,Dapammto{?mmmuCo&&mé . . o

(1} The Codst Guard’s major respomz’bﬂity sppurs in the mawroii spﬁ!&
it covers control aad cléanup systeénis; and law enforcement; the deyclopmentoof lightweight

and heavy-duty booms for confinement of spills at open saran sit-(helicopter) postablé. oil-

recovery system for use with stricken tankers which inciudes power supply, high capacity -
pumps; and p!mp:[eig!mc inflatable Bag-tanks which float on the sea SuTiace o fective
the oil. 1t also covers sirborne detection and surveilisnce of vil- spills, remote slick thickness
meagrement, and a collective term~Yoil spilt combatam zm&mhy“mv’mg the follow-
ing components or specis] techaiques:. ) :

(a} Hechamcai Coﬁta;mt~bacaﬁs, gcﬂm, e!c. w

{b} !r!aci'mmcai xzmoval of mery—mn, azcnon éew«es
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{z} Physical Sinking methods—surface-chemically (hydrophobic) treated sand,

{d) Chemical Dispersion—toxicity of dispersants (mainiy surfactants)
especially (o intertidal fauna and florz provides a basis for controversy for use.

(e} Physical Absorption—inorganic {solid and porous) and organic (natural,
synthetic polymers) matenals which can absorb oil up to 40 times the weight of absorbent—
also an aid in mechanical removal—considered more efficient for harbor arcas or calm waters,
and for thin to moderately thick oil slicks.

$)) ggrpbustior_x—buming more effective on fresh and higher vapor pres-
sure oil slicks tn calm waters—not very effective for open or turbulent sea - possibly augmented
by wicking and/or oxidizing agents,

{g) Biological Degradation—use of natural marine environment micro-
organisms and/or biological seeding with selective bacteria which are capable of metabolizing
oil—a slow process that may be accelerated by nutrients and catalysts.

{2} With the Maritime Administration (see subpar. d): Design tankers to
minimize spillage.

d. Department of Commerce—~-MARAD

{1} MARAD with the Coast Guard is involved in new design of and method-
ology for use with tankers to prevent or minimize oil spillage. Thus, the purpose of MARAD's
Ship Containment Systems Support Plan is to “investigate and develop ship systems for con-

. taining spillage ofpollutant cargoes in the event of ship grounding, collision or other disaster,
- submerged or surfaced.” Among the alternatives, the following were listed:

(b) elastic tank liners.
. (c} exphﬁfély omxtm: mli-mounted booms. {It is of interest to note
that Mﬁshrs! Sea!zi’t Command (formerly Military Ses Transportation Service (MSTS) ) tanker

dmmnmﬁmitmm t‘onankerstocanyboems.)

e qa) geﬁingasemsto be.added to oil when spillage is threatened.

(2) Oii pol?":xon abatement R&D the Maritime Administration has a maior
mponse‘bmty for the fcﬁmng two pm}ects rtiated to bilge pumping and deballasting:

(s) Reeearch, deveIOpmnt and cvaluation of oil/water separators (debal
last flow me up to 696 gl]mm).

‘b} ‘Research, developmnt and evalkuation of monitor and measurement

. sysfems of oakn-the-water effluesiis of oﬁy water separators,

. (1} An av;ime of !éARAD sp!anneﬂ marine poilution abatement R&D pro-
gram includes the foilowing:

It
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(a) Determine equipment requirements and develop necessary hardware
for existing trade route ship designs (other than special purposs},

{b} Determine environmental problems associated with wasiz disposal in

the arctic environment and develop pollution control systems for processing or disposing of
such waste.

(c) Collect and analyze ocean environmental-juality data,

{d) Analyre requiremments and develop specifications for converting re-
serve fleet ships into community waste processing plants and oil-spiil cleanup facilities.

e. Department of the Army-—Corps of Engineers. One of the earliest exampies of
federal legislation concetned with pollution of navigable waters, especially by dumping of
wastes (sewage, oil, chemicals), is the Rivers and Hasbors Act of 1899, The responsibility
for rules, regulations, and enforcement was part of the charter of the U.S. Amny Cofps of
Engineers. To date, this activity is involved in various harbors throughiout CONUS,; eveii in
the largest ports as in New York, providing pesmits for dumping of dudge, exacting penaltie:
{fines) from industrial concerns for oil and other chemical dumping into rivers. The Corps
operates many dredges for navigable water maintenance and modification. Ifs rolein pollu-
tion and resources conservation is a very impc. iant one.

f. Department of Housing and Urban Development KHUD) A hssxs, water and
sewer grant program with its $500 million 1971 buéget This ymgrzm et zss‘dereé an m*e—-
gral part of its n:ban development program. _ T j‘

g: -Departinent of A;mu!ture—-ﬁw mﬂkon watefamé waste
progran. e s i i

h. Department of Commerce—lfs Beommic Sveloph 'tAdmm:st:atwn ééﬁ*éi;

program,

3. NMaval Responsibilitiesand . Reqmmmems-ﬁaiiérmsi)ﬁk. Nsvai Sea- Fm&cr

Comnanders ana Naval Distiict Commandants have béen directed to maintain’ adequat&faﬂzh-:

ties, equipments, and capabilities for. coping with limited oil spills &_ieﬂeatto fotine
ship, shipyard, base, ind facility operations. NAVSHIPS through Supsii
(SUPSAL) is tasked with the same responsibilities incident to ship saivage optrations: NAV=

FAC {Naval Facilitics Enginetring Comiaiid) ﬁreqsmsbic forproviding psto-date technicl

information on procedures, chemicals {especially whers and when @émmed ior use) and -~
equspmmt for. inﬂm oﬁ spill incidents. - .

'}'he N&VFAC ruponsbihues fot mi spils stated in- KAVMATINST 62«*5 i
29 Julw 1959 srequite vague, with their scopenot mteﬁa& to’be restricted 1o pfeudmg
technical information. Such indeterminate task might be misconstrusd:ass: technical data-~
information “retzieval and dissemination” responsibility. A more realistic mterprctzhon af
NAVFAC responsibility s to support appropriate RDT&E felsted’ ‘to:the fuitin: phiases

problems of oif poifution control {subpars. 1b;ic; td, and Te W;cmcted:mﬁéé—- 2t -

coordination and cooperation with the other responsible fecers! aggncies and private mdustry
{petroleum products, oil equipment-msnufscturers; etc’} s0'ihat hgval sonddctivities will -

achieve and meintain, as rapidly and economicatly 26 possible, the most: éééquite csyaﬁhty e

ntendent of:Salvage- <

e———
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in personnel, equipment, timely countermeasures, and procedures for coping with any poten-
tial or existing o spill in the shore aress {(not open sca).

a. State-of-the-Art and RDT&E Requirement Surveys, Several important studies
have heen madé recently to determine the magnitude of the oilspill problem and to survey
existing capability and state-of-the-art, foliowed by a cost effectiveness analysis of eguipnient,
materials, and {echniques for control, confinement, and removal of the spilled oil.

(1) Under NAVFAC administration an in-house, on-site suevey of East and
West Coast Navy harbo*s was made in 1968, followed by a cost efiectiveness study under
contract io Battelle Northwest Laboratories completed in August 1969, This study empha-
sized the need to develop oil containment and removal equi; nent, chemicals for oil-poliution
controf {dispersant use must be approved by EPA), and cceanographic factors affecting oil
nollution in harbors.

{2) A. D. Littie, Inc., under contract to the Coast Guard, prepared 2 fairly
comprehensive two volume report in June 1969 on “*Combating Pollution Created by Gil
Spills.” Volume | provided information on the state-of-the-art and available methods and
their basic technology with effectiveness rating of each method. However, as the report indi-
cates, the evaluations of the different technigues were not based on definitive empirical evi-
dence, with little or no laboratory and/or field testing. Volume 2 proposed an R&D plan to
achiave near-term objectives and to work toward long term solutions. This R&D plan con-
sidered the following: -

(a) Optimization of existing methods.

{d) ﬂeveiopmnt of equxpment and procedures for implementation of
ave ,abk-teghnology § . .

(c) Basic research info the bhysics and chemistry of ol poilution to pro-
vide needed design information.
. ((f)_ Resea;ch on the operational and %ystem aspects of the corinbatént’ .

The R&D p_ian addrcssed ztse!f in large part to the scven (7) special techmques or compommts

déscribed eatliet, in.this section (1L A 2¢(1)) of the report {mechanical contaitment, mechari-
‘cal e cixcmtcai dispers:on, phys.cal absorption, physical sinking, conbusfmn, and bio-
M- ik ifaaggz}' -‘*' .

e (3) In addt*zor to these studies, several field experiments wcm recently con-
ductei with oif spﬂk (Sant&Barbara, Ca}xf Chevron oil well fire, blowout in the Gulf of
ﬁexx:e, anda deliberate spili near Boston Mass.). These experiments provided realistic
evaluations of containment and recovery equipments and devices, demonstrating the deficien-
cies of candidate oil booms, skimmers, and pumps while operating in three foot plus seas. One
item cleady emerges: manufactures’s claims of performance cannot be relied upon. For
exampie, the Kaia Filteation Boom (Kain Division of Starcross Oklshoma, Inc.) is selectively
permeabls fo wster, w:th one of the highost weight per foot ratios of the available booms.

The maenufscturer claims its produict to be strong enough for open sea use (Litton report page

-
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18}, yet it failed in the Chevron spill opératien (Memo fo, THM by COMNAVFACENGCOM
of 303 Mar 1970),

{4) All of the above programs, plans. and concepis demonsiraie that an ex-
tensive amount of studies, programs definition, etc., have heen collated. Additional studies
in depth do not appear warranted. These facts siso show that the federal agencies with major
responsibilities are investigating practically all aspects of the problem, anticipating that re-
sults of on-goin, rescarch, development, and demonstration in the {atest state-of-the-art
technology and equipment can provide 3t least short term solutions to the provlems. Addi
tional information provided by U.S. and U K. laboratorics regarding satisfactory natural deg-
radatior (nicrobiclogical, efc.} of oil slicks in the open sea {Torrey Canyon Disaster) will
decrease the imporiznce of certain special techniques {absorption, combustion) where shore

pollution is not a hazard.

b. Navy Requirements—NAVSHIPSYSCOM—-SUPSAL

{1} SUPSAL of NAVSHIPS (Code OOC) has the following capability of deal-

ing with oif spills incident to ship salvage operations:
Flow Rate
Di ameter @) (galfmin) HP
Submersible pumps 4 300 25
Surfacs pumps 3 140 —
Surface pumps 6 740 40
~ Surface pumps 10 1150 70

The surface pumps are dicsel engine driven and are not considered satisfactory for heavy crudes
in cold water, nor because of explosion hazards for AY-Gas or JP4.

{2} SUPSAL requires the development of proccdures fo permit defaeihg of
mersible pumps of hxgh flow rate capabxhiry (say utilizing 2 10° line} are also reqmred A
state-of-the-art survey would most likely be performed regarding the development require-
ments for impeller blades and seals that can be used for aif petroleum products (heavy crudes,
d:stﬁia* fuels, JP-5, etc.}, water-free o5 entrained water. Present pumps usually require
f‘hangmg of ungeﬁer bladt:s for. the pxmcuiat‘ t)cttoieum product. SUPSAL also utilizés booms
to contain cil spills, However, it is recommeénded that R&D efforts of the Coast Guard {open
sea), and NAVFAC (harbor) be utilized for boom and other containment dévelopment and
effective coordination be encouraged to permit timely and effective test and evaluation of the
dev ﬂopmental items in SUPSAL o;}eranons. (Here again SUPSAL patticipation ir National
Multi-Agency Cil and Hazarécus Katerials ?o!hfmn \,crt.rgency Plan, at least a5 Deputy to

CNO (OFNAV-03) i is xecon'nemied )

C. NAVFAC SYSCOM

(1) NAVFAC iz in a unique pcmtmn in environshent protection (air, liquid
and solid waste discha.ges) for Navy shore actm*xes, inhiding noval bases, shipyards, etc..
where fueling, and nofmat shipboard opera.ions produce limited spilis and sccidental dis-
charges. NAVFAC, through LANTDIVNAVPACENGCOM, observed and participated in the
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{2} In coordination with ¢ he Cos

shauld be responsive 1o the x‘cd Owing raquireman

harbors:

(3} Establishment of valid design criteria and
candidate oil containment systems such as: volume, shick th
and dire mm, wt/ft of boom, physical strength of members, eic

1

{b} Containmen! system concep!: barge. towing, beom. bubble air cur-
tain; modification of NAVFAC pontoons, eic.
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{cj Technigues for mechanical concentration an
the water surface.

. Mechanical surface skimmers usually are <elf-propelied special duty
barges {efficiency dcpcno; upon thickness of oil {ilm on the surface) which removes the top
layer of oil by suction pumps, overflow dams, or scoops. NCEL Beport CR 70.001 St ci;.
of Equipment and Methods for Removing Oil from Harbur Waters” by Battells Northwest
iaboratorics, August 1969, recommended the use of suciion devices 23 most cost offectiv
tor mechanical removat of oil from water surface.

*F

2. Included in this requirement is the important project proposed hv
Mr. Ganett of the Naval Research Laboratory (NRL} and sponsored previously as ONR 6.1
effort. Using a chemical monoiayer spread on the sea surface and displacing the oilfwater
Biterface, contributes to greater confinement and flm thickness properties of the oif stick,
facilitating the containment and recovery frocesses. 1 is recommended that this ONR/NRL
effort be includes and sponsored as part of the NAVFAC solution 10 the off mma"’ rroblem.

{d) Oil/Water S:zparators—These concet and performance requiremenis
are significaniiy different from the bilge and bailast oil/water separation system develop-
ment (under cognizance of NAVSHIPS). This can be scparzte or part of the skimmursepata-
tor system. The later combination type uses hydrophobic {oil-abeorbent, water-repeliant]
clastomeric material with mechanical devices to recover oil/water mixture and drive off cx~ess
water. Requirements {or this of w separator would not necessarily be as stringent as that for
bilge and ballast ofw separation.

{c} Absorbents—~R&D effort should be restricted 1o fcriio ng the output
of EPA and Coast Guard programs. (G is presently sponsoring such R&D work at NSRDILL.
Minor eifort should be emploved in evaluation of such selected abw E} s in Cx: bination
with NAVFAC and SUPSAL oil containment/recovery sysfems inu
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aress, if a great danger of the oil being driven on shore by a prevailing wind exists, and no
mechanical means can be effectively employed, the use of EPA approved dispersants or sink-
ing agents may be eriployed. Oil would then move with water currents rather than downwind,

() Combustion—Not recommended in harbor areas.

(i) Biodcgradation—A major R&D cffort is ueing sponsored by EPA,
especiaily at Florida State University in the microbiol« sical seeding and accelerated degrada-
tion of hydrocarbons. A much smaller 6.1 effort is being sponsored and highly regarded by
ONR at Rutgers University, N. J.

4, Qil Discharge From Sbips {Limited Spills)-Problems & Requirements

a. Bilge and Ballast Pumping

(1) Oil discharge from ships can occur from several sources; viz., pumping of
bilges, deballasting fuel- or cargo-oil tanks, pumping tank slop, overflow from filiing of tanks
due to equipment (unreliable tank capacity indicators) or personnel failures, ana those from
more drastic action resulting from grounding, hull leakage, saivape operations, etc. Informa-
tion provided by NAVSEC also indicates that it is not unusual for ships, prior to entering a
naval base or shipyard for dockside overhaul, to clean their oil tanks at sea with MILSPEC
emulsifier/detergent followed by sea water flusi;, and the combined discharged at sea. This
operation is performed at sea to reduce the ship down-time in port, resulting in lc wer cost,
etc. Thus, aside from the accidental il spillage, poliution of water from shipboard-cil
sources is the result of more or less deliberate acts, contrary to the existing (national—50/100
miles from coast) and the proposed IMCO (50/100 miles) regulations. Directly related is
the probiem of inadequate deballast facilities at government terminals, worldwide, to receive
the contaminated oils from ths ships (presently being addressed by DFSC and Military Sea-
lift Command}. (The problem of oil spillage in harbor areas, aside from: samge operations,
under cognizasrice of NAVFAC, Naval Sea Frontier Conimanders and-Naval- sttnct Comman-
dants s described in section [II1A3c of this report. )

(2) Problem Definition, Objectives axz‘d Requirements: The-above problem is
thus resolved into the following aspects:

{a) Developraent and shipboard evaluaticn of oil/water separators with

cpecific performance criteria or standards related to bilge, ballast, and tank cleaning discharges.

(b) Developnient and shipboard evaluation of oil-in-watey measurement/
maositoring systems for the differesitial 100 ppm effiuent rate and/or the integral 60 liters per
mile discharge.

