amines, such as alhylane diamine and
l.6-hoxana diamine, which sct as
surlactants fo assist in matching 1he
Lol and solven| salubllity chamaaior-
isiics, Powdered coal, amines, and
coal-derivad oll are mixed, hoatod |
300° 1o 400° C, and pumped away
fram 1he mine through 1ho plpeling, it
5 anticipatad thatl & pipe about 18 o
24 inchea (45 10 61 em) in damoter
walild bo saufikcient,

As b slurry maves through Ihe
Pipe. o8 much a8 70 percent of the
powvdared coal s Iquelicd under Hhe
influance of heat, progsure, tha ol
médium, and tha amine surfaciants.
(The ground in which the plpeting is
burlad Insulates Ine slurry, fixtaining
heat. )

1

slury is pagsed thiaugh a asparation
systam In which abput 30 1 50
percont of its oll conlent ls romaved
and rewrned to the mine thraugh a
parallel pipeline. The recyaled ol is
boced 1o new ground coal and fed
into Ihe sturry pipeling agaln, At fhe
infermediale procosaing statlon the
ronrecycled slurry s processed o
reducn ita ash, sulfur, and nitragen
content. The slurry, which consisls of
about 40 percent Naguld coal and i}
parcent coal sollds al 1hat poinl, is
refiered ana pumped through anclher
pipoling 1o he power station, which
may De as much as 2,000 miles away.

At 1he and of the line, the sy is
separaled by centrifuging Inle an ol
lraction and a coalslurry fraction

fraction is procassed further to reduce
ash, sullur, and fixed nilrogen confent
o o podnl at which the ol ean be
burned in a boiler withau Special
pallulian-con|nol equlpmant,

Thie caal-slurry fraction Is burned in
boilers that da have pedlutiomconing
#quipmant. These coal-sluiry-lited
Doilars furnish the basaload BNErgy
Culput, and the "'clean’ oll-lired baoiler
is operated for peakloads, With this
sralegy, [ho conl burning ganeralas &
minimum  amount of paliution, yat
capial ivastment in polutlon-cantial
eguiprment s minimized,

This wark was done by Warren |
Dowler of Cattech for NASA's Jel
Prapulsion Laboratary, For further
infarralian,  Circlo 35 on fhae TSP

AL an intermediole point about 100 contalning bBoth iquid and solid coal In Request Cerd.
mikes (161 km) lrom the mine, the suspension. If necessary, (he ol MPO- 14425
Fuel Gas From Biodigestion o
Easy-to-operate apparatus generates a8
methane for household consumption,

Marshall Space Flight Center, Alabama
GAGES

Tha epparatus shown in the figura
producas  fuel gas by anoerchio
bacteral digestion of arganic maiter,
such aa agualle vegatation, It includig
B simple, safe gas collacior for shori-
larm storage, and il genaratos Brougl
gas (pelmarlly masthane) for indhidual
or nom congsumption, One of ilg
primary  advaniagas ovar  previaus
designs iz @ buili-in, manually operal-
ad agilator that allows the vagelation
o b mixed pericdically o accelerate
gas praductian,

Already cevelopad and successiully
tealed I3 a8 a prototype, (he biodipost.
o1 conalels ol g 1,000-gallon {3, TBE-)
cylindrical container mounted  an
rolary  boarings.  For  loading, the
containgr is rolated manually 2o that
ils larga part is upright, Grass clip-
pings. leaves, and obher vagalalian
are dumped into the port, The poit is
tolted light, and the container |s
rolated until the port is al he botlom.
In ihis positon, the podt e below the
suflace of the misture, and air cannat
beak through it and Intertera wilh tha
anasioble digestion process.

The evalvid gas gathers ot tha o
ol the canlainar and passes thraugh a

EL ]

AOTAIRY

BIDDIGESIER
6B m LN, 5,05 i BIAKE TER)

FLEXIBLE

FLOATIMNG Ciag
COLLECTOR

WATER-FILLED
CAITER
COMTAINER

QA5 COLLECTOR
AND ATONALE
CONTAIMNER

]

Fual Qag Is Ganeratod lor Individusl of Hema Cansumplilen by snasrobic bactarial

digastion of vepeiallon in A rastary conlalner,
tube 1o @ floatlng collectar in a water-[)lled

Iars par day.

