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Evaluation of Surface Water Resources from Machine-Processing of ERTS Multispectral Data

1 1 . W. Minkel, W.,), Todd, M. F, Dittmgardncr, R. A. Mitchell, and,), P, Cook'

AIISTIIACT

Witter onstureu daW that are useful to environmental scientists
and plannars frequently are missing, inctnnplale, or obtained ir-
regularity. A now source of wrfaco hydrological Information can
he obtained as often as every 18 days in some areas through
mnchina•procassingef Earth Roso ices Technology Satellite (ERTS)
muluspeutral scanner data. This research focused on the surface
water resources of a large metropolitan area, Marion County On-
dianapolis), Indiana, in order to assess the potential value of ERTS
spectral analysis to water resources problems.

The. results of the research Indicate that all surface water bodies
over O.ts ha were identified accurately from ERTS multispoctrai
analysis. Five distinct classes of water were identified and cot
related with parameters which included the I) degree of water siltl-
ness; li) depth of water: iii) presence of macro and micro biotic
forms in the water; and Iv) presence of various chemical concen-
trations in the water, The machine processing of ERTS spectral
data stied Anne or in conjunction wills conventional sources of
hydrolo,ical Information can load to the monitoring of the i) or-,a
of surface water bodies; Id estimated volume of selected surface
water bodies; nil) differences in degree of silt and clay suspended in
water; and WI degree of water outrophication related to chemical
concentrations, Water resources Information obtained from ERTS
analysis will be useful in helping to solve or better understand
selected pollution, erosion, and planning problems in metropolitan
and other environments.

Additional Index Words: water pollution, water management,
water quality monitoring.

\%'.I ter re: otrccs are vitally important to large metropolitan
arras hece,tse industries, commercial establishments, and
icsidena•s depend upon the amount and quality of a re-
nion's. water supply. Hydrological data arc used to give
iosiight into many aspects of water supply and quality,
drainage and flood control, water recreation, and sewage

1 Gonoibution from the Department of Geography and Geology,
Indiana State University at Terrc Haute 47809 and the Laboratory
for \p:,lianions of Remote Sensing, Purdue Univr,rsity, West
Lafaven, 47406. Research was sponsored in whole or fnart by

a* the \ meal Aeronautics and Space- Administration (NASA) under
Grant \u. \'(;I, 15-005-112. •Journal Paper No, 5299 of the Age,
Ex4, Se-,., Purdue University, Received 8 November 1973.

Associate Professor of Ceugra^)hy and Geology (ISU), Research
Geographer ILAItS), i'rofessur a Agronomy and Barth Resources
Programs 1.adcr (LARS), and Graduate Research Assistants (ISU),
resper tn•rly.
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proresxiug in Insist Inel rnptililao arras; howevrt, 51'w'rt'

problems of i lala acquisiliort arc rrnnnunl in nrsity types
or environmental water studies. A teal or partial parr by
of surface hydrological data inhibits it good rcitionll as-
sessment and evaluation of water resources. -Ibis paper
explores the use of the liarth ltesuurccs 'N( Illuliogy'
Satellite (EWIS) its ;I of information tvlrich pro.
vides regional surface water data suitable to list- inde.
pendently or in conjunction with existing water resource
data in order to evaluate better water (jualily and uses u)
metropolitan erOironments, It will be shown that ma.
chine processing of IUC S multispectral wanner tiara pro-
vidc5 it valuable method sit obtain hydrological informa-
tion that can be used In help monitor and cv, :ware various
surface water characteristics such as depth, surlate area,
volmne, and turbidity simUltanuously as (,[fell as livery
eighteen days in P, given study area, 'I'henrelirully over
31 million km' of surface area can be scanned every (lay
by wrS from its orbital altitude of 925 kin. 'These
ElCrS capabilities add greatly to the ability of the cn•
vironmenlal scientist and regional planner to ml:ke ration-
al water resources decisions.