(¢} The systems to be developed should be relatively simple, compact, and
reliable, to be applied to any mixture of oil and water. It should be able-to handle a varisty
of oil characteristics, i.e., specific gravity, water-oil interfacial tension, viscosity, additive com-
position {extreme pressure, antiust, antloxidant, antifoam, etc.)-which would affect its
separability from water. In addition, the systen.. to be developed must be capabie of sus-
tained operation irrespectiz¢ of the nature and extent of oil/water contaminants—which
would also significantly affect both ihe separation and mowdtoring per  *mance.
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{d) The problems of bilge and ballast oil/water separation are in g fashion
of equivalent difficully. The main problem in deballasting (mostly fuels), in the high flow
rates to be encountered, Design criteria for Navy applications include 600 gal/min and 3000
gal/min for small and large ships respectively. 1t is important to point out here that the lower
requirement (600 gal/min) is identical to that of the Maritime Administration and the hard-
ware or systems to be evolved would be satisfactory to both; paralle! development is under-
way in the Navy and MARAD. Recent discussions with the U.8, Coast Guard has indicated
the fatter’s independent entry into this area of development.

(3) Bilge oil/water separation flow rates usually are below 25 gal/min, While

the flow rates are very small compared to deballasting, bilge oils contain a considerable amount,

and wide range of the viscous, additive-loaded lubricating oils with suspended-particulate
contaminants—~all of which would increase the burden of separation and moniforing. While

it is true that we have shipboard oil/water separators as with operation of steam turbine lubri-
cation systems, the situation js reversed (comparéd to bilge and ballast) in that the amount of
water in the oil is small, and to the best of my knowledge, no quantitativc measurement is
made to determine the amount of ¢oil in the heated effluent water. One item has been demon-
strated—the water treatment does leach out an extensive amount of the oil additives, causing
mandatory additive of make-up oil.

{4) Literature surveys copdiicted by the Permutit Co., in 1962, and more
recetitly (1969) by NSRDL, Annapolis, on the subject of oil/water separation—reveal that
practically all marine and industrial Separators depend upon gravity difference for separation.
No available techinology, alone, was deemed practicable for shipboard reduction of the oil con-
tent to points below the required limit. A combination of at ledst two distinct operations—
mechanical filtration followed by physicochemical treatstent devices along with some ~=proc-
zss module may be reqmred to reduce the oi' content of the water discharge be’~— the re-
qmred hxmt

 (§)-The'RDT&E progani-of oii/watcr Separation; and monit & mént
must address itseif to: the ‘problems listed above-—a vmetyof petmkum pmduct, with dif-
ferent compositiohs and forffiulations; many typés of hqusd #nd solid contaniinants, ouiwater
flove rites'snd sutges, relxabxhty and simplicity urdér shproard environméntal conditions;
etc. For the oil i water fiessuremént/monitoring device; ‘additional’ reqmrements include
rapid, accuratc, -anid precise detection; within close tolerances, at cxtnmelv iow oil concen-
trations.: Although MARAD Has been developing these two items for several yedrs—and ship:
board tests of one candidate system for each (separatxon and monitoring) are scheduled within
the next few-shionths with NSRDL support—tot-muich is-at stake to fely solety on this agency
development (this opinion is aiso shared hir Coast Guard, EPA  and Military Sealift Corimand):
ic is recommended that NAVSHIPS undertaxe this dual role utilizing where practicable the
resources of NSRDL: It is élso likely that CG ard EPA wourd provzde addzﬁonal suppert for
a'Navy sponwmd program.

- - b Fiél Replenismnent—Tank'Filling: ‘In fuel replenishment cperations, new
pressure-responsive probes have signiticantly reduced fuel spillage. Althtugh newer Navy
oilers are being fitted with tank alarmis, most of thuse in use do not have such operationai
systemis; relying instcid on-unreliable tank-fill indicators. -Itis recommerided that this situa-
tion be investigated by NAVSHIPS, with full coordination and assistance of NAVSEC und
NAVFUELSUP; and define the problem in fueling, thé magnitude of fuel spills, the state-of-
the art of tank-fill (electronic and remote) indicators and alarms feasible for sutomated
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fueling procedures to miniinize human error under various séa states or meteosological con-
ditions with sufficient safety factors to prevent or grastically minimize tank overflow or other
fueling difficuities encountered,

¢. Siopienk and Debaliast Facilities. To furthier reduce the probiem of oif poliu-
tion of water related to ballast oif/waier separation, the following items are recommended:

{1) Requirements for dlop tanks,

{2) Requirements for deballast facilities at governnient terminals world-wide,
Information on commercial facilities in the United States has been made available by DFSC
and MSC. DFSC is attempting to require suppliers to maintain shore-based deballast facili-
ties in order to bid on new oil procurements.

d. Tet Fuel (JP-5) Spillage at Sea (NAVSHIPS in conjunciion with MAVSEC,
NAVSUP, and NAVAIR)

(1) Background. In the process of fuel replenishment at sea involving AQ
“oilers” and aircraf? carriers, existing practices reqult in dumning of millions of gallons of
the fue! into the open sea. This was discussed with and confirmed by many codes—NAV-
SHIPS (PMS-383, 422, 427), NAVFUELSUP (40), NAVSEC (6101F, 6154D) and NAVAIR
(535). It was estimated that 36 miltion of 3P-5 fuel is lost annually in this mannes. Accord-
ing to records of NAVFUELSUP (41}, one oiler dumped 20,000 ‘bmels (840, {}9{} gallens)
overboard in one month alone. It should be borne in mind that the fuel cost does not include
Navy transporiation ¢osts, handling, storage, etc., invoived in iog:stscs

: (2} I‘he pmblem of water.m jet fuel ami its catastmpb‘c effect onjet. engine
performance af higher altitudes (where lower temperatures cause dissoived wates tosepyrats
and free water to freeze) has been investigated by NAVSHIPS and NAVAIR for the past fif-
teen or. sgxte on yeass. The development anchsta.Iatm of waimfﬁite: campanents for

fuel.. Presmst specs cali for. “cisaz and bngh* ﬁusd "a. mtgem\'e appmsai ami sn AEL
detector on:the carrier to determine fre»water conttmt. Fres water maximum is thus setat
30 ppm and: -guspended solids or. pammiates at.10 mg perliter. ‘The water content.of the
fuel can vary from. 6-106 or.more ppm {depending on fuel tempergture and composition
vanatsms) while turbidity would depend on: iz and number of dispersed:water. dro;slcts.

(3} ‘ﬁ:ezsam mazfﬁﬂent centamm mt tanks aboard oiiezs for. watemntanu ‘
nated. fus}s——{allow fo: adequate water sepmtmn and.use of supenataat faa} :

(4} -Prior. to th 19 Liay i9”€3 meetmg ut Herfelk he;d under ansgmﬁ of CQM-
AIRLAR’{ and COMSERVLANT, ths potential of the problem of Suel dumping was increased.
by AIR's arbitrary setting of 15 ppm froe water {which can be more reliably mmxtoxed by
the AEL dstector). However, it appears-that this new position wes revc:sai and zhe older
concept of “clear and bright” fuel will still be scceptable.. )

‘ {5) Although JB-5 fuel has 2 cqnsiéegabiy higher vapor préssure than crudes
or NSDF, it is still a fuel off and is a pollutant covered by the PECU agreement of October
1969, which President Nixon recently requested the U,S. Senate to ratify, This would pto-
nibit the dumping of the fuel within the 50 mile limit.
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{8) Probiem Definition ané Requirements. It is conceivable that the follow-
ing problems cught to be delined, requirements established and responded to with an appro-
priaté RDT&E project established to ameliosate simultanesously the technical and supply as-
pects of the problem-—g combination of pollution prevention and economy messures,

{a3) State-of-the-art of coslescer/{ilters for separation of JP-3 from water
{fvesh and sza).

(b) Quantitative and qualirative criteria that are realistic and scientifically
mezningful {rather than arbitrary) regarding free-water content of the fuel—(clear and bright
cencept, limitation of free in accordance with tempersture, etc.).

(c) In defining the problem, to answer the following:
1. Is the free water “sait’ in nature?

2. ldentify sources of water contamination—condensation (in fuel
lires, etc.) accidental leakage in tanks, shipboard fueling practices.

3. Renquirements for design and capacity for containment tanks for
-contaminated fuel. How much fuel must be disposed of before acceptable quality fuel can
be delivered to the carrizrn:

4. Whot is the “condition™ of JP-5 stored in the carriers’ tanks? Isits
fuel equal {o or hetier than the fuel it refuses to.2ccept from the oiler? (Especially when its
own tanks are baiiasted.}

the Cu/Ni pxpmg system, gxmformeﬁon, etc., its.solution is- beyemd ﬁk’ scope of
this mvemgat:om

PRaRS =

e Used I&;hncant Di&posal (Reciamat:on‘!

(1) The-Mayy; 85 with other- DOD: services, utilizes an extensive amount and
va:ie*y oiiubmmta. Lhor. ;etmcraft the eXpeniivesynthetic ester (nonpétroleum) hibsi--
cants are used, and steam furbine oils and diesel éngine lubricants are used.for ships. Gasoline

" powered vehicles and genefators have other petroleum lubricants. Each system requires make-

ugrjmqwnﬂy "onomgl by regulatmaintenance.and-draingge of the lubricant. Previous prac-
ticss involved dumping;: hammg, spraying on earth or sandy roads, etc. In view of the pollu-
Hon contmi pmgram, mest of these practwes are fmindden

PR EE

(2} g.guameﬂt, It is recommem}eﬁ that asuney.be unt;ated (NAVSUP,
NAVFAC) rezardmg existing practices at naval bases, stations, £1C., and iuvestigate ihe fes-

sibility {technice} and eccﬁmmcai) of refinement, reclamation, reuse, for the original purpose,
or by-chemicz! treatment to convert the fubricant-into-a useful product for other than lubri-
cation purposes. Therequiremontiin.essence is threefold:

(a) to define the probiems quantitatively,
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{b) to develop methods for reclamation, reuss or resale, and if not feasible

{c} to develop means for disposal of lubricanis without of with minimsi
pollution problems,

B, SANITARY WASTE TREATMENT AND DISPOSAL SYSTEMS (FOR BHIPS)

1. NAVSHIPS On-Going Bffort

& The development of a candidate shipbosrd sanitary wasts trestment and dis-
posal system for U.5. Navy hias been underway for several ysars, The RDT&E effort hes been
conducted by NAVSHIPS and NAVSEC with faboratory assist from NSRDL, Annapolis, for
three applications, viz., boais or small ships {40 man unit}, submarine (study only), and larger
ships (destroyer and tender) for 175 and $00 man uvnits to meet existing U S. Public Health
Standards. Prior to proceeding with a description of the processes and technical problems
related ¢o shipboard sanitary waste {reatment and disposal, s bmf description of NAVSHIPS
or-going effort and its impact would ve beneficial.

b. For Smail Shipg, three approaches were stuéieﬁ
{ (1) Culorinator-macerator—a combitiation of macmttsa for dispersion of-
the sofids followed by hypochlorite injection for biclogical decontamination—describéd in
IéiL-S—ﬁZGiB March 1978
) mcmokt”»glecmcaﬁy evaporatas wam ’sster aad minmm mﬁd&
(2) “Jot-o-matic”~a poriable mﬁrﬁﬁa&o' ‘zné ﬁush'sym whese apm

principles consist of disinfection of wasteEhd ¢ ithide "_ éﬁiéiaticn
chemicals. ﬁcﬂecftheiocveappmachesmdsem&i: faetory. " = 7

c. For Larger Ships, two an-bwd treatment Wesmbcm mteé
and evaluated: It

mdxﬁ@amgtoem ‘,_, RN

{a} intewﬁptes fo; segsraﬁaa sm@a @:m ﬁsfm tl:ec ﬁuﬁx ﬁmﬁ
at entry into the umit. - . 2

{b) Fmﬁz«ﬁoutor (afsc cal‘ted »hiomﬁctaton-—eéecmiyés ofsea waier
produces-tWwo gaseous prodacti<chloing for éz&zfecém iﬁé cxﬁsamn csf“ snspemed sﬁiais,
and hydrogen that enhances flotation-of so!:&s: R

{c)- Inmerstof--ﬁm& ﬂotzﬁm ﬁaes ars ;omed with mteweptnf so&fs
and incinerated. The liquid effluent from diischioro-florator snd sump tank'is dumped:over
This system, designed for U.S. Pyblic Health Service (USPHS) standards, may 50t meet the
anticipated (January 1971} more rigorous Department of Interior standards. Units have been
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installed on USS FISKE (DD 842) and a submarine tender—-USS CANOPUS (A8 33}, Al
though limited evaluation indicated mesting of the PHS standards, the system fo date has
proved te be mechanically and elecirically unreliable. In addition, restrictions on discarGing
paper towels into the commaies are necessary, and long and tortuous piping paths that pro-
duce slurries or comminution, reduce he solid sep: -ation capability of the interceptor. Nego-
tiaticns are currently underway between NAVSHIPS and the contractor regarding redesign,
establishment of performance criteria {reliabifity, maintainability, and supportability), and
modification of sysiem components. Poor reliability preciuded the preduction of significant
dsta to determine efficiency of sanitary waste treatment and effluent quality.

(2) The FRAM System is an adaptation of the well known biological-diges-
tion, activated-sludge method of sewage treatment. The system consists of the following com-
ponents.or processes:

{2} Activated carbon filtration.

{b) Extended aeration, biological digestion,

{c) Biachemicai waste sofubilization. s
!d} Q“hiannm of effi&ent and pumping overbomt.

whﬁethepmpie s valid; the system has dmonstﬁted 2 tenéeney to clog in the activated
szrbon beds.No further significant effort will be pursued by the Navy,

d. For submmnes—-a NAVSEC study contract with the Blectric Boat Company
resulted in‘the e -of & holding system on board followed by discharge of the
wast: to s!mrc .'zwage sgstems or by harge

fc 2 R e;“A‘Nﬁ‘JSHI?S cenmct mﬂz mg&g Rmch Corporzt:oa resulted in
> thetecommendation:of an-on-bioard holding system to. be followed. by penod;cai removel by
- -‘barging or pumphig to shore treatment plant, Efﬁczeacy of a holding systern can be erhanced
* by increased holding capacity (ogdixsaam of the kddmg pcnod} by mcorporahon of cne
or more of the following ccnoepﬁ

R (I}Remm“&nmmmm

“ir - - (2) Recirculation of flush (as in sireraft systems) wnemtﬁefﬁtﬁd is masked
bguéyemcra deedoﬁni. - T

B (3}Re&u¢=év0}meh0mxxgsym whcmc:memtraﬁoaeithc ﬁmﬁ canbe
‘t:ma,i by ég&ﬁf&a... uitxafiltration, ste.

2. 0&&%?&69'31 Agency Efforis

. & ")q:& tmanis of Army and:Inte.ior -While the U.S. Navy has been the first
agency involved and responsible for development of shipboard sanitary sewage treatment and
disposal systems, other agencies haws since entered the picture with scparste development
programs, Thus, the U.S, Army (Corps of Engineers), in cooperation with Environmental
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Protection Agency has 1n extensive research, development and demonstration program {eight
projects simultaneously) currently underwsy, These are listed briafly as follows:

(1) Fiferator Unit—-extended aorobic digestion sysiam for 3040 pcrsom}a}

{2) American Ship—""Biogest’'—also an extended aembxc digﬁtwn sysism far
85-10S nersonnel. (Both units above use sgtiling or holding tanks with chiorinalion:}

{3} General American Transport—GATX —Similar (o axchaftfyswmsracsmﬁa-
tion of flush, evaporation of fluid from dudgs, chemical 2 .ntxsepuc an& éwdomt for 30
personnel.

(4) Micro-Floc—filtration system using rmltzple tubes wzth a?wated charwa!
filtration of solids and transport to sewage dispossl system.

(5 FRAM—-bzodsgcsﬂon system with Lharcosi ﬁkﬂr beds described in NAVs
SHIPS section 1.c.(2) above, o . -

(6) General Blectric Compasiy—Electro-coagulator=-a novel approac‘z ingialled
{August 1970} aboard the 370 foot U.S. Ammy Dmﬁw—GERZG«:cmmadaﬁng Fh) peﬁ:m- ’
nel, The system consists of a grindef or macerator producing 2 thickdurry. ’ﬂmsimw is T
fed to an electrocozgulation cell where accelerated flocculation reduces sett&mg tmm toone
hour, ‘The studue Lscvaporale& and can'be: Ezémntsaﬁiks tm;i"“if -4t} :'ﬁiesmterefi}aent

. ) ?a!lCmponmn-—dezgem systcm~a kﬁtmg"s‘g:tcm o
. wﬁmﬁ%c&ﬁm w«mgufethe ﬁciegmi m“itxmm tono!