The evolved gas fends thraugh a coltad
barral, at the rate of sBoiut 500 i 20

HASA Toch Brlals, Speing 1570
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gmall Mexibde twbe Into the siorage
collecter,  Threa  stationary  bars
maunied Inslda tha tank atie  ihe
mixlure when the canlaingr is rocked
pack and forth. Thus, one can agiiats
the  mixlure  withoul  opening  the
cantainer and raleasing gas,

Tha gag colleclor is a lange invaried
canister in awalar-fillod barral. A4 gas
s Inbo ihe colleclor, Ihe canlstor
rmas (loating on tha water} 1o accom-
madnle he gag, The walar pravania
i gas lrom ascaping, and vertical
gukios kaap the floating canister from

gwaying o bpping over, Tho back
prisseura fiem e lilled canistar 15 nol
aulliclonl B upsal the  digoestkon
ProceEss,

The process produces gas ol tha
graatest rafe al & tamparaiure of 369
C. although temparaturas 5% O above
of below 1his valua 30 not saniously
allect the process. Whan The culside
alr empaiaiure falls below 31° G,
heated waler can be  circulabed
theaugh the Interlor o e digosier,
Pozsible heal sturces am gas em
thio eodigestor dsall of from o sofar

cidlector, Tho basic deslgn can bo
adapiad easily 1o largér gystems,

Thiz work was done by Rebocea O,
MeDongld and B. &, Wolvertan of the
Manonel Spacae Tech, Labacgtory for
Marshall Spaca Flight Center, For
firthar information, Chrole 38 on the
F5P Ragquest Cand,

(nquiries concerning rights for the
commarcial use of WS Inveniion
shoud De aodressed fo the Palent
Counsal, Marghat Spaca Flight Contar
[see page AR|, Refer o MES-23957

Optically Coupling Tunable Diode Lasarg

A get of mirrors and lenses to generate

multiple funable laser oulpuls

Langley Research Center, Hampton, Virginia

SpEciroscopes  thal usd  lunabde
wode lasaers [TOL's) as far-infrared
lighl &ourcas olien riquirg  multipla
TOL's o cover a wavelenglh rangs
unavailalzle from tha single lasar, A
propostd  optical-cowgiing  using
lenses and milrers  can  combine
soparate TOL aulputs and dxpand (ha
walwElEnglh  range.  The ploposed
mathod uaas a singlo codlor Rouging
and reguires ng moaving pars wallhin
tha coalar assembly

A earlier schema for obtaining
mlliphe lages oufpuls fram o single
coalgr hausing incorparaled a ralaling
cald hisad Supprbing 8 nembdr ol
TOL's. In ks complox machanicol
cesign, each laser is molaled info
poailicn wilhin \he coaler haad in an
evacualad low-temperalura  environ-
mant,

The proposad approach shown 0
i figuei i5 a package of three TOL's,
gaparaled by approgimately 5 omm.
These are imaged extemal to 1he
coolor by a paie of  garmanium
maniscus lensaz that will accommao-
diala Bath the lager gepataticn and the
divargent (aporaximataly FS 1, F baing
the F-numbed) wave Tronl from The
Indnvid il msdes, Tha ¢msrglng beams
are Incddually collimated and super-
Impoded onle a common oplcal axls
Dy ufding mirrers arented al (e
pragnr angles. The callimalad culpuls

MHASA Tech Briels. Spring 19709

IR LEMS

EVACUATED
COHOLER
HOUSH

COLINEAR
CRTICAL AXIS

AFERTURE

MASK ™= |

|
|
couumanng
|

LEMAES
I
W OUT
TLIFIM
IFRORE

j

WadileF D
T

IMACES

Thin Opiical Caupling Awangamant pradueas muliipie TDL aulpuis diam & singlo
cald head, A sat of lensos and mirross will roplace o complex mechanical system

usad lor the same puipose.

figmy (ke threo Ingers oro aclinenr for
interlecing with cther optles In (he
gystem. A aingle beam can be
selacied lrom |he multiple oubput by
inzaring orf remaving ihe  lurning
MIFTOIS AN an aperiune mosk o ke
image plane.

Trwr i 1o the numbser of TOL'S
thal can b handled in this manner
deponds upon the packeglng ol ha

lagar aredy and e numaic) opantee
af the imaging lens. \Wilh 1he sysiem
uglrated, an FAO.T fiest lons s
raquired o gather e radiaton from
each TOL.

This work was dong by D M,
fobinson amd C. W. FReowland aof
Langley  Rosearch  Center, No
further dacumenialion 5 seadabls.
LAR- 12438
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Treating Domestic Wastewater With Water Hyacinths

Gregnhouse system purilies water, exlracls

lerlilizers, and generates fuel

Marshall Space Flight Canter, Alabama

WORTE S0 waniewatod lioem andivids
ual nomes can be reated separalgly
Bnd eflectively by a syslem based on
watélr  Iyacinths, acconding o oa
recanlly proposad concepd. The treal-
maenl wolld puily 1the wasidwaler S0
Inal if Can be reusasd and would extract
UEREHD planl nultiente, pich B nibKERoN
and phosphors. In addition,  the
syslom could peeduco molhane gas
lor usa as fuel, When fully developad,
auch a syslam may supglanl zantic
lanks and contral spwage syatems o0
rural and undéesironped areas.

Thion (reatimend Ly¥EI0M conalais al i
qrésnnoesd in which fhe domaéslic
waste and wastewster [ow By gravily
Ihraugh  spiral channels conlaining
watlt  bacintbs  [seo figura). The
solulzle wasia 5 removed (rom tho
wastewater Be i1 fews (hiouph the
walor hypginth raols whdang chismical
claments (nitrogen and phasphorus)
ol rdimovod, Salid wanle softles oul
of thig waslawater and decamposes in
an anprckic dgeglion 1ank, producs
ing onowgn methane & heat the
grienhousa duning fhe winter months,
Adtar thie aalid wasle 19 remoeed, Lhie
purifiod  water 5 disinlecied  with
orong, wittngstol lght, o chlorine and
rescycled to Lthe house,

Trir wanie and wanlewater aiie
pumpad o e bop channel 0 Lhe
pgreanhouse, and o check valve i the
Man sewads ng prevanls backilow,
Refiaclors are  positioned  in The
preenhouss 1o Bght the yaciniba in
Lhe Bolom channols

Thit numbiar af fiquara leal [IMoara}
ol planis naeded vanes accordang 1o
Iheiir proselt rate. Undor condrollad
condiltone, e waler hyacinlhs grow
rapadly, increasing thair waight by 5 1o
1Y percent avery day

BIOOLE
i
AS FOR COLLECTION
MLATING H / i
GAEENHOUSE s
IHWINTER i il .

BRInED-
WASTEWATER
AETLHIR

EQDGEETER

Tmis Wasto- Aecycling Sysiem wses walar hyasinihs lo purily wastewaior and
genarale methana gas a% & byproduct. A gyslam with 200 12 (1.8 ﬂ'I-E:I of wates
hyasintbs would frant e waslowales GF o fombly & loar 1,800 Hvers ! cay) and would
genarale GO0 10 B50 fid (17 1o 24 i ol Binpas.

The flow channels in the gradn-
housa ghauld furnish 50 square oo
{4 685 pouare matars) of plant surface
area for avery person of (o 100
palkans (37 oa] of waslewalar, Thio
channel flow depth should be adjusl-
able liom 4 o 12 inchos (10 M &3
cenlimatars) so thal the relention mie
can bo variod according f the walar
quality desbrod. Once the balanca of
nutient loading 1o plant  biemass
produced |8 aslablighed, oscods

waler=hyacinih growth can be hai-
vested monthty and converted by
ananrobie  dgesiion o additiongl
miElhane of by compoating 1o organic
feer il aoed sail condibionsr,

This work was doms by Aebecca .
MoDonald and 8. C. Waolverion of [he
Mattanal Spece Technology Labaralony
for Marshall Space Flight Center.
Fow furiney infarmatan, Cirgle 58 on
ihg TEP Request Card,

MFE-23064
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Aquatic Plants Aid Sewage Filter