Went. Apgroimat&yim mo&imm or mmm:zé
Engnee:s!ﬁ?}l to improve the. Msyam g

H

foszmadetabiepapﬁaf&snamox the. Fms Thus,th:ssystsm ‘#:ﬁ:

~yiitlots compenent Mot G ,mbeingénmmyf thiy N

funded by throe federal sgencies. The Coast Guard hamtbmmm%ﬁm I
. perfemnceméiﬁsdoﬂbzﬂﬁxffuﬁmm:smm However, at the time of thit
By © writitig; the Coast Gasrd his prepared s REP-(reguest for'progosal)-for two altemate ap-
prosches~RD&D mﬁx&m&uhﬁhﬁm&mtﬁcﬁu{mwmﬁ
planned projects. Another project being conducted jointly between the Cosst Guard and'a-
contracior, VALDESPINO, involves an serobit digestion sysiem:: ;iﬂho@ﬂmsystem to.
daze‘mzk seven! ﬁu’“&ﬁnﬁ of modsﬁ:aﬁons, does: notpomss adeqhste reﬁabshty, ;ts peP

‘ ‘.“
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3. United Xingdom—Ship’s Sanitary Sewage

a. For many vears the UK. has placed resirictions on the iischargs of aw 52
age int= Hlie waters of the Port of London in England. Information obtained from the Bntssn
Mavy Staff, Wasi*ﬂgton, D.C. indicates that a biological digestion sewage frealment/disposal
system is in operation sboard an Austyalian frigate. Another biojogical system called “Defe-
camat” is presently being installed (recirculution—fiush and chemical {reatmeni—Holding
System) on the British frigate HMS RRISTOL; ship’s completion or launch is scliedeied for
November 1970, This same system was proposed by its British contractors, for installation
on the DX/PXG ships in 1967, The 300-man uxnit, manufactured by Porter £ Co. Lid., was
guarsritzed to produce an effluent which was squal or better than the USPHS standards {same

as {or PM unit), The loading for USN chips is ennsidered by UK. to b2 double the loading
for Mﬁﬁg& -

b Qpecxﬁcatmas of the Defecamat include the following:
Sﬂﬁman unit -

Byﬁr:eﬂu leed fW.L, and urinals only} 3100 Siﬁ,“

i p T BGD load—45 ib dsy {or 0.15 1b/man/dsy)
S »si)as&&tgeﬁate—ncpua&ps—?ﬁ gal/min
Weight of Plant (bs)— 31,000 dry
- 136,000 wet-max
A T _ T18L000 wet-min
DLt Eect:&ai?my-—-iésxw .
R ¢ = Requirément—320 cu. ft: atpressure of 7.5 1b/sq. in. for seration of sudge
) Stesm-not required
“Space—
33 mwy——m-ﬁm amnée:} sclids—150 ppni, coliform—

] mtn “BLSAR Y&RR%‘H” FY h&s@&: dmtacn svsfem-widch ns&s chemicals for azssstance

aadmpm steﬁhzmon. Inztsﬂiatmn ot‘s amall wersion ofsms system is

&w:ge tmatnwnt[éi@oza& s:,stems were not available

at thatima of tas wntmg.

é. R@éﬁﬁbﬁa&e of ?edeﬂi Agenmea (PL-91'224}

EDR it of Tnterior. The EFA in consultstion with the Coast Guard, U.S.
Fnginiers mid U-S. avy Shipe System Command “will promulgate Federal
priEns f@m%w*mﬁpxzmﬁt&eumﬁw of untreated
crlméeggttely_m stwag{humm body wasies) into oy upon the navigable waters of
the LEB:-froni néw vessels ahd éxisting vedseks except vosels not equipped-with installed toflet
m ‘!}x;esﬁrﬁ: &'ia}epmcnt and Gemotistration program to receive, retain, treat

m!asym from toilets sboard vweis i directed essentially to “equipment
to besfsiaﬂeé et; m rmaaﬁm vesiels.” -

¢ > i}ggmzent of Tmcﬁation. The U.S. Cosst Guard “shall promulgate regu-

" lations; coneitent #ith. standards svolved by EPA “governing the design, construction,
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instaiiation, and operation of any marine sanitadon device on-board suach vessels” The Cosst

Guard will issue certifications that the marine sonitation device performs in accordance with
the appropriate standards and regulations. For vessels cwned and operated by DOD however,
the regulation and certification authority will remain with DOD, and not the Cesst Guard,

5. Bef Description of Processes/Technology

&, Biclogical Procosses.

£1, Micro-organizms have the capability of continucusly metabolizing and re-
meving dissolved org.anic matier from wastes. The rate of mewbeliam is governad by tempsate
ture, pH, and nutrient concentrstion. Aerobic orpanisms reguire dissoived oxygen for metab-
olism; uxidation is complete and carbon dicxide and water are the final products, Anserobic
organisms do not require dissolved oxygen, and can substitute “chemically bound™ oxygen
for their metsbolism. Anserobic processes sie much slower, require larger equiprent, and
are iess ef(icient than serobic organisms for waste removal. In the “log-growth phass.” organ-
isms grow exponentially snd remove dissolved nutrient at & maximush tate, -

{2) Fixed bed nnits (grickling fiiters}, fluid bed systm {activated s@} snd
various modifications of these are utilized in biaiogm mgsmsn of m wagis and are
described briefly as follows:

{&} In trickling fiiters, organic wastes are continucusly passed over packed
media; micro-organisms grow info a gelatinous mass adhering to these media. ~Filfors and
settling units remove unoxidized organic Lister, inert matmals, m mxcmganm 1085568
which siough off the filter. :

&}hmm&&ﬁ&mmww;omm
continuously recircu’ated and contacted with ofganic waste ia‘thaprm ‘of oxygen- which
is fad into the siudge-liquid mmmbntmmm The serstion siep is
foltowed by soliddiquid scpaeation, Mcf%mﬁé%mt&a&eagm
Mmmsmy&e&anﬁﬁwmﬁd@wéo{hyzﬁa&m T oL L

( mmhgmm:mﬁmﬁ @m@hﬁy:ﬁxﬁmm
the biological d:swxm system consists generatiy. of:the following odulesor asbsym

Contact tank, c&srif'zer, mautm tank, siudgormabﬁcdipstcf dﬂcn-
nator, and drving bed, i

A fi

{4) The contsct stabilization sysiems are Tost compact, but Wﬂi flexi-
bility: akmﬁeémému&amm&eimmxw“: I8 00 psetiling:
charsctetiatics, §amp%atdyméxﬁmﬁteéﬁégem rovide s {

of the waste with the miio-oZERnism feed Sudpe Gunng seration.. Ehgamvmxs
brought into imroediste contact with {he oyganism massts and shock loads are mérs.easlly
handied because the wasts load I dispersed throughout the gystem rather than confined. iaa
sep vt of the yystem, Uliraflration consisis of s modified activated shudge process coupled
with a pressurized, reinforced organic polymeric membrane foprovids ultrafiitration. The
membrsne loop is claimed to filtsr out &ll residual suspended solids, & substantial fraction of
the residual BOD; and practically all the coliform (F: Coli} bacteria from the efffuent, thus
obvisting the effzent chlorination prior to discharge. Various new systéms modificstions.
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nave been introduced. These inciude; the modified trickiing filter where the bacterial growth
is sugpended in the reoycled effluent mather than attached to the filter medis; the mechanic.lly
rotating biological contactor where microbial films developed on the surface of the rotating
discs,

{5) Biological digestion svstems can be made very efficient for sanitary waste
treatrasnt, The major drawbacks cited are: relatively larger space and weight requirements
compared to chemical and electrochemical/mechanical systems; and the longer lead time for
initistion of action. Recent efforts are claimed by 2 contractor to raduce the time of biclog-
ical digestion by ovtimization of the temaperature of the reacticur. In spite of these short-
cornings, the United Kingdom utilizes hiological digestion systen.s for both commercial and
militas, shipboard use.

b. Chemical Processes

{1} Chemical treatment of waste water involves the addition of chemicals
{either direcily, or indirectly by electrolysis) which will effect one or more of the following:

(2) Produce 2 flocculant precipitate and accelerate sedimentation of settling
of the suspended salids.

{(b) Release of ions to oxidize the organic matter and reduce the BOD.

{c) Disinfect the wster effluent by killing (reduction of viability by 10#
to 10%) micro-organisms mainly, but not limited to bacteria.

-{d)y Colorize zmd deoéanze fiush water recirculation systems.

Chemiai treatmictit systemis:are receiving considerabie interest, attributable to: more efficient
chemicals it lower ¢0sf, better knowledge of chemicsl reactions involved, and in conjunction
with recent innovations in electrolytic and electro-mechanical approaches can provide im-
proved and compact methods of handling the sludge.

(2) Exampies of the elsctrochemical and electromechanical modules in can-
late sanitary sewage treatment systems are the Fairbanks-Morse sysiem presently being
svaluated on the USS CANOPUS, and the General Electric Electrocosgulztor intended for

=the-U.8> Army dredge, the GERIG,

(3} An example of chemical treatment without electrolysis is the Ultrady-
namics Corporation systems, This system employs a mixture of 5 or 6 water-soluble ingre-
dients calfid ”ﬁﬁrad{cm-?ésx” and claims to provide the following:

{2} Sclution of chemical compounds produces an fonizable coagulating
effect upon organic colloids in the wastewater,

(%) Porous minerals process absorbent and adsorbent properties.
{c} Oxygen is liberated fo partially oxidize the organic matier and main

«in airelatively high dissolved oxygen content of the water.
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{d) Baciericeidal or antiseptic effect {which would be less sffestive thy
chicrination).

{4} In the nitrauynamic chemics! treztment system, the wastowater is scresned,

comminuted, and mixed with the proprietory chemicals “Ultrad-lon-Mix.” The flocculent
mass is separated in 2 settling or precipitation tenk and the sudge is vacoum filtered and
dried. Ultraviolet light is used to disinfect the effluent.

{5) In the chemical processes described above, the sludge i relatively eadly
disposed of; the vacuum dried studge andjor the incinerated ash by land {ill if dedired.

¢. Criteria for Performance—Analytical Tests. In estimating the ei‘ﬁéiency ois
sewage treatxx ant process, certain torme are guantitatively defined, ’i‘he principie terms and
their significance are described as foliows:

(1) Biochemiczl Oxygen Demand {BOD) of a liquid is defined ae the quantity
of oxygen required for the biochemical oxidstion of the decomposable matter--ususlly per-
formed as s test for § daysst 20°C. This measure or index of oxigizable (oluble and colioid-
sily dispersed) crgenic subsiancas {including proteins) which deplete the amousnt of oxvaen
dissolved in the water and requirsd to sustain animgl life. The 3{}3 fias proved to be the best
single test for measurement of sewage treatment processss, For U.5. Nayy applications, 3
BOD loading of 0.20 pounds per max per day which is considerably higher than the analogous
UK. loading estimate Juassumed. ?msumbiy ﬁns isdusto ﬁl&iy*?é amxd qaants‘y of the U.S,
diet.

{25 -Suspénded:Solids~There are various classifications.and human sanitary
sewage mwmmweé,ﬁxedmmhﬁe{ﬁa%‘m Suspended solidsare
‘ mm&mm&{tw%fﬂf 1 a&wﬁkﬁcﬁ,ﬁxﬁmm%&
mwmmtﬁfmmmmmmmdsﬁmoﬁ:ﬁ# .
ment. < e L s oL

{3} (’oﬁfm Umts ar Cai:fm De. g-wSewage sontams a '-rast mneunt of
C ,gmtema,vmms L'!tu. j&oﬁofﬁwmh&nﬂe&wmnm&

by b s
m&ateésbeﬁﬁshhaﬂmdingﬂihwémtcrm causefyphwiim% aﬁiermtgstsﬁééiwe
out-breaks becausze of coastai poliation:: Coliforms (Escherichia Coli) are mammalian intes-
tinal basteris whose presence in the water indicatés-msmmalia (snd- huuman) oxerete or fecal
matier; Thus while Escherksiia Coli ave mose of foss notpathogens 1o huirans; their pres-.

* ence is used a3 an index of the-prosénép of pathoghis: Cchfmmusmﬁy:emztaégﬁﬁ .
MPH (most probable number) by one incubstion method of measured by 2 rolative new hﬁc-
terial mm%naa- filter. Chlopnation is normally usedio éesm&y Eiis foms of ¥ ﬁmmem

{4} Hydrnulic Loxdingisa measire 2 of the water wzxsumptwn which erdpties
through the pipinz-draining syster,.-For US. MNavy shipboard W, Couss, 25 gﬂons per man
per day is essumed. This does not include showers and sther uss, For shore or sdvanced-
base use witch includes showers; 65 ghm/disassomed. = - ... .
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{3} USPHS (1.3, Public Heslth Service) Standavds, The USPHS standards

N shipboard system performance based on cffluent
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BOD— <50 mg/fliter or ppm
Suspended Solids~ <150 myg/liter or ppm
Coliform (MPN)— <1000/100 m!

Thas, as criferia for the anticipeted nexi-generation shipboard sewage treatment/disposal
system, the following specifications were formuiated:

Criteria Loading Effiuent

BOD (mg/ 1) 800 <56

Suspended Solids {mg/1) 800 <80

Coliform GFH) ! <245/166 mi

& Conclusions of Present Develovments. The following conclusions may be derived
for 115, Mavy shipboard sanitarv sewage system developmenis 1o date;

a. Many aperoaches have either bean investigated and evaluated or proposed to
sulve the problem.

b. Several basic principles have been developed and tested in shore facilities that
sppear capavie of providing or exceeding secondary sewage iresfment. The principles include
serobic biological digestion and chemical treatmans, with various modifications and auxilisry
components~siectrochesnical, mechanical, stc.

c. Software studies indicate development of onboard holding systems and
mettiods have advanced to increased effeciivencss.

d. Up fc the present, no gysiem has been satisfactorily develeped and demon-
strated on an American ship with favorsbie relisbility, maintainability, and functional pes-
formance {eifluant guality) measirements,

7. Problem Defimtion—In defining the nrctiom, one must take info account the

diversity of circumstances that exist in Navy ships—constructicn and operstions which affect
the choice and-design of a potential sowege sysiem. These variabies include:

2. Humber of decks—4 for DD, 8 for AS, 12 forCVA.,

. Location of WCs~in newer ships they are superiniposed, in older ships, no
definite vertical alignreent.

(For a. and b.—the longer snd more torfucus the lines of sevwage draingge, the greater s the
tendsncy for disnerdon of the solids }

¢. Shipberthing—nesting, dockside, at puoy.
d. Salinity and pollution l=vals of port sea water.
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¢, Temperature extremes of ports of cali~grotie, temperate and tropical,
f. Size of ~rew complement—units constructed for 40, 175 and 500 men.

3. Types of ships—auxiliary, combat, etc. with variations of permissible space,
weight and power.

a. New consuruction vs modification and installatisn into existing ships~hydrs..ac
loading on new ships can be substantially reduced by separation of sl.owers, wash basins, eic,,
from commode drains, Because of such veriations. it is difficult to conceive the evaluation
of a single ship sewage system which can be both system ang cost effective.

1. Variations of amount and homogeneity of loading (BOD, hydraulic, etc.).

8. Requirements, Objectives, Technicel Approaches. The establishment of require-
ments, development of quantitative objes ‘ives, and recom:iendation of suitable technical
approzches must be now applied to a program whose projects are being conducted on both
paraliel and sequential stages of Cevelopmnent.

a. Performance F.vametcrs (al.o see Section 1JiB5c). The installation and utiliza-
tion of any Environment Protection System should not plac. v unreascnabie burden on
ships’ personnel nor ‘egrade the mission effectiveness of fleet nnits. In deriving quantitative
objectives, an in-house study should provide meaningful reliability, maintainability and enn-
poriability criteria which may have flexibility according to the type of ship involvid or time
speat in port. Regarding functional performance criteria which affect the effluent quality and
determine the systems’ complisnce with existing standards, the same three esserdial ingre-
dients evolve:

(1) Biological Oxygen Demand.
(2) Suspended Solids.
{3) Coliform Forming Unitz.

In determination of a candidate system’s efficiency the following parameters
must be included:

(1} Hydraulic loading—galions of water consunied per man per day (g/m/d)—
this could vary from 25 (o 65 g/m/d.

{2) Total waste ioading~weight of BOw ang solids per man per day (ca.0.21b/
m/d} with pruvigion for peak loading. Difference exists beiween UK. and U.S. Navy on this
figure, UK. being 3% that of U.S. In a. and b. above, the concentration of the load can vary
without any varignces of load charge duv to hydraulic variations. In determination of effi-
ciency as poverned by perend reduction, classification must be made and resolution te dis-
tinguirh between averaging, integration (loading change integrated over & periad of time),
or dynamic, 5o as to respond to peak loading phenomena.

(3) Conurols—Statistically valid measurements of equipment performance must
take 1o account pre-existent poliution, For example, aboard the USS CANOPUS, controls
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must be run in the polluted Holy Loch sea water slone before the performance of the F-M
units can be guantitatively determined.

b. Short Range—Existing Ship-System Modifications.

(1) For the short range problem—making availeble as rapidly as possible a
shipboard sewage disposal system of meeting or exceeding the USPHS standards—of course
refers to the F-M system presently installed on several Navy ships. Negotiations between
NAVSHIFS and the contractor have been held pursuant to redesign of the system and estab-
lishiment of reliability goals. As explained previously, this project is g high risk area~utilizing
components of a system which can never provide optimum performance (ntercepior separa-
tion of solids from flush water is poor when the entering fluid is a slurry) regardless of en-
hanced reliability development. A trade-off analysis would indicate the feasibility of substifu-
tion of another module for the interceptor stage—a module which depends on comminution of
the solids for proper performance—as an aliernate or simuitaneous investigation for the FM
system fix. Modules dependent upon improved floccuiation and coagulation and accelerated
settling of solidz, even under ship’s motion, should be considered. Examples are chemical
{"Utrad-ton-Mix"") and elecirochemical {GE Electrocoaguiator or use of Al of Fe anodes).

t would appear that the explosions experienced by the FM system, most likely due to hydro-
gen entrapped in the froth from the chlorofiotator must be eliminated. The potential of 2
partial vacuum over the chloroflotator, to assist the escape of hydrogen bubbles together
with an explosimeter probe into the air duct should be investigated. The partial vacuum may
further improve the chioroflotator by enhancing the buoyancy of the hydrogen bubbles.
Another alternative would be the addition of 8 module to the .inal stage of the liguid effluent
to improve its quality and provide a degree of flexibility in performance—which i¢ not one of
the FM unit’s virtues, This added module could include available membrane technology for
water purification—-reverse or electro-osmosis, ultrafiltration, eic.
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{2) Regardless of short or long range solutions of the sanitary sewage disposal
problem the establishmeut of realistic and meaningful criteria and standards in cooperation
with the regulatory agencies should be based in large measgure on the present state-of-the-art,
equipment, and available technology for existing shios.

(3) In attempting to define the Exploratory Development (6.2} and Advanced
Development (C.3) portions of NAVSHIPS® sanitary sewsge program, within the constraints

of funaing, time, and resources (facility and personnel) availability, the following points are
salient.

o,

¢. Exylomtory Development (6.2) Long Range

mmmmm;mmmm&mzmmmmMmmmmwmmmmmmmmmmwwntmmmammnmvm:(

{1} A concept for long range solution of ship’s oversl! waste problem—inte-
grate other wastes {food, industrial, etc.) with sanitary waste. This principle, proposed by
NAVSHIPS, musi consider priorities and compatibiiity of prospective moduies and not be
restricted to Biological Digestion.

(2} The 6.2 program should be Umited to laboratory studies and investigations
of basic concopts or principles and detenmination of this feasibility of being incorperated into
& ships’ system, Relatively new principles niade available to sanitary enginsering could be
Literature searchea i lnvestigated under controlied and simplified conditions. These inciude:
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{2) Membrane technology—electro-osmosis, reverse-osmosis, using celiu-
lose acetats and other suitable polymers,

{b) Chemical and electrochemical coagulation and flocculation; investiga-
tion of parameters affecting size, charge density, and concentration of the {locculants; choice
of electrodes (Al, Fe, etc.) which have a2 profound influesice on the coagulation and setiling
rates of the suspended solids. In close coordination with «ad perhaps sponsored by EPA to
investigate the fundamental process parameters involved in using synthetic polvmers, poly-

electrely es, and other novel surface-active chemicals to improve flocculation, sedimentation,
and ¢con~jtioning of sludges.

{c) Enhancement of aerobic biological digestion using modified ¢rickling
filters or mixed activated sludge treatments, Effects of temperature and pH, and nulrient
concentration should be optimized. Feasibility of addition of recoverable enzymes {such as
ceilulase and proteolytic enzymes for cellulose and proteins respectively) could be included
in the 6.2 program. In dealing with the biological digestion process module, the following

items may be investigated fo eliminate or minimize its inherent deficiency {longer lead time
required to start the process):

1. Feasibility of culturing the aerobic micro-organisms (brackish and
sea water bases), store as refrigerated slurry when not required, and with 1 or 2 davs notice,
incubate to “log-growth” phase. When starting the biological digestion module, spproximately
i day’s travel from port of entry, the incubated micro-organisivi mass can be added to the

module under favorable conditions and proceed aimost ag if the dxgestxan process hay bean
continuous.

2. In fieu of the enzyme addition; coﬁsiderm‘feasibiﬁty of theaddi-
tion of thermophilic celiuloge—digesting bacteria. in order to be practical, the mixed colo-
nies shouki both digest the cellulose and rsproduce rapidly. It hasbeen estsmated that a con-
version rate of 10 grams per Liter of fluid perhourisa des:rable goal,

{d) Determination of fessibility of development of realistic simulants in
tieu of human wastes for laboratory and smsl meckup investigatioas.

{e¥ Investigation of certdin commemxally availab‘e modules {not systems}
preferantially of a single process,

(3} In the submission of the Form 3920's from NSRDL tc NAVSHIPS and
the latter’s DD 1634’s Task Avea Plang, the objectives should quantitatively stipulate the goals
1o be achieved in a five (5} year time frame with 3 tealistic funding-estimate. The goal should
specify-effluent quality of module concept based on dynamic or differential rate of loading,

integration, hydraulic 'sad Limits, and any other functional parametors required to properly
evaluate its feadbilly.

d. Advanced Development {(6.3)—Interniediate Rangs

1) For the 6.3 of Advanced Development Program, at Isaxt 75 percent of the
scope of offort should have scivanced beyond the exploratory or applied science stage, The
5.3 program of necesuty is addressed to the military, technical, and financial feasibility of the
concept boing incorporated into a relizble shipboard system. This program would thus include:
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{a} Bvaluation of modules which have been refined or enginsered toward
operational conditions.

() Coupling of individual modules in Iaboratory testing where each mod-
ule represents a distinet and important piocess segment of the system concept. Compatibility
and interface complications of each module are determined and solved ut this stege.

O R

{c} Scalingxup of laboratory module subsequent evaluation to simulate
shipboasd conditions,

{d) Under unusual circumstances where definite and depenéab!e data of
performance are available, a candidate commercial system, whose principles of operation
and concept appear compatible and suitable for marine service, can be included in the 6.3

program. Full laboratosy and shore testing must be complete to consider feasibility and fest-
ing in the shipboard envircnment,

{&y Design, fabrication, and testing of demonstrated modules, geared to-
ward shipboard environmental conditions,

2) The final phase of 2 6.3 effort would normally include a realistic trude-off
analysis {and a concept formulation) of the competitive systems or module integration and
the decision as to which effort based on cost and system affectiveness, time, priority, ete.,
can properly advance to Engineering Development (6.4),

(3) The candidate gystems to be critically analyzed might fortuitously be a
complete system conceived, designed and fabricated by a contractor (of cither on-board hold-
ing oronboard-treatment} or.a hybridization—an integration of optimum functional modules.
It is very-unlikely:that 2 zingle system concept would be sppropriate for all ship types. On.
this basis;: there:would:be:a requirement for development, evaluation and conceptual yalidity
of sewage systems optimized for each ship tvpe, with additional R&D effort dsnted toward
standardization and interchangeability of these modules as in electronic system.  sted-clrcuit

funétionsimodules. Theresultant svstern concept should have a good measurs o ‘jexibility
of performance criteria-inherent within its design to prevent cbsolescence, and have.the sbility
to et new.and-upgraded-effluent quality standards, This fiexibility could concelvably in-
sluge-a“polishing unit” module developed under 6.2 program or commercially avaiiabie.
Technical areas of high risk should be so addressed and identified by the SYSCOM.

e thdmaxm Az expresed earlier, it is strongly recommended that more ex-
tensive coordination be effscted between the Mavy and other federal agencies and depart-
ments, with 3 raore thorough invesligation-of c}ustmg technology and state-of-the-art of both
domestic and international efforis especially of tie United Kingdom. Spesial atéention should
be: direcied forthe Department.of Interior~Office of Saline Water for membrane technology
applied to water purification, {o EPA in ¥Washingron, D.C. and to the regional Isboratory at
Taft Engineering Center, Cincinnati, Chio. Additional effort should also be made to incor-

porate the basic science, technology, end engineering sfforts of NASA for human waste treat-
ment and water réclamation.
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€. SHORE BASED WATER AND SANITARY SEWACE DISPOSAL/TREATMENT

1. Advanced Base Integrated Water and Waste Mansgement Systeﬁ\z‘

¥

a. Background. Naval Advanced basesame ﬁﬁe*} losated in ramote snd under
developed areas of the world where water zuppliss are minimal and of poor quslily. Even in
remote areas where adeguate water supplies are available, development of the necesgary water
works facilities is often very difficuit and expenaive dus to adverse climatic, topegraphic, or
geologic conditicns. Contamination of groundwater supply sources is also 2 common prob-
fem al advanced bages. An integrated water- and wasie-management system i3 3 potentially
attractive solution to many of the problems associsted with watsr sunply development and
waste water treatment/dizposal at naval advanced bases In arsas of minimun water supply or
high contamination petential. With an infegrated water- and waste-mansgement system. the
higity poliuted waste streams containing mixed urine snd fecés are segregated from the lesser
poliuted waste streams from the galley, showers, laundry, etc. Theconcentratéd wasts streams
are generally combined with the refuse for ultimate disposal, and the lesser poliuted wasie
streams dre treated 10 potable watér quality and recyeled tor re-use: 4t has only been in the
last few years that direct recycle of reclaimed waste watefs has developed from concspt to
pract;ce Preliminary efforizto de\eicfp wasts water reclamation systems fnr militery applica-
tion have been sdvanced by the Army undésihd Medical Unlt, Saif-dontsingd- Transportabis
(MUST) prograzs. Although very effectivefor: gmﬁgciag potablewater; the MUST waste.
water reclamation systeny is too costly and'consplex-for fouting uss at'advanced bages. The
development of a highly cost-effective systéniand integrated: watar and waste-management
system ‘er adm‘cé basc a:xghcat;sﬂ woui:i ﬁs;:nt:sny aﬁevﬁte the wate‘ mppiy and water

a -

2 é&m&m% %‘m«'ﬁ?ﬁaﬁ?fsatmegt %@d Enpasa,ﬁymm

2. Recent military sxpenience has demonsteated that ssfe angd eﬁ"mnt samtsxy
waste trestment snd disposal systems for advanced bases are degirebis in the interest of over-
ull combat effectiveness. NCEL's “Advanced Bose Sewaiz Treatment Study™ delineated tech-
sical requirements and design criteria. Battelle:Memoria! Institute under contract to NCEL
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mada an anslyses of the problem fogether with a cost and systems—{foctiveness study of 21
commercially available systems of zanitary sewage. It was conciuded that three possibilities
exist to improve overall effectiveness by integrating selected components or moduies of exist-
ing systems into 7 single unit tailored to the specific requirements of advanced bases.

b. The ultimate approach to effective environmental protection will be the
integrativn of this sawage treatment disposal subsystem info a comprehensive water- and
waste-management system where the water can be reused. The recommendations for tech-

nical moditications of existing systems and expansion of the RD&D program as submitted
by the BMI report appear very realistic,

¢. The recommended RD&D progrum consists of the following three sequential steps:

{1) Adoption of 2 highly cost effective, commercially available waste water ‘{reat-
ment and disposal system for incorporation into the Advanced Base Functional Component list.

{2} Development of improved waste water treatment and disposal syste-ms.

{3) Development of an overall water- and wastcmanagement sysiem for Ad-
vanced Bases.

D. WATER FOLLUTION BY INDUSTRIAL & CHEMICAL WASTES

I. Problem Definition. An extensive amouns and variety of varicus industsial and
chemical wastes are emptied from Naval shore facilities and ships into inland waterways and
harbor arcas; with either minitnal or no treatment. In the absence of a suitable survey to quanti-
ta‘wely ﬂentxfy the magmtude of the problem and sources thoreef, the foliowing items are reported

A Photogaph;c “hemzcals. The Naval Photographic Center (undez' NAVAIR
Jurisdiction) dischasges approximaiely ten tons of chemicals into the building’s storm and
sanitary sewer lines each month. Thesesewer lines lead either to the Anacostia River or D.C.
Treatment Piant at Biue Pleins. The chemicais which do not undergo treatment, include silver
{Ap) salts, formaldehyde, borane compounds, and ferricyanides which are particularly harm-
ful to marine life even in low concentrations, thus polluting the river and degrading the sew-
ag phant treatment process, Alreraft carriers and submarines tenders alzo have photographic
opk. 72X the tendess, two photographic and one X-ray shop dispose of their photo chemi-
cals through regular waste, also without treatment. - Mobile field photo-processing units now
deposit used process chemicsls and vrash water directly in local streams;

b. Electroplating. As with photography, Naval forces ashore and afloat possess
extensive electroplating facilities. Cadmivm {Cd), Caromium (Cr), Silver (Ag), copper {Cu),
and Zinc (Zn-galvanize costing) operations are quite common, with Cu and Ag having the lowest
level permissihle criteriz. For anions, cyanidesrepresent the most toxic variety of water poiiutant.

c. Acids,.In submarine battery overiaul and repair operations, the tenders are
fitted with wecisl Jead lined pipes and sinks; the sulfuric acid electrolyte however, is discharged
overboard without any treatment, Although seawater has buffenng action characteristics, the
extent and nature of this acid damage to the water environment must be quantitatively
assayed. In Bull Pup missike, and the AQM(37) Acrial Target Drone, hiypergolic liquid pro-
pelilanis are used, one of which is the strong oxidizing red fuming nitric acid (RFNAJ. fn the
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event of leakage aboard ship, the unit is dumped overboard fssfafet? feasons, Inthk Cﬁi
safety to ship and parsonnel is-much hightr priotity than the water peﬁﬁmsi pmﬁ-i%t%

d. At various Naval Air Repair Facilities (RARFY there is i ¢x£¢:igwe amsazxt
of aircraft cleaning, stripping, ete., ivolving chemical trestment of aluminum and i alloys {
{MIL-C-5541A} and cleaning matcrials for Naval Afr Systemns Mainteidnce and Overhiaul
Operations (NAVAIR 07-1-503). These chemical treatments involve the use of cliromic. snd
phosphoric acids which are difficult o treat for removal in sewagy tteatment plints, Neu-
iralization only counteracts the acidity . it does not sliminate the anions from the eff‘zuezzt.
Chromates must first be reduced by a chemicat compound, followed by precipitation, Z}rgfxca}iy
with lime. NAVAIR (R&D) has sttempted to find a suitable replacement for strontivm chre-

-ate which is 20% of the composition of their standard Navy aircraft an%:cm piimer
(EIL-P-23377). However, to date no substifute even approaches the efficacy of chromate as
% csthodic inhibitor. Although not in acidic form, 2 cor.iderable amount of chromate :szisa
used as corrosion-inthibitor b various:ship tanks that hold seawater; suchay ballast tanks:

-

- Lagﬁg_f e chemicais used forisundsy purposesconsist of'an cighty per
cent {8@%} minimum biodegrac.uie cetergent with a twenty three percent (233%) polyphos-
phate minimum.. The main problem at present.appears to bethe phospiiate (mutvient for
algae); the effects of bicdegradable detergents on marine ecological systems have notbeen -
clearly established. Edison (N.J.Ylabof EPA s mw’stxgatzng the sffects of chemical dis-
persants (a3 Gil-water emulsifiers) prior to-granting approval for uise 6f same. According o
CDR W. Lehr of the Coast Guard (R&D) in his recent trip to- Eurcpe, the French remrteéiy
have demonstiated various degress’of: texzcst;rcf bmdegwiabkz ﬁetetmtst&mamhfe_

tife: ﬁn&pmw W'z,ész 406 ~§&Y&,&g‘ a&fempgmg,m gmgep gyyggrm ke .
fication. wiszek wirsd reduce t&ecm inhibitor concentration: mf;mfa fewf aﬁcﬁf guﬁ»
o}c recm. 3 anéf' mﬁxcnnsswater
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L .a, !t sxﬁe? Kmmmi i&ﬁﬁ&ﬁ&tﬁtﬁ&i}' dcﬁsse &&pm&&mxsﬁz&é am a;mi
i’ﬁ éeimeate thé respective priotity to best utilize limited availabie resources, Itisdoubthul
alsoz that-a comprehensive investigation of sl patential pollution problems'could ba attained
:mi&zﬁa&m&’?mm .of this.assignment. Thus, the survey w.uld aiso help 10°identify
ptﬁ%iﬁss}ct saéﬁszéeé ah-a?s, hﬁtef mgmﬁcaﬁt m:gm‘i:nee tof be aéém& n fﬁt‘ure Rﬁ’i‘&é
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b, The hasic and most advanisgeous policy in Environmanial Protection is one
of poliution prevention {o be enhanced by resources conservation. As expressed in the NAV-
ORD submission and in some of NAVAIR’s proiects, the prime requirement is the R&D of
materials, procedures, and equipments for pollution prevention, reclamation, and reuse or
resaie of the items.

i i ‘iﬁ”
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¢. In photographic processing, EPA is sponsoring a mejor RD&D project at
Rochester, N.Y., for chemical recovery, The Air Force Weapons Laboratory (KIRKLAND
AFB) is a0 investigating liquid photographic waste freatment. Membrune technology and
ion rxchange sesin gvailability could provide the basic approach of purification and reclams-
tion for & majority of the chemicals emploved in both photograshy and elestropliating Tech-
niques initially developed by the Navy and subsequentiy by Interior (reverse osmosis, electro
osmosis, clectrodirlysis, ionic membranes, eic.} for water purification are very well applicable
ang fesatble toward solutions of the above problems. Eilectrolytic recovery sysiem for the
valuabie siive; would aiso appear promising. Modules may be required (based on the particu-
lar SYSCOM application and investigation) for treatment of contaminants, removal of con-
taminants, reclamation of contaminants, or muse of water where the level of contaminants is
reduced without affecting efficiency of the particular process—all dependent upon economics
of purification snd zeclamation ye Importance of poliution provention.

oA AR

d, For shipboard applications where space requirements are more critical, the
feasibility of continuous fon exchange, a comparstively recent 'development, appears to have
considerabie merif, In addition to the Jower space requirsment, additiona! advantages claimed
sre reduced capitol investment and reduced regencrant chemical consumption. lon exchange
resins can be selective 1o remov: toxic produces such as cyanides, copper, and chromates; for

recovery of preaous"mets}s and-in regeneration of metal surface weatment and electroplating
baths, *
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e Re@.:izmn’ia:soensts for the R&D of new chemicals and processes for
eathociic protection of metals, and Iess toxic or easily recoversble corresion inhibitors, whemcr
organic of inorganic; :ﬁectn'e in low concentrations, which would not be hatmful to fish
to mariné bicta. oo

o,
A

i

i

-~

I
p ’!.']‘=

jultiokh

Lkt

L

DR N
AL

Lt

L IR "
Al S S Rt T

35 .