Superior water treatment is
oblained al low cost,

Marshall Space Flight Center, Alabama

A miolhod o wastewator frealmin
COmbings micro-Wganiama and aquatic.
ANt ool ina e bod. In th st Bl
of thi process, anaerobée selting takes
Face in a soplic tank, & covinsd
ANBBro kQoon, an |mhall tank, or any
sludge-collecting and shudge-digasting
Chambay, Alter & minimuam reatment
pariod of 6 hours, the suparnatant liguid
fromm  tha sludgecollecting tank s
pumped inlo the bollom of the hybid
filtor ayslem conalsting of micio.
organisms and plants (see liguee),

Treatment aocura as the liquid Nlows
ug through the syssem. Micro-organisms
Ihal have altached themsehves [o the
focky baga matonal al e Her acl
senvaral Shige o decormpose Qrgem;
mallar in e wastowator undsr [reat
i,

The firsl step involvos the Frpdvalysis
ol organic comgounds into sirnple
organic acids, primarily by feculiative
(Faving aerobic and anaeroble vaklity)
and cbigale anaembic bacleria. in the
socand slap, sidelly anoerabic Baciona
convert these acios into CHy and COo,
wilh trace amounis of Hz and MaS, The
50 slep invalvas thir wolion ol aerckic
Micro-rganisma 10 comvert  odorous
Eullides 1o sullates, The wvasoulsr
aqualis plants {typeally, reads, wshes
caltalls, or wator hyacioths) absoib
milfQgen, phosphores, olber netians.
and beavy maelals Trom he wate
hrough hair Enaly descled rools.

This Fillaring System includon a sludge-callocting tank and a fock lillor Supernatan lig.
uich from the callecting rank is Pumpad of flows under gravity into the bottom of (e liller,
thir pragresses upward th Foeugh g ons ol 5ock on which Maro-0dMIniBma Are &110ched,
T Lot lam Miyor congisis ol rocks 7000 16 cmn poross. The sacond liyer ks madeol 2510
1.5cmrailreed rocks, Vinyl core matenial can also be used far these lapera, Thejap lager
codiinta al pea praval 025 §a 1.8 aim in wihich L plants aro anchared

Two vorsians of a small-scale pro-
Folype syslom ware sl up: one with and
e walhcul plants in the fiiter bad, The
syslom without plants reguired abol 24
RaUrs 1o bring Ihe biciogical axpgen de-
mand bekny tho Lmil g6t by v En
vironmenlal Protection Agency lo,
sacondary lealment, The syatom using
peanis braught thi leved belaw the limit in
G howrs, The syslem withoul panlg dil
b 1osuce levals of Kjeldahl nirogen,
nitrogen in ammona, and phosphorus,
oven aflar 24 howe,. Conconlintang of
all hrea were markedly reduced wll 24

Fealir s al rosidanco e in D rock flar
plamiosd wih reosds

Tris wivk was done by By ©
dalvevice of Marshall Space Flight
Canter. For further information,
Circly B an Y TSP Amgquest Cavd
MES 25808

This frvention has beon patn!od by
MASA [UE Patent Mo, 4 415450). in-
QUIrOS CONCHRING NONOXCINS\E oF o
clugive floonse for s commorcial
devakanment sioukd b addresced 1o ihe
Falent Counsal, [see pape AR) Reler fo
MES 25008

Monitoring Marine Microbial Fouling
An epifluorescence-microscopy method

lakes only 10 minutes,

Marshall Space Flight Center, Alabama

Two technigues have been devalaped
for studylng marine fouling, the
bislogleal comnization of surfaces by
such micro-organisms as hacleria,
diatoms, fungi, or protozoa. Tho
methods were originally devaloped 1o
shudy fouling of materials 1o ba used in
the Space Shutlle solidiuel booster

rockats, which are recovered after Thay
parachute into the ccean, Those
melhads can ba used 10 determing bolh
th ralathve loufing rates and the efficacy
of clpaning melhods 1o remave fauling
Ofl varoys surfaces includng inds,
metale, and soalants infended fo
marning use,

The firsl tachnigue requires 1 o
2 days for sample proparalion, but
provides qualitative and quanldative as-
srsament ol biofoubng, The suilacas o
I BamMples ara wviowed rectly with
BCanning elactron microscopy, Thosa ob-
SEVOLKNG e cormibed with tosa irom
slandard microblal-solalion methads in

HALA Teah louals, Spnng 1084