Mt P L T T R T
{

e D A S R AT S A e s




T ST e

DT R TR TR T R £ ST ¥ B

y

IV, AIRBPOLILUTION
A INTRODUCTION

1. Although several aspects of the Environimental Protection problem are relztad
to pressrvation of assthetic beanty and rescurce conssrvation, air poliution in the main is
concerned directly with the health of man and his environment, These effects, mgetim with
thoss affecting combat effectiveness, will be referred t0'in the Isting and scurce of afr poltu-
tants. Inthe description of atmospheric poliution, the. H’i}pﬁsﬂiets; ranging in-aititude from
se3 level to 30 km {avg), is the region of interce!, This region has the gzeatesfmrhsaism ant
aﬁnosp?'mc pressure and the highest ,,oneeniratmn cf psﬁata..ts. :
2. Ajr polhstant emissions are nsmiiy categomeé eﬁ?@rt@' z'swaﬁ.» o st:smnsrg
sources. ‘Mobife soutoss includs siicmaft, automobiles, thucks, and varicus  raterialshandling
systems uﬁiizing fossil-fuek cGimblstion engines. Stationsfysouress inchide incinerators;- 5
. pover pimts {ship end ﬁwze}, chemical and industriat plants (whiere combustionproducts,
- réaction products, or volaille ingrddisnts stetha niincicel eﬁam&s}fm,nmfgﬁ, sid-grd
fande Buming pafnting; ¢ic, Table 3, Netionwide Ai-Enission Extimates; demonsirates the:
natore and extent of air poliutarnt contributsd by-ihe more coimsion' mobile:and stativhery
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3, For Naval spplication o mobile sousces, the urirne contsibators io alr poliu-
tion are alrevaft and vehicular engines. These consist of exhaust emissions, fuel evaporative
smistion, and smoke emissions. For further clarification, the chemical classitfication of air
pollutants is included as Table 4. The concentration of combustion product emissions are

strongly affected by type of operation {idls, take<ff) and by air to fus! mixiure rstic,

TABLE 4
CHEMICAL CLASSITICATION OF AIR POLLUTANTS®
Major Classes Subclasees Typical Members
i Incrgenic gases Oxides of nitrogen Nitrogen dioxide, nitric oxide
2 Oxides of Sulfur Sulfur dioxide, sulfuric acid
{8C3.H20)
2 Other inorganics Ammonis, zarbon monoxide,

AT

chlorine, hydrogen sulfide,
czone

4 Organic geses Hydrocarbonz Benzene, methane, butadiene,
zooctane
Aldehydes, Ketones Acetonz, formaldehyde
6 Other crganics Acids, dicohols, rhlorinated
hydrocarbons, polynusiear
aromatics
7 Aerools Solid particulates Dusis, smoke
Liguid particulates - Fumes, oilmists, polymeric
resction-products
£ *USP.H. ServPubd 937.

B. FEDERAL AGENCIES—-RESPONSIBILITIES AND PROGRAMS

1. Federal 2ir poilution legislation has consistenily pointed out the primary re-
sponsibility of state and local governments for preventing and controlling air pollution at its
source, With the Department of Health, Education and Welfare {and its National Air Poliu-
tion Control Administration) as the federal agency of prime responsibility, the federsl govern-
ment provides “technical and financial assistance to state and local governments so that they
can undertake their responsibilitise” Under the Ajr Quality Act of 1967, HEW publishes
techrical information on control techniques, air quality criterla, and finally, standards for
thz pollutants that HEW considers harmfuil to heglth or weifare. The Clean Air Act, as
amended, is the Jegislative basis for the Federai air poltution contrel program for new motfor
vehicles,. 1t shouid be peinted out, however, that because of unique environmental situations
and Xeen anticipation and appraisal of the potential air pollution problem, California first
provided airpoliution legisiation, as early as 1947, This state has taken the lead role in the
nation formost stzingent and vigorous air poliutant standards—most visibly demonstrated in
gasoline-powered vehicle emissions, and reactive organic compounds used in industiial proce~
essas, efc. Another case in point~-Fedem! standards apply to new vehicles only—California’s
standardz are applicsble to all vehicles, new or used, dependent upon year of manufacture,
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2. Asgn exampie of the scope and responsibilitiss of federdlagencies involved In
mobile source ais poliution—Apnendices A and B (laken from NAPCA PUBL $4APG8), st
the programs o reduce emissions sponsored iz}r federsl ag-mm&& sad 33&9{3& m{iﬁh&

3. The Air Force has sxpanded thescopeof thair &m*aff Engine Bmisdons Re-

search program in FY 1971~funding estimate of 6.1 and 8.7 is $2.0 millica. Their problem
aress, and the areas of interest are listed as follows:

a. Chemistry

{1} High altitude photochemical pwsgs and aerosol production of aircraft
enging exhaust.

¥4 i‘seiéctaxs and diagnostic instrumentation for determining sxhaust species.
(3> {Zhexmszrv of flames,

) ?w“”ﬁvmhemi by-oxidations of hiyd _\.Mﬂ‘és

{5} {‘-staiysg {or reducing un{iegrabie exhaust species.

- ;6 ; *‘-atface c&emxstw mvoivmg 3et engme praéumi aerosol, mzfaee coatings
and. pr- %eﬂsnt deg'aéstmn‘ :

S ¢ mﬁk&?ﬁﬁ Off'-;i?%}‘%‘-,mib?ﬁ?f&@é mef’im of hyérmn combustion
Eys&‘aﬁm ST ' " T

§ Ene:gy Qmm-ﬁnbim mm m si‘ interest.

{1} Lean cambusﬁaﬁ Q?ﬁtst}ﬁu of mt e;'«@zm, e

{g} {Emnica} irme&cs of cembustmn. )

{3} f"iuxi ‘iy:sasm c:mg{ mnsfe:

{é} &m&zﬁmsﬁimtﬁ%&i;&mﬁ &iammm‘“ - ,,.}_: - e

% &ﬁﬁ&ﬁm ﬁiﬂeimg are 1:*2;,3;: the s::fﬁzgs of: &*emﬁ Eza&,n:ameais.
Poliution Control Committes. A:typical. exsmg&:;sﬁe 27 March: 39‘?{3 meetggsmméaé“‘sy
N&PCA (fedemi facilitize, Gff of Sids.3, DOD {&;:mqéﬁ EI}R&E}, Armv {ACFT Frop.
R&Ty; ACSHORY, Navy (NAVFAL, ﬁ&?ﬁ&}, ami“i%ﬁa%}‘i F{}R(:E {éj’i,ﬁg; é”‘ﬁS?
AFSMGM3 and AFRDGI . L
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C, MOBILE SOURCES--ENGINE EXHAUST EMISSIONS

R

M
)i

1. Awpcrsflt Problems and Requirements. High performance aircreft used by the

%; miliiary have unigue problems of noise and combustion product tmisdons. Mititary openiions
g aften require higher jes velocities, speed, engine temperatures, and altitude in sddition to use

5 of exotic fuels, and afterburners. Like their civilian ""‘u'i*erpar{, military jet aircraft are also

§ being subjected to fuel additive R&D to reduce visible smoke exhaust. The emissions, zaide

S from the zesthetic sense, hrve 5 deleterious and degradative effect on flight crews and sup-

%‘_ port personpel in terms of heaith, welfare, and their combat efrfectiveness, Many R&D pro-

% grams are cither underway or plannsd among federal agencies, including DOD, to understand,

% characterize, and identify the emission phenomena, and the interaction of the emission with

the stmosphere; attempting to find ways and means to control soch emissions; and ultimately
funding the wherawithal in research and fechnology to abate them below the level of polla-
tion index {standard) and extended safety environmenti. Ali these objectivis must be achieved
without any decrease in mission-keeping effectivesess or significant increase of cost.

Al ik

a. Particulaics {Smokes)

{1} Problems and Requirements

{s)} The main portion of the solid particulates emitied by combustion en-
gmes consists primarily of smoke or carbon pagticles. For zircraft furbine engines the size of
the particles vanes from 0.31 to 0.1 micromeiess, For airevafi piston engines the emission
particle sizes are about equivalent to automotive engines, in the rauge 0f 0.02 to over 1.0
micro! 'Eets, ‘Gasoline fuels contain tetracthyl lead with scidic scavenger compounds. The
compression-ignition 5&&8‘3 engines produce 3 significantly higher concentration f smoke.

The smoke gaz&ciss are 2 consequente of incomplete combustion and oxidation of the fosc.
fuel,

. (b} Esoblens associated with particulates are concerned ..th sesthetics
(punhc anmys,nce}, reduced visibility for aivcraft operations, and 2 minor health problem,
& the particies are small, their facility of entrance and absorption In the respiratory tract
,0" mar i neatly cptsmum Because the carbon particles have high sorption capacity for nui-
senoe vapors.{S0, ), the medical hazards cannot be ignored. The toxicity of lead and lead
compounds is fairly well establishied. Operationally speaking, the visible exhaust emission
from turbing engines presents an obvious tactical problem ie the Navy and Afr Force.

{c} Reguiroment, A dasic requirement Tor naval gircraft is an engine per-
formance with no visible smoke exhaust without ssexifice of operational capability fos bc‘:.h
combat effectiveness and environmental pmt—**ﬁeu purposes. This requirernent is mapl
mented into specifications for the new ¥i4 aircraft and the proposed heavy-dift "83}::{;;3*:8:.
The requirament includes the development of relisbie and quantitative mathods and equip-
ments for testing under various operational conditions.

{2) Approaches and Technical Problems. Three approeches are being under-
teken towards the smokeless sircrall engine—(a) usé of chemical additives to the fuel,

{hi

{b) maodification of combustion chambers of oxisting engines for retrofit, and (¢} new dasigns
of engines (Included in new aircraft procurement).
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2} Focl Additve Bovelopment. With a stgniZicant lead taken by the Navy,
and augmented by efforis of GE L, Rolis Favee, Standard Oil of NL1,, elc,, amcgmm of evaluat-
e c!’lgj‘k exhaust

ing dhe effeots of ~oviovs chomical additives for Jmuace abatement of tur
has been underway, No o frx;:»es.uiy aceopiable additive has g vat been found. Fthyl Comp.'s
L1 37 additive, conside i {by USAT) 13 the best of current add;twes is not fully acceptable
since it ceus.s fComation of oxide deposits in the engine hot ection with consuyuent engine
performance loss as a fun f.iusz Thy Ti-2 addidve will be used as a standard by USAY for
comparison with 28 candidate additives {0 ue evaluated in their RDT&R program. On-going
R&D at USAF indicates promise of 9 out of 28 additives to eliminate visibie smoke based

on the T-56 engine singic conabustor rig to be followed by the smalt Williams WR 24-6 engine
1o de.ernn.,g extent of engine perfunnance inss, if ey, Ip addiiion, to be completely accept-
able, any new additiv. wnust be completely con  ible with existing additives, elastomers,

and other materials that are used in airciaft faels and fue! systems.

(b) Engine Modification. Smoke reduction programs based on modification
or the combustion chambers ¢” several existing engines are currently urderway, both military
and civilian, such as JT8D, I52, TF30, and TF39. The Mavy’s program of incorporating
smotreless combustion giners in service engincs applies only to the J52 engine on a firm basis;
extencon to othet engines will depend upon reliability and engine performance measurements,

{c) New Engine Design. As part of the joint procurement for GE’s 79
sae Lamm dlon nevnnla

engine, by USN and USAF, the contracter is including new design requirenenis for the smoke-
lzcs engine. No Navy R&D funds are involved in this operaticn.

{c) Smoke Msasurement & Standard. According to NAVAIR (AIR-536)
“the R&™ effort in smoke reduction will be princinally conceined with methods of testing
and defining values of smoe ercission under various flight conditions.” Several methods
were previously employe 3 with differences in specification of imporiant procedures, viz.,
jocation ¢f sample probe, choice of reflectometer background shade, and conducting leak
and cleanliness checks of the systemes. A . mgelmann method is used for smoke plumes as
from incinecator stacks, and the Van Brand Smoke Index for engine exhausts. The SAE (Ad
Hoc) Technical Commirtee £-31 or Awcrart Exhaust Emission Measurement, whose member-

ship inciudes government, sngine manufacturers, airframe manufacturers and comnercial air-
lines, has evolved a new, indirect, filtration-type reflectance-measurement system. Identified
as SAE Acrospace Recommendad Practice (ARP) 1179 “Aircraft Gas Turbine Cngine Exhaust
Soke Measuremengs,” the System is defined broadiy encugh t¢ cMow usc of the hardware of
most existing systems. Claims for the SAE System include higher precision, reasonabie sim-
plicity and universal accepiance. The same SAE Committ-e iz to develop a souud relation-
ship between SN (the quantitative, dimensionless measuren snt of smoke) and the actuai
smoke visibility, Sincs the Navy plaved 2 role in the SAE Jommittee’s evaluation of the data
and sdoption of the methed, it would bhe logical to assume that the Navy R&D work will in-
corporate this method and coordinate closely with resulis obtained by the other participanis,
especially the Air Force, which has committed itself to full implementation of the SAE

methad.
{37 Problem Comptcatmn. it is important to note that practicuily all R&D

efforts fo reduce visible axhaust smoke have resulted in 1 </gnificant increase in th~ invisible
chemical poliutani—~oxides of nitropn (NG, - whick . .uosidered by many suthuritiesasa
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toxic contaminant (2.g., the threshold imit of NO; = 5 ppm). This is exemplifisd by JT8D
engine test dats below:

JT3D Engine w/JP-§ Fuel

NO; Conc. {(ppm)

Idle Take-Off Smoke Index {Von Brand)®*

BM Burner 2.8 70 3.6
Smokeless Bumer 7.4 58 .25

*Threshold of smoke visibility using Von Brand rating index is 0.2 10 0,25
on a (+1,0 scaie,

b, Carbon Monoxide (CO)

(13 CO is a product of combustion either of poor efficiency or lack of suffi-

cient oxygen for complete oxidation to {Q;. CO has a threshoid level value of 50 ppm (8
hr/day, S day/wk). CO concentrations of turbine engine exhausts are exiremely high during
idle power setiings and very much reduced in takeoff. Thus, cither at an air station for service,
ot aboard the aircraft carrier in preparation for take-off, higher concentrations of CO are en-
countered. In addition to the normal medical problenis associated with CO, this pollutant
“has a deleterious effect on night vision and thers is some concemn that CQ, even at low con-
centrations, has an adverse effect on a pilot’s capability in high-order problem solving such

as instrument flying,” Aithough improved combustion efficiency and increased operating

temperature reduces the CO effluent concentration, smokeless burner cans have only a slight
beneficial effect.

(Z) Probiem Comvlications. As in the case of stnoke emission, reducing the
engine exhaust pollutant, CO, by increasing the air-to-fuel ratio, produced a simultaneous
significant increase in the NO, emission. Also increase in operating temperature requires
special heat exchange modifications to avoid increasing the susceptibility of the aircraft jet/
exhaust to infrared<(IR) sezking missiies,

c. gﬂrg .wrbons (HC)

{1} Hydrocarbons (HC) are a class of organic chemicals of carbon and hydro-
gen with an extensive range of vapor pressure depznding upon its molecular weight and struc-
ture—such that some are gases at room temperature (73°F) (such as methane), some are Fyuid
with high concentration of vapor (as isooctane), and some are liquid with extremely low
equilibrium vapor content (as lubricating oils). Flash points of these hydrocarbons are es-
sentially a function of their vapor pressure, Hydrocarbon fusls are essentially aliphatic (gaso-
line and jet fuel} while some gasoline additives (subst, for tetracthyl icad) are aromatic (ben-
zene). Hydrocarbon compounds in engine exhausts are a consequence of incomplete and
inefficient comburtion of the fuels. At very low concentsatins, hydrocarhons cre considered
very harmfu:, At ~bout 0.5 ppin, the fuel causes irritation of pilot’s eyes in the cockpit. in
addition, hydrocarbons, under proper conversion conditions ¢nd photerherioal reactions,
produce smog.

{2) Problems of elimination or minimizing hydrocarben emission are common
to smoke and CO, especially the laiter. At idle conditions, hydrocarbon and CO emissions




are very high; on take-off, when combustion efficiency and temp.. 2ture are higher, the hydro-
carhon concentration is reduced seversl orders of magnitude. Requirement for hydrocarbons
emission reduction would be the same as for CO.

4. Sulfur Oxides (50, ). When sulfur (elemental or compound) in jet fuel is
burned, sulfur dioxide {SO;) is formed. As an exhaust, this gas has adverse effects on heslth
{bronchitis, cardiovascular problems, atc.}). In the atmosphere under snitable conditions it
1 further oxidized to 50; which combines with water to form sulferic acid dropiets—a strong
irdtant and very deleterious to plants and property. Fortunately, sulfur in aviation fuel is
kept at a relatively low level—nominally 0.4%; average level is about 0.05%. The sulfur con-
tent of residual type fuels is much higher. With tha Mavy switch to a lighter distillate fuel for
ship use, and within limits of region jurisdictional arsas, sulfur oxides from fuels do not appear
to present any problem of significance.

e, Mitrogen Oxides

< (1) Oxides of nitrogen are formed in the engine combustion process whea
oxygen (03 ) and nitrogen (N3 } combine to form nitric oxide (NO) at high temperatures; at
lower temperatures, the NO combines with Gz {o nitrogen dioxide (NGz ) or as the dimer
N;Os. The latter oxides combine with water to form the strong nitric acid, HNO;. As men-
tioned previcusly NO5 which is formed from NG is toxic and produces photochemical smog.
NQ, NO,, and N2O4 as a class are called oxides of nitrogen (NOy). Aviation personnel have
painted out that aircraft engines produce only a small fraction of the NOy found in the
atmosphere~the predominant source being lightning discharges (100 x 106 tons/yr) compared
to motor vehicles (6.5 x 108 tons/yr) vs aircraft (0.4 x 106 tons/yr). In areas whure atmos-
pheric diffusion and tu-buience is absent (such as occuss in the Los Angeles area), the NOy
dispersion in the air can be relatively high and produce the effects described earlier.

(2 Problem. At sea, flight operations do not appear to be strongly atfected
by NO, emission—idle engine operation on the flight deck and good wind conditioxs faver
low NO, concentrations in the environment of operating personnel, However in flight with
higher temperatures, and improved combustion efficiency, MUy emission contributes to the
general atmospheric poliution. If compared to the total amuunt present, aircraft engines can-
not be a major problem. At! air stations, in hangars, and on test stands, NO; emissionisa
probiem. Mitric oxide is the most difficult of the exhaust emissions to measure. No new
instrumentation has been developed for rapid quantitstive measurement, with high sensitivity,
of the NO, effluent. For reliabie interpretation, a dynamically reading device is required
(rather than integration) for m-1surement, with probes placeq in difficult positions of the
exhaust for a composite assay.

{3) Recommendaticn. in addition to the need for improved methodology and
measurement instrumentation (2 burden more appropriate for NASA and DOT), a survey
should be parformed by NAVAIP. in conjunction with BUMED {utilazing services of NAV-
FAC's SET (source emission team) ) to determine the severity of flie poilution problem at
the more obvious critical locu*ions and situations. In view of the extensive effort by the gther
federal agencies, technicai dafficuities of the probiem, and furding corstraints by the Navy,
it is recommended that the Navy maintain ciose coordination with the developing agencies
and apply results of such development to Navy engines when cortoborative evidence and
teliable test data deterniine feasibility of such implementation.




2, Vehicuier Engines
#. Problem

{1} As the greatest single contributor to production of HC, CQ, and NO,
from mobile sources, the gaseline engine is receiving the greatest attention. For the Navy,
the problem of vehicular combustion engine contribution to atmospheric pollution must de
slight compared to civilian sources. For this teasen it will be treated briefly, rather than
excluded,

AR Y
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{2} Air pollutants from motor vehicles without emission control originate
fror fous major sources. The sources and approximate distribution of emissions are listed
as follows:

(a) Carburetor
f Evaporation of fuel~HC 20%
(b) Fuel tank J

{c} Crankcase Blowby past the piston rings—HC 206%
{d) Engine exhausi Combustion products—HC 60%
CO 100%
NGy 100%

{3} Because of the similarity of automotive engine to aircraft engine exhausi,

Figure | is included to demonstrate the basic problem involved in attenipting to contral these
emissions by variations in the air-fuel ratio. As pointed out previously, at rich or oxygen-
deficienst conditions, complete combustion cannot take place, and circumstances do not favor
full oxidation of the reactants. Thus HC and CO emissions are high and RO, is smail. Asthe
air-to-fuel mixture ratio increases, combustion is more complete, and temperature increases,

thus decreasing CG and BT, with simultaneous increase in the toxic NO,. All three emissions
could theoretically be reduced at high air to fuel ratios, but operating difficulties (aisfire,
stalting, poor idling, eie,) would be encountered. Recent developmental claims {applicable to
aircraft and vehicles) point to methods of jet vaporization and injection of fucls under lean
conditions to reduce the pollutants and simultancously alleviate operating difficulties of
poer idling and stalling. As with other contractor claims, skepticism of significant improve-
ment by this method would be 4 nommal reaction.

{4) Extensive R&I is being performed on engine modifications {positive
crankease veatilation, exhaust emission control systems, air injection systems, fuel modifica-
tion, and fue: substitution. For the latter, liquefied natural gas {LNG) and compressed naturai
gas {CNG) in spark-ignition engines have shown a tremendous reduction of CO, HC sad NOy
to the puint where the emissions are below any present or soon-te-be schedule standards—
federal or sta ewide. However, the logistical and economicel aspects must be investigated
and evaluated in determining feasibility of this approach,

L D TR PSR DY
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b. Requiremenis. No special Navy requirements ore included. Navy vehicius s
normally procured via the A.my, and all new vehic'es will possess standard pollution u)mfoi
devices. For existing vehicles, the feasivility of maodification 1o reduce the magnitude of air
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polluting emissions should be investigated by.the cognizant Naval SYSCOM (NAVFACY. A
survey of the magnituda of the problem would be included. '

D. STATIONARY SOURCES

~_ 4. Pellution Sources snd Bunissions

1. In considering stationury soumss, ons normally includes fixed shore installa-
tions, Skips moorad in hasbor arear can be categorized as stetionary sources, especisily when
on-shore winds provail, carrying the pollutant emission to the population ashore, When con-
sidering ship's ernissions, it is alto important fo measwee the contribution of the iy relath &
te shorespurce emissions, sxpechilly those not derived from Naval Operstions,

} From BM (QHIO) Repors.
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b, Table 3 provided & crude Hsting of pollution sourees and the spproximate
emissions. Among stationary sources, utility planis {especially those uging coal) and outside
fires appear {o be the worst offenders. Aircraft engine test stand operation is a special cate-
gory, {The problem of open burning of ordnance itemis {explosives, propeliunts, eic.) together
with requirements and {echnics! approaches are sddressed in 3 separate section of this report.)

2. Incinerators—-General Purpose—Requirements. Fossil fuel for incinerators will
have sulfur content maxime in accordance with local criteria and standards {same would apply
to fuel for ships in port); other emissions—simoke, HC, CO, & NO,-wounld require NAVFAC
assays to assure compliance. In view of the recent policy and tendency of more stringent
regulations and standards, it would appear that new designs for incinerators for military
construction sonfain some module flexibility for further cleansing of the air effluen.. Within
funding and time constrainis, feasibility of medification of existing incinerators for the same
purpose should be determined, Thus in N.Y.C. which has taken a lead role in this area, in-
cinerators are fitted with either clectrostatic precipitators (to ramove particulates) or water
scrubbers (40 remove particulates, S0, and NOy ) as polishing modules on the smoke stack
exhaust system, A water scrubber is presently being used in a Navy experimental model rotary
drum classified material incinerator. A nucieation scrubber was recommended by a FAC/AIR
contractor-consultant as the mogt efficient made for purification of aircraft engine test cell
cxhaust emission. The EFD’s of NAVFAC woulc piay a maior role in determining the sxtent
of compliance of shore based incinerators with existing standards.

S

3. Incinerators—Special Requirements

a. Dispozal/Destzuction of Ciassified Naval Materials Ashore.

{1) Long Range. More adequate and efficient means are required for destruc-
tion of classified materials ashore, Currently availzble Incinerators are not satisfactory {o
meet the increased volume (500 1b/hr) and variety of materials used to convey classified in-
formation—viz.,, papers, bound volumes, IBM cards, photographic films {(movies, slides), Mylar
Tapes, oil based teletypawriter fape, and miscelluncous items of glass, metal, efc, Present in-
cinevator deficiencies include high costs of operation and maintenance, possibility of security
compromise, and sxcessive stack emission and consequent air poliutant burden. The RDT&E
project should provide a cleaver definition of the problem; investigate improved methodology,
processes, and equipment; conduct & system and cost effectiveness study; design, fabrication
and testing of prototype; prepare approved military specifications for installation and use,
This Problem is related to Naval Communications Command znd Naval Security Group Coun-
mand Headquariers requirements,

(2) Short Range. The rotary drum incinerator concept adopted by NAVFAC/
contractor appears to be capable of meeting zir pollution restsictions and simplified feed re-
quirements. Proigtype unit ptocured and evaluated by NAVFAC contained a number of design
flaws and did not meet ali the design goals, However, NAVFAC considers that new engineer-
ing design can corvect these deliciencies. One major drawback of this prototype, however, is
the very high power reguirement which in use at some installstions causes a8 power druin and
voltage drop. Additional requirement or goal is the ability o destroy tite classified material
W/ security compromise in loag feeds in excess of 500 lu/hr,

b. Disposal/Destruction of Clasaified Maieriala~Ships, A deliberate attemptis
being made here {o avoid potentialiy classifizd items from boing incorporated into this report.
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Thcr. lore, R&D's aew methods of destruction and seifdestruction of classified materia] will

of be Lﬁaﬁeﬁ harein, The problem of destruction of classified flm uslng sxisting shipboard
:m,m»maﬁ; invoives the extensive svoiution of loxic and obnoziocus fumes—so much that
some practices involve “desp-sixing” —overboard/ainking for disposal rather than busning, De-
pendant upon tims and loading constraints, RDT&E is rquired for optimum disposal/destruc-
tion of shipboard photographic classificd meterial, The practicality of incinerstor medification
vs. tapid chemival strivping w/o security compromise should be investigated, If would alse
bz beneficial to further investigats this problem to define its scope and extent.

4, Shipboard industrial Sovzces {other than SG, from i'us 3

a. As mentioned earlisr, ship industrial operations in port {tenders, aircraft car-
riers} - contribute a certain degree of pollution to the atmosphere. The intensity of the problem
depends upon the point source concentraiion, and its relationship in magnitude fo that from
the surrounding coﬂum.mty In this context, the following potential shipboard air pollution
problems are cited, usmg submarinte tender activities as an example. The new tenders ucﬁ-
tain &7 industrial shops, each with its own contributory causs:

{1} Rubber & nlgstic shop. Mold, heat, and bum plastics elastomers; exhaust
directly tho stack,

(2} Asbestos iaggmg, etc, At present, asbestos particles are viswed as one of
the most hazardous particulatas—sffects on ingestion in Iungs havo been recently and alasm-
ingly presented by the medicat profession. Operations involving shredded asbestos aboard the
tenders have special exheust. accommod_tions—but this exhaust into the airis not filtered.

N {2) Foundry. Although perhaps small in capacity relstive to municipal mdus-
trial piantg gach tender-has:two 600 Ib-and cae 800 Ib charge-capacity fumnaces-for Both--
ferrous and non-ferrous slloys~inchiding zinc {Zn);and lead’ (Pb); which-dre-vented to the
rere without any collection devices,. Ae:with other sources, this area must-1ie quanti-=
tatxvﬁy andqaahtatmaiy saaiyzsd *c»aiﬁtenmne ﬂ'lt nature-and sxtent efthe?cmzfaai 3tmes-

piimapor}umfs. .

?‘

o {4} Resm mpgziatxom i:z eiectmai rpaxz shcps of tenders and carriers;
motors 9: YErFuS 81283 OF capacities ar overhzuled. This oreration requires the removai of
the resin encapsulation {epoxics, silicones, etc.) by careful incinemtion. Aside froni the saféty
features {soms havs exploded), the noxious fumes emanating from the stackshave not been

xnown to have been analyzed fo determine if they meet federal, local, or regional air standard:

5. Ships’ Coatiogs

a. Problem. Inconsidering air pollution probiams, the state of Califormiz has
taken the lead ;gzgiquwiée for muies and reguiations for control and abatement. Becauss of the
high pollution {peopis, vzhicles, etc.) in Loz Angeles county and the stagnation of wind cur-
rents in that area, atmospheric s10g 18 3 sommon occurrence. Thas LA initiated vehicular
controis long befors the federal government. To further reduce the smog formation, low
iimits were placed on suifur in fuels, and to certain solvents used in industrist operations—~
i emission of which under photechernical reactions contributes significantly to smog. The
San Francisco Bay area and LA county have issued regulation 3 and rule 66, respectively,
restricting the types and amount of reactive organic compounds from industrial sources. For
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Navy purposes, thess resirictions a1 most applicable to surfsce coating solvents, such as
katones and aromatic hydrocarbons used mainly in paints adhesives, etc, For shore applice-
tions, solvent emissions can be controlled by varipus means and processes. For ship applica-
tions and open cavironment, controls are practically impossible. The bulk of the coatings in-
volved in this problem use synthetic recin formulations; viz., epoxies, polyurethanes, and
vinyls {alkyds pose very litile problem comparatively}. For aircraft coatings, NAVAIR has
almost compleied the investigation and evaluation of the epoxy and polyurethane coatings
which use methyl isobutyl ketone and toluene as the problematical solvents. Resulis to date
indicate successfil modification of formulation and conformance to air pollution rules and
regulations. A problem does exist in the use of Navy antifouling paints—a viny! composition
{vinyl A/F) which uses xylene as the aromatic solvent. A maximum of 8% of tiiis solvent is
permitied, posing several difficulties in its use,
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b. Requiremenis. RDT&E is required to fonmulate an effective antifouling coat-
ing for ships’ botioms in conformance with the California rules and regulations, without any
loss of effectiveness, and with minimal increase of cost compared to existing spacification

. formulation. The problem is subdivided into three potential svenues of approach:

{1} Substitution for the xvlens {8 carbon aromatic) solvent with less reactive
organic solvents,
{2) Substitution of other resinous ;nateriais for the vinyl

{2} Development of new ceating with water-based formulation, to practically
eliminate al! organic solvents.

c. Vinyl A/F Related Water Pollution Problem. An adjunct, really related to
water poliution, the Navy vinyl A/F contains copper oxide. {as the bamacle detesrent) which
depends upon chesnical leaching by the water for its biochemical action. The Navy is inves-
ngat.ng Q:ganomuaﬂr (irjbutyltin oxide, triphenyl iead acetate) as contact rather than Jeach-

iig out poisons. These compounds sre also used in Jower concentrations than the copper com-
pounds. The organic metallics are more localized {rathey than ion diffused) for coating pro-

tection, and used in less amounts, thus they may prove o be less toxic to other marine biota
and thus less of a water polivtant,

ok

i

d. Afrcraft Deck Coatings. A/C deck coatings are based-on alkyd, epoxy, and
urethane formulations. Approximately 100,000 feet of coating per dack are nsed for flight
and hangar decks, and areas of heavy traffic. Althougn thesolvent concentration would be
less than the vinyl A/F or vinyl A/C coatings, assessment of the nature and extent of this
problem should be made to determine complance with California rules and regulstions.

n
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V., POLLUTION PROBLEMS ASSOUIATRD WITH NAVAL ORDNANCE SYSTENMS

COMMAND

A, INTRODUCTION, The situation existing et soveral Naval Ordnance Stations (NGS)
indicsted noncomplian.c with existing local or federal esgulations for Alr or Water Quality
Controi. Several NOSs reported open burping of excess or surplusexplotives, wood from
crates, eic. Basicaily, one can initiate militury construstion rguests for incinerators and
sewage treatments at the variows instaliations. Rather than convert one severe pollution problem
to 2 milder one, it would appear . ;t some considerstion be given to the concept of poliution
prevention—whers reclamation and salvage of some ordnance materialz can be economically
and technically feasible, and other material disposed of without sdditions! poliution of' siv,
water, or Jand. This is in essence the approach to be taken by NAYORDSYSCOM in solu-
tions to its Environmental Protection and sesources copservation probiema.

B. EXAMPLES OF ON-GOING EP WORK. Examples of NAVORD on-going effort
related directly or indirecily to environmental quality, prior to this survey and the issusnce
of the Executive Order which demonsirate the above thems, are listed as follows:

1. Surplus wood from ordnance crates (dunnage) is conveved to a spesially designed
shredder, Ferrous metal fragmenis are magneticaily separated from the wood chipe and the
resuliant chips are cold to coramercial buyers.

2. Inlieu of open buming of the organic explosive TNT, a small R&D project is

cusrently underway, investigating the feasibility of biologics! {microbial) degradation or
metabolism of the chemical to a nor-hazardous, non-toxic product,

3, NAVORD is the DOD coordinator for the silver reclamation program. Sibver,
because of its high cost, is salvaged from used photographic; and X-ray niegatives. In a majotity
of the cases; the film is carefuily kameé in s commercially avﬂ!ab%c rediiced-atinosphere
incinsrstor. When the tomperaturt Sontrol fails, the siiver i fost with the rest of the ash up
the stack. Some chericul stripping process is 2lso performed; but the negative base must be
incinsrated to assure non-comproniss of military security itemis, As explained in one of the
attached profect proposals, zn attempt will be made fo chiemically etch the negative base

stock to completely erase any silver deposit, so that reuse or reprocess of the base can be
economicsily and technically possible, NAVORD R&D of snickeless binary explosives is
predicated on military {actical reacons and nof related to or & consequenca of polluSon

controt,

C. NAVORD APPROACH, Extensive discussions were held with CAPT Z. C. Trzyna
(ORDO461), Mr, H. Royilance (ORD-048), whe Is the NAVORD pollation control project
coordinator, and Dr. A. Amster ’OR‘.}Oﬁ} with the theme hopefully being reclaim, reuse,
resale, and polltion prevention, It is recognized that in this short pericd of time, NAVORD's
g-;ai{;xiian problems cannot bs methodically identified and quantitatively analyzed. Inaddi-
tion, there is very little informastion avallable from other services regarding oxisting state-of-
the-art in tzcatment and control technofogy to the ordnance items. The U.S. Army has the
responsibility for manafachice of the explosives and has, in fact, sponsored R&D effortin
new methods of synthesie of TNT with minimal poliution of the air and water (Picatinay
Arsenal contract with Stanford Research Institute), Information obtained from U3, Army
OCRD (Office of Chemical Research and Development) revealed their sponsored effort in i
vestigating chemical methods for elimination or Gisposal of a iarge amount of stored 1ead

AF
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szide. NAVORD's propoused pollution control program appears 16 be original and novel, not
”**pAcatmg any existing or plannad program of any other federal agency or commercial w.-
tvity and warranie full Navy support.

AIRFGRCE AND NAVAIR PROPELLANT POLLUTION PROBLEMS., The Alr
Farce %;th responsibility for the development and deployment of the Minuteman missile
system, has investigated air poliution problemns related to combusiion of the propeliants.
Toxicity and other hazards involved in the exctic fuels (Berylium, boranes, etc.) while re-
flected in Navy documents (NAVMATINST 6240.1 of 27 Sep 1967) is heing further eval-
uated by the Air Force (SAMSG, LAF Station}). There is 2 potential air poliution prohiem
related to the Navy FBM system and NAVAIR’s air-to-air and air-to-ground propetiants, the
contsat of which is a classified matter. The NAVAIR missile propellants are both liguid and
solid. Rather than include this item in this submission, CNM (MAT-03) is referred to Mr. L.
Siiver (NAVAIR-330) for more datails and possible inciusion in the NAVORD (or NAVAIRS)
163{; 5. Use of liquid propellants with the Navy’s Bull Pup missile and the AQM/37 air target
ﬂystcm represents a strong safety problem rather than ope for air or water poliution. Itisto
be nited that the NAVORDSYSCOM effort in the development of ammuniticn, explosives,
propeilants, and chexntical waste material disposal through reclamation, salvage, chepical or
hiological degradation to reduce air and water pollutants will have applicability to the solution
of similar problems of the fleet, CNM, and other DOD activities. (Ammunition and explo-
sive waste materials exist at air and ammunition staging areas under cognizance of the fleet,)

E. NAVORD R&D REQUIREMENTS FOR POLLUTION CONTRCL IM ORDER OF
DECREASING PRIORITY

1. Pollution Survey. There is, at the present time, no thorough catalog of the extent
o which NAVORD activitias are contributing to poliution. The necessary preliminary assess-
ment will be prepared under O&MN funding which has been requested, Environmental deg-
radation attributuble {0 exploratery development can be studied only with additional fund-
ing. Much of this developmental work invclves high energy, exotic, often *oxic chensicals;
therefore, the inventory must be prepared by techsical personnel skil'ed in this highly spe-
cialized field. The proposed “catalog” will be assembled by such scientists after conferring
with thel Navy coum rparts who ars active in {his technology. It will addreas present as well
as future probleq areas. Without the invéntory, it will not be possible to plan a coordinated,
baianced pollution abatement program.

2. Explosive Reprocessing. Approximately 25,000 Ibs. of explosive scrap (from
processing, logding, seworking) are burned daily. The waste consiets mostly of RDX, TNT
and Explosive D. Undoubtedly these matesisls can b2 reclaimed by soivent extiaction and
by recrystallization, It may even be possible, in some cass, merely to ballmill some of the
scrap as the only step prior to reuse. Suitabie solvents would be: zcetons for RDX, hot water
and alcohol for TNT, and hot water for Explosive D. The precisc procedurss remain to be
worked out and then scaled up. Some performance testing would be appropriate.

3. Biocdegradation of Explosives, Currently ovesage and scrzp explosives are dis-
posed of by either detonation or by burring. Both methods of disposal lead to the air pollu-
tion problem. Although explosives may be neutralized by chemics! decomposition, such &
dispessl technique is time consuming and usually reserved for laboratory-zize samples. Large
scale chemical decomposition would be ot best & hazardous provess. Preliminary studies on-
ducted to date have proved the fessibility of non-viclenily degrading TNT by use of the
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scherichia coll micro-organism. Initial studies indicate the degradation on 3 small scale 15
yompie.a withi 30-43 dg7 s the investigators feel that the same {ime {ac i or would appt
10 scajed up quantites of T.’\If. Such disposal would lend itsslf o lagoon type digestion
met‘zcés.

4. Propeliant Reclamation. It is reporied that approximately 15 tons of propeliant
are destroved daily by buming. There may well be little chance of reusing the waste forits
original purpose, but there are other attractive uses. For caxmple, composiiss can be treated
with alkali to degrade the polymer. Macersticn should follow, and the oxidizss can be
leacned out either for recovery or for use in solution, The residue, pechaps, can be used a8 a
building matenal, after compaction, or as a conventional, nonpolluting fusl is special bumners.
Singls and double-base propsliunts can be degraded in strong alkal: and the ingredients sep-
arated with suitable solvents. Possible uses are as fertizers, indusirial chemicals, ete, The
proposed methods, of which thers ars several, need 10 be evaluated and optimized.

5. Flars, igniter, pyrotcchaic disposal. Many thousands of pounds of these materiuis—
usually overage—are destroyed daily by buming. This is a particularly noxious situation be
cause the ingredients often include heavy metal salis—often highly toxic. Possible solutions
include ballmilling of the powders, pastes, and grains followed by sslective solvent extraction
and ingred.ent recovary. Because each system represents a special sltuation, & vadety of

methads must be studied and svaluated,

6. impraved Test Methods Approximately 12,000 Ibs. per year of explosives sre
deliberately detonated in underwater tests. Additionai quantites are tested in air, Such tests
are ¢copguctsd, generally, in public waterways, asvigable streams or in the ocean, Damage to
comnercial interests, public irritation, and ecological factors often are involved, Although
NAVORD now has 2 program aimed at developing small s-ale tests 30 obvizte the larzer ones,
thiz program needs emphasis, Such an cffort is a long-termm one and results will be slow in
forthcoming. They will be sttained only with theoretical studies supported by appropriate

experiments.

7. Rework of OTTO Fuel. G’i‘f(} fusl is 2 nitrate.ester monopropeliant used in the
Mk 46-1 and Mx 48 torpedoes, Under storage conditions, water and other confaminants are
picked up. It is now fudt that the absorbed water incregses the vapor pressure which increases
the toxicit the fuel. Normal procedure is to dispose of the fuel from a charged torpedo
as those to; . Ioes are being serviced on board the submarine tenders. Normal dispossl of the
fuel is .¥ buming Should s capahility be developed to rework the GTTQ fuel on board the
tenders by removal of absorbed water and other con:armnamﬁ, savings would result bot“ in
recovery of the basie-nropeliunt for reuse and in eliminstion of a pghutzongmb}sm. Develop-
ment of 2 safe econenycal means of reworking OTTO fusl at the shipbaard lavel f mainte-

nance wilt be investigated.

8. Silver Reclamation (See page 483,

9. Addendum to Each Present Task with Poliution Abatement Overfones. A new
requirement of csch ORDTASK will be that each Investigator sxsming his work and his
specialty. He will bo required to report the extent to which his program is contributing to

poilution and to prepare suggesiions for abatement.
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VI NGISE ABATEMERT

A. INTRODUCITION

. ~

i, The problem of airborne noise and s =ffect on may
asing concern by the i’reqde ii ongsess, federal

;.J\

have beea viewed with in-
sencies, and local and state sress v

eci kiiy those that are proximate to large airports. As with ali pollution, nolss produces
sdvarse physiclogical effects on personnel. damage 16 materials snd structures; 2
Navy combat effectiveness by providing the enemy with scoustic signals for det e»% ion. Roisz

15 genersted by many _,m: ea—sm;}baar machingry (such as pumps, compressors), rapidiy
moving propeliers, forced draft biowers, electuical yoansformers, and, perhans worst of all,
aircraft eugines,
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2. Federal legislation, Presidential executive orders, and DUD policy reflact the
magnified importance of noise abatement gs an integral pait of the Env.ronmental Protection
Program. In raore or less chronological ozder, on 8 Feb, 1569, DDR&E requested the Secre-
taries of Militarv Department. to 3?}»1 ¥ the provisions of the Noise Abatement Act {auplicable
to commercisl axmaft} 1o military aircraft consistent with safety and perfonnance. Walsh-
Healey Public Contracts Act of 20 May 1969 set rigid environmental noise level requirements
for government confractors. On 23 Ian. 1970 SBCDEF notified the Secretasy of Commercs

that DOD will continue to support the Intsragency Commitiee on Noiss Abatement, In
March 1970, a Predidential memo wac formulaiad on the Abatement of Nopise Pollution, This

it rrr ey rid Yesw & ER SR T + 228

meme established the spscific responsibilities of the agencles icluding DOD, “The DOD s
directed to conduct noise research and egtablish standasds for the unigue or special situstions
enconntered and make such information available through normal channels within the mits

of national secusity.”
B. PURPOSES OF NOISE ABATEMENT
i. Harmful effectzof ex§assi¥e airbome noise must be reduced io:
a, Alleviate the problem of acoustically~induced structursl fatigue—{calied
“sonic fatigue”™) especially for supersonic aircraft—an effect that iz aggraveted when superim-

posed by low-frequency vibrations, heating, and-static loads.

b, Provide an effective commuu.ications environment Gneluding problems of
speech interferencel.

¢. Eliminate the possibility of per 1anent hearing damage—again very applicable
to flight personne: angd ground crew,

d. Minimize degradation of human performance—short term memory, manual
motor performance, disorientation, stc.
?

g. Decrease annoyance and degradation of moraie,

s And M ~§ Nasicl =3 3 tevyrivast < PP
enemy detection of Mavsl alrcraft involved in reconnaissance/

survezlignee and special
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2. As with other Naval poliution abatement probiems. solutionz for noise reduction
should be accomplished with mintreum sacrifice of performance effectiveness, weighi, and
cosi. Noise abatement R&D must also include such parameters as fiequency, amplaude,
spatial and temporal characteristics, eic,

C AIRCRAFT ENGINES

1. The two major sources of noise are those associated with aircraft engines and
shipboard airborne noise. NASA (LANGLEY & LEWIS) has the prime federal agency respon-
sibility for R&D in aircraft noise abatement as rcfiected in the funding cited in Table § for
the three year period FY 1969-1971. A list of typical research efforls being conducted by
the federal agesicies is includad as Tahle 6. Noise derived from aircraft originates from the
moving parts and air within the enginc, and the e¢jection of the air and gaseous products
throngh the jets into the atmosphere, Because of the exiensive effort by NASA, and, of late,
a significant increase by the Air Force, Navy R&D in this area has been supported at a rela-
tively low level of funding. As with the engine airemission program, results of noise abate-
ment R&D conducted by the other government activities will be implemented directly into
the Navy.

2. Resarding propulsion noise sources, MASA ha. an extensive acoustics R&D pro-
gram that includes basic studies of propeliers, rotors, fans, compressors, and jet exhausts—
atmospheric noise propagation, Application efforts are concerned with development of sacil-
ities and equipments for full scale model tests and engine fabrication, and the specialized
instrumencation for noise measurements,

3. The Department of Transportation’s Noise Reduction and Control Program in-
cludes the foliowing highlights:

a. Investigation of the parameters that effect gencration of noisc from aircraft.

b. Development of guidelines for engine redesign to minimize the noise and the
ensuing hardware modifications,

c. Development of improved techniques for noise abatement.

d. Safaty aspecis of noise abatement procedures—{light protiles and ground
operations.

€. Systems analysis of all aspects of aircraft noise abatement including the tech-
nical, economic, operational and psychological features of the problem.

4, Objectives. Since the problem of aircraft noise abatement is applicable to hoti
military tactics and Environmenial Protection, a two-fold overall cbjective has been described
for this program as follows:

a. Develcpment of quiet propulsion technology and systems for aerial recon-
naissance/surveillance and for special operations aircraft without cignificant loss of mission
effectiveness,
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b Devclopment of technalogy to reduce general sirovaflt propulsion noise levels

below proposed government standards for civilian (os well 5 military) health and welfzre
enhancement.

5. Navy Effort, The major Mavy effort with sircraft noise abatement includes the
following:

=

a. Quiet propulsion studies for the TRIM aircraft (Trails and Roads {nterdiction
ﬁm} This is essentially concerited with propelier aircraft, using either reciprocating or
turbine engines. For the former engine, effort is being direcied toward ike Wanke! Engine
principie—using rotating rotors in lieu of pistons, and utilizing automastive type exhaust
mufflers to handle the reduced air flow.

sl SELEARENAY

b. Standard Navy Engine Test Cell at various NARF's. Desigs and fabrication
of test cell facilities using concrete and acoustic linings to reduce the nose level over ail’
frequencies by a 75 dB drop at a radius of 2003 feet—equivalent reduction {o “Sleep criteria.”
The relatively noisy 375 jet engine will be used for noise spectrum generation. Design of the
test facility is to provide the capability of handling ant’.ipated jet engines for the 1980 decade
requirements,

¢. Engine-in-airframe Maitenance—During the engine maintenance and overhaul
period (while engines are being run;, aircraft are checked for integrity. Procedures und wur-
rangements are madec to abate the engine noise {back end in, sound screens, placed near ¢x-
haust, ef¢.). Planning criteria required.

d. Jet Engine~-Limited effort is conducted by the Navy in the abatement of uoise
from jet engines, which is greatest during take-off. The limited effort has not produced any
significant benefit. Noise abatement by adjustment of distance between stationary and rotst-
ing compressor or fan blades can only be achieved by reduction of the thrust andfor flight
range—which is unaccepiable. Results from the NAXA Quiet ¥ ngine Program wili be directly
applicabie to Navy aircraft. The Air Force is investizatit - «.: uation of jet engine sxhaust
noise by droplets of a liquid dispersed in the gas phase (* .« astic Absorption and Diffraciicnt
by a Cloud of Vaporizing or Condensing Liquid Droplets 7.

B o g o A b M R R

6. Navy RDT&E Requirements. In view of the exter ive effort conducted by NASA
on the “Quiet Engine Program’™ and the high risk of achieving noise abrtement with the
limited R&D funds available, no new requirements are recommendey

D. SHIPBOARD NOISE ABATEMENT

i. Aside from aircraft engine noise, one of the principle areas of noise assnciated
with Naval operaticns is that of shipboard equipment MIL-STD-740B (SHIPS) Notice 1 of
22 Jur2 1965 is a “Military Standard, Airborne and Stsuctureborne Noise Measuremenis and
Accepiance Criteria of Snipboad Equipment.” Airborne noise is considered undesired
sound n air; structureborne noiss is undesired vibration in or of solid bodies such as machin-
erv, foundations, or ship structures.

2. As sxpressad previously, shipbozrd airborne noise aifects personnesl in three sig-
nificant ways—(a) exvessive levels can interfere with the ability 1o communicate commands,
(b} compensable hearing damage may secur, and (¢} reduction of personne! efficiency vecavw,
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0; annoyance or sleep loss. Principal attention hes been given to steady state noise without
prominent icnes, and it has been found that levels exceed by 10 16 20 4B those considered
accepfable in a nonshipboard environment., Many shipboard noises, however, actuaily do con-
tain pure jones of are intermitient, impuisive, or fluctuating in level: they have received mini-
mal attention. These findings are contained in 2 NAVSHIPS's {037) report ©*Stea ly State
Ajrborne Noise Criteria for Shipboard Spaces™ dated | April 1970, which also recommenderd
new sound levels Tor shipboard spaces in terms at sound leve! A (dbA).

3. Problem Definiticn and Approach. The initial step in shipboard noise abatement
is thie deternination, through laborazory tests and shipbeard measuremesnts and sugvays, of
the effects of the vanious types of noises described above on hearing, speven intelligibility,
psychophysical responses and physiological processes. Means must also be developed fo de-
fine and measure the noises in a meaningful way. The next step is the deiermination of the
contribution of various equipments and systems 1o the overall noise ambient. Apari from
sngine rooms, the most serious problems arise from flanking paths and sources in nearby
spuces and comparh.ents. Finally, means must be developed to reduce the contribution of
systeins and equipment to the overall noise backgronnd. In addition to the survey and quan-
titative measurements, pertinent particulars of the surroundings will be noted (thickness of
rulkheads, existence of acoustic treatment or resilier.t mounts, feasibility of installing treai-
ment, etc.). Basic work on criteria 2ad measurement techriques has been performed at the

Ngvy Underwater R&D Center (NURDC), San Diego.

4, Navy Eifort

a. Aircraft Carriers~The concept of insulation of flight and hangar decks was
compistea a decade ago. Noise reduction at present is accomplished by modifications in the
airzraft enzine < peration: mixing outside air (3 cr 4 to 1) to slow down and cool the jef ex-
haust—and vhanging its direction (deflcction from *straight out’) to reduce noise propagation.

b. Smalt Rests~Studies of radiated and on-board noise (performed by NSRDL/A).
Significant improvemamis have been achieved *u the fonn of high performance mufflers, im-
proved absorption and barries imaterials in engine compartments, silencers in air intake duct-
ing and acoustic treatment in cond:ol and living spaces.

.

¢. Submarines—Rels od t¢ 3 important mission effectiveness item of under-
water detection.

d. Minesweeping Boats (MSB 1)- Reduction of noisz fronr the MSB stack, where
gas turbines were used Tor prime movers of generstor sets, The problem was centered on the
high frequency noise that would be harmful to the tearing of the crew, and the possibility
that the airborne noise wou'd be very severe to persunnel & proximity of the boat.

5. Bureau of Medicine and Surgery (BUMED). BUXTP i directly involved in the
health and safety aspects of naval military and civilian personnel L. asughout the Navai Estab-
fishment. In the Noise Abatement Program, CDR Barboo of BUMETD {732) initiated SUMED-
INSTR, 6260.68—Hearing Conservation Program of 5 Macch 1974 whith outlines the heasing
damage risk criteria and personnel protection methods for control of nvjse sshere or afioat,

6. RDT&E Requirements. A limited RDT&E effort has been condueted i HAV-
SHIPS with NSRDLJA suppor?® un the effects and conirol of shipboard airborne noise. As
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stated in Problem Definittan, 2 more inie:sive program is required fo reduce noise {o accepi:
: able fevals, including 5 study of the tonal ond nonsteady noises. The reduction of noise
- levels below those recommended by the Bureau of Medicine and Surgery would be desirable,

- withoui significant sacrifice of weight and cost, and coniributing 10 improved mission keeping
B capabifity.
TABLES

AIRCRAFT NOISE ABATEMENT RESEARCH FUNDING LEVELS

$ Miltions

: Agency : -
- FY 69 FY 76 Y 7l

DoT 61 .33 3.0
- NASA 19.50 12.10 1158
: DOD 2.00¢ 2,50° 2.16°
. 3.60** .46t 6,007
Industry 20.00 20.00 15.00

*Primnary Emphasis—Reconnalssance/Surveiliance Aircraft.
**Development and Consiruction of Aircraft/Engine Test Stand.
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TABLE 6
AJRCRAFT NGISE ABATEMENT-FEDERAL AGENCY RESEARCH FFFORTS

2t
Z
S

DEPARTMENT OF TRANSPORTATION

Noise RKedsiction srd Control

Systems Analysis

Sonic Boof Generation 2nd Propagation

Human znd Animal Response te Sonic Boom

Structural Respense fo Sonic Boom and Sonic Boons Iesurrssentation

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

G

(et Engine Program
Propulsion Noige Pradiction and Reduction
= Acoustic | ming Studies
= Atmospheric Propagation of Alreralt Noise
£ Neise Resewch 2ty Development
i;-; DEPARTMENT OF DEFENSE

Army: Reconnaissance/Survelllanes Alrcraft
Helicopter Aure! Detecticn
Gear Box Neine Reduction
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TABLE § {Continued)
DEPARTMENT OF DEFENSE (Continued)

Air Force: Quiet Aircralt Study
B Acoustic Rescarch
Piopulsion and Atreraft Asoustics
Aiz. raf{1 Nojve Measurement Program
Airerafi/Engine Test Stand Supprezsors (ASD)

Navv: Aireraft Carrier Environment Studies

Quict Propulsion Studies (Trim Aircraft)
Aircraft/Engine Test Stand Suppressors
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Agency

; National Air Pollution Control
Administration

v,

Atomic Energy Commissicn

I TRTTCH ARIOYAIHY Tt £ 40w

Department of Defense

UG IR

Department of the Inierior

e e T e e
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APFENDIX A

FEDERAL AGENCIES INVOLIVED IN PROCRAMS TO REDUCE EMISSIONS
FROM MOBILE SOURCES

Program Arca and Dates

Cantrolling agency for al! zir pollution programs funded

by U.5. Department of Hezlth, Education, and Welfare
{See Appendix B}

Orzanic RankineCycle Technolngy Investigation (19565-72)
Status of High Er<vgy Battery Developments (1959-70}
Bimetallic Systems Program {electric power) (1969-75)
Stratified Charge Engine (1969-790)

Smoke Reduction in Turbine Aireraft Engines {1969-70)
Industrial Gas Turbine Family (1969-75)

AGT-1, 500 Gas Turbine Development (1969)

Electrochemical Energy Storage for Vehicle Propuision
{1969-73}

Expioratory Fuel Control Research (1569}

Basic Combustion Research on Intemnal Combustion
(1968-753

interactions Between Fuel Composition and Engne Fac-
tors Influencing Exhaust Emissions {1969-75)

Products of Zombustion of Distiliate Fuels Used in Mobile
Systems (1969-75)

Evgloatien of Fusl Composition Effects on Continuous
Flow Combustion Propulsion Systems {1%69-73)

Characteristics of Photochemical Reactivity of Vehicle
Emissions {1959-75)

o
e




Agency

2rogram Area and Dates

Department of Transportation

Generai Services Administration

National Aeronautics and
Space Administration

Post Office Department

Measurementt of Smoke from Gas Turbine Engines (1969)

Computer Progranis to Define the Influence of Combus-
tion Parameters in Turbine Engines (1970)

Study of Visible Exhaust Smoke from Aircraft Jet
Engines (1969)

Rankine-Cycle frenn-Engine Bus System (1969-70)
Rankine-Cycle Steam-Engine Bus System (1969-70)
Stirling-Cycle Bus System (1970-71)
Hybrid/Electric Bus System (1970-71)

Providing Fleets of Vehicles for Use in Demonstration
and Mileage Accurnulation Tests

Fleet Test of Natural-Gas Powered Vehicles (1970)

Development of Thermal Reactors for Vehicle Poliution
Control (1969-71)

Studies on Boilers, Pumps, Radiators, and Condensers
(1969-72)

Metal-Air Batteries (1971-75)

Interagency Advanced Power Group (1969, 1971) (In-
cludes AEC, DOD, HEW. and NASA)

Fieet Test of Natural-Gas Powered Vehicles (1970)

R e L e i




APPENDIX B

PROGRAMS SPONSORED BY NAPCA TO REDUCE EMISSIONS
FROM MOBILE SOURCES
High Efficiency Induction Systems Evaluation (1969-71)
Carburetors, Reduction of Engine Exhaust Emissions {1963-70)
Influence of Fuel Atomization, Vaporization, and Mixing on Exhaust Emissions (1969-70)
Kinetics of Nitric Oxide at High Temperatures (1969-70)
Alternate Low Emissicn Fuels for Motor Vehicle Propulsion (1969-70)

Effects of Gascline Additives on Carburetor and PCV System Performance as They Relate
to Exhaust Emissions (APRAC-CAPE-2) (1969-70) *

Emission Control Technique Evaluation (1969-70)

Evaluation of Exhaust Gas Recirculation for NO, Control (1969-71)
Demonstrate Feasibility of Control of NO, Emissions (1969)

Control of Nitrogen Oxides Emissions from Mobile Sources (1969-70)
Control of Particulate-Emissions from Mobile-Sources (19€9-70)

Evaluation of Effects of Fuel Composition and Fuel Additives on Particulates in Exhaust
‘Emissions (1969-70)

Fuel Volatility Effects nn Drivesbility and Emissions (APRAC-CAPE-4) (1969-70)
Automotive Fueling Emissions (APRAC-CAPE-9) (1969-70)
Study of Two-Stroke-Cycle Spark-Ignition Engine Emissions (1969-70)
Devélopment of Einission Factors for Off-Highway Internal Combustion Engine (1970)
Control of Emissions fiom Diesél-Powéred Mobile:Soutces (1970) -
Control-of Particulate Emissions from-Mubile Sources (dieset) (1970)
Fuel ‘injectioh«S}sténi Anatysis: Diesel Smoke Reduction (1969-70)
Investigation of Diesel-Powsted Vehicle Odor.and Smoke (1969:70)
Diesel Fuei Combustion Chemistry as Relatéd to Odor.(1969)
‘Contiol of Emissions from-Aircraft (1969-70)
Rarikine-Cycle Propulsion Systeiis tor Vehicles (1969-70)
Low Emission Continuous Flow Conibusters for Vehicle Propulsion Systems (196976)
Rankine-Cycle Bus Ernission Evaluaticn (1970}
Gas Turbine Exhaust Frnission. Analysis (1969-70) -
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Irradiation Chamber Studies (1969-70)

i’hctochemistrv and Kinetic Investigations (1965-70)

Eieme stary Reactions in Photochemical Smog (1969-7¢)

Fivld Studies of Photochemical Air Pollution (1969-70)

Atmospheric Reaction Studies in Los Angeles Atmosphere (APRAC-CAPE-7) (1969-70)

New “echisiques for Exhaust Emiissions (sampling) {1569-70)

Analytical Methods for Aromatics and Particulates in Auto Exhaust (APRAC-CAPE-12) {1970)

Improved Instrumentation for Determination of Exhaust Gases for NOx and Oxygenate
Content (APRAC-CAPE-1 1) £1959-70)

Chamber Reactivity Studies (APRAL CAPE-1) (1970) )

: Response of Urban Population Groups to Diesé! Exhaust Odors (i 970)-
E Diesel Exhaust Odor Characterization (APRAC-CAPE-7) (1969-70).
E Sampling System Evaluation (1969-70) -
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CO Feefile Study (1970)

= Diffusion Model of Urban Atmosphere (APRAC-CAPE-3) (1970) -

A ittt A

!
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E Study of Air Pollution Aspects of Vatioiss UsGian:Forshs (1970)
Development of Initidl Guidéline-Docurment:(1970) = \
1 Al Pollution Aspects of Various: Roadway- Conﬁﬂratiom \Lower Manhattan Exprmay)
E  (1969-70)
; : Dcvelopmnt ofa Longdhngc ngmm Pian for the Air Poilutton Aspects ot‘ Envxranmcnta! -
© ‘Planning (1969-70) o L E
E Engine Emission Reduotion by Coribustion Coiffol (1969) L \
~ . ‘Kinetics.of Nitrogen Oxides Automotive, Ponutmnu%e-m o
f - UCBENG-2045Combistion Gas Composition (196970, ~ .. o 1 i
5 Kirietics of Oxidatiorrand Quenching of Combutibles i Exhaust: Systems of Gmlme T §
Engines (APRACCAPES) (156510 ; | 1
Rclmon cf Fuel Cmnposmop__ ‘Gaseous Exh ,ssions ‘m Automofzve Vehxcles
COHI969T0) T T m TR o e i .
- UCV-ENG-3365-Aromatic B ByoPmducnofCombusm (1959-70) e _ e g B
i Liquid Fael Tgnition and Combustion (1969:70y-..-=~ == - oo = oo §
Gasoline Composmgn and Vehicle Exhatist Poiynucieu Ammmc Content (&PRAC-CAPB-cs} ‘ i
(1969-70) e N
Combustion.FProcess Analysis (1969) Tt o _ u :_'" o :%
“Oxygenates in Automotive Emissions (1969:70). L TR g
Use of Electiic Fields ifi Combustion (19@9,79)_. % DRI %
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Long-Range R/D Program Man for the Development of Motor Vehicle Control Technology
{1969)

Long-Range Program Plan for Combustion Reser¢h (1 969

Loeng-Range R/D Program Plan For Air Pollution Instrumentation (1969)
Cost Effectiveness of Hydrocarhon Control (1969)

Technical Seminars, Advisory Committees, Etc. ¢ 1969)
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WASHINGTON, D.C. 20390
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REPORT OF U.5. NAVY ENVIRONMENTAL PROTECTION TROGRAM
4 DRICHRIPTIVE WO TLS (Type of tepart and inclusive datea) ) -
. Sumpeary Report
r:( Ao Uy DAL} (First name, niddle iniiial, lost name}
J. L, Kalinsky
6. AEFURT DATK . ]78. TOTAL NO. OF WAGES 75, MO OF KEFS
21 August 1970 70 - 60
$a, CONTRACY OR GRANT NO. 2. ORIGINA TOR'S AEPORT HUMSER(S)
RA
5 Paosecrno. P 38 532 i
Program Element £27141
€. $h, OTHER REPTGRY NQIS) {An ? OIALE BRuMdITS l'hnuy &n enlmu
ihfe report)y
LA

10, DISTRISUTION STATEMENT

Distribution ilimited to U.S. Gov't agencies only as document covers the evaluation
of commercial products and military herdware. Other reguests for this document must bg
referred to the Chief of Navel Meterial (Code MAT ollip) - .

11, SUPPLEMENTARY NOTES 12, !PDNSO!INQ MILITARY ACTIVITY

Naval Material Command, Ravy Department
W&shingten, D. ¢, 20390

) " area, After listing the major operational problems, the existing state-of-thz-art
. approaches and technology are described, and where applicable, a technical appra.iso.l

l‘}b.ifﬂltt

This report define= the Envircrmental Protection Problems of the U.S8. Navy, aa.hcre
and afioat, and sets forth meaningful RDTLE requirements for each pollution prctlem

is rendered for short range snd long rg.xge aO;.dviOuS._

i product) aré advanced.’

“Major Kavy problens congidéred sre: hip‘board sanitary vaste tre&tment and dispossl

_EPter ‘having- coordinated with cogniz....t redev-aI ;gen ies, requirements are 2ateblizheqd

. which reinforce and concentrate Havy resources in criticsl areas. The. prineiples. of
pollution prevention and conservation of résources (treatment of waste or surplus

- material by reprocess, purification, and reclamation te provide a reéussble or salsbie

_ Bystems; oil polluticn of water resulting from yurping of bilges, deballasting of
fuel or cargo oil tanks, pumping of tank slop, accidental snd delibarate fuel (JP-5
contamination) spillage, aircraft engine exhaust emissions and hoise; and ordnance.

" materisl (explosive, propellanf:s, pyrotechnics, end Otto fuel) reprocessing and re-
clamation.

Other problem areas included are: industrial, galley, and trssh wastes from ships;

shore and ship destruction of c¢lassified materisl; ships' anti-fouling paints; ajr-
era?t cleaning and stripping; shipboard noise abatement; -and saste oil d:.sposala ;
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