MATERIALS AND METHODS

Marion County, (Indianapolis) Indiana (Fig. 1) was selected as
an area Tar water resources analysis utilizing L•'R'r5 madttspectmi
scanner data because: f) the county is one or the len largest

metropolitan areas in the United States, thus positive results gaincd
from ERTS analysis will be significant to many individuals and it)
the dillMiry of surface water features presents a good opl,n,uwity
to assess the ERTS system in a hydningirit nppilt+tien 'file
largest water bodies are tingle Creek stud Geist Rescrvtilrs in the
northWestcris and northeastern scctlons or the cuanrty respectively..
Geist Reservoir is the major supply or water for the f niabit ants or
the county. There are approximately 60 ponds or sma'1 likes of
more than 0.5 hn (1.2 acres) in the study arcs. Several of these
ponds are active or inactive gravel pits, some 6f which are associ-
ated with lowlands that receive evertow .from adlacrnt trucks and
the West Fork White River, Sewage dis p osal and water Irr.itmepal
facilities use water bodies (maintains:t by man) adjatrul it, the
West Fork White River. Many ponds or small lakes are found in do-
pressional topographic locations not associated with reservoirs,
noodplains, or gravel pits. The width or the major river or the
county (West Fork White River) rarely exceeds IRO m. wilile the
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A%vr,nte width of smaller oil nwry sire.ons fix. Pali (reek) Is less
116111 fill 111.

hum bands of With quality digitized, null Ospertnd data were ob•
blind ha rm in I;It IS pss over du study area on Ill Sep l ant lice
1 4 72 (II uui. 1, .5-.b µn (land 0	 i-.7 put ll oil ti .7-.K {1n11 and
(land? 81.1 }loll Computer I Iupienienit• Ih into essinst orspvt iral
data, was uud to assts tlu • disu'ilnlBun and (hai a Ierisiks or sir.
I.ov w.uei in Mal not County. Soler tell implk aduns of the research
results obtained front the FIVI:S hydrologic analysis are explored,

The first step in the au;dysis was to gcucnnc it settle Ilse•
printer map or the county in band G (0.7-0,3 µn). Ilislogr ms
that hall been i alvillalel previously allowed the map to show six-
Iteri taila ranges, each of which was represented by :I
.dph:ulumt •rie symbol. laud 6 was selected for display because of
the high probability that the lowest speond reflecumee values
(d,trkcsl tone) fit 	 portion of Ile spectrum would he water.
Hot fill too was compared with rotor air phologruphy ground in-
fornnathuv (htdianapolk Power and fight Company, Indianapolis(
Marlon County Color Aignheto Mosaic, 1972) to determine which
or those dark time areas wo g' water and which were cloud shadow.
Afterlocathlg lire wuterb^-	 , the county on the gray scale map,
line and column enordin.s were chosen and recorded ror rec-
tangular training sample areas or water, Because of the Irregular
shape of file reservoirs, a number or samples were selected, 16 from
Geist Reservoir and seven from Eagle Creek Reservoir, A single
sample was also chosen from each or ten smaller surface water

Care was taken in selection of the 33 samples In order to
obtain a represen love sampling rrom all of the area's surface water.
The spectr al responses of these water samples in tech one or the
four l'RTS hands were used to help train a computer to Identify
automatically water everywhere throughout the study area.

These samples %veto subtnfued to it Clustering algorithm program
(Wacker, A. G., and D. A. Lamdgrcbc, 1971. A minimum of ills•
lance approach to classification, LARS Information Note 100771,
p. 129-133, Purdue University) which requested delineation of the
spectral responses or water data into five spectral classes usingull
four bands of data. The output from the clustering program was
maps of each or the 33 sample areas which Indicated the cluster
class of all points (each point is ale area of approximately GO nt by
80 in and Is known as a Itemote Sensing Unit or RSU) in the sam-
ples by different alphanumeric symbols. The characteristics of
four of the clusters (each cluster represented a distinct spectral
classor water) indicated that they had informational value, but the
fifth wu considered u) he a non-informational (nowwater) spectral
class. Ironing samples representative of each one of lite four
water classes were delineated directly from the cluster maps, and
were used ultimately- to train a computer to identify automatically
different classes of water.

It was not advisable at this stage !it analysis to ciassiry if of
the data points in the county, because training samples were not
yet defined for other types of land cover. Some of these features,
particularly cloud shadow, could . easily be tmsciasslfied	 Witter,w.er,
1'lu s, training sampler were chosen for the other land cover types
In the county, including single-family (newer) residential, multi-

., family (older) residential, grassy (open) areas, trees, commercial/
Industrial, cloud, and cloud shadow. Statistics of tine relative
spectral responses (moms, standard deviations, and covariamcc
matrices) were calculated for the four water classes and the seven
other classes. All of the data points in the county were d%en clas-
siied by a Gaussian maximum likelihood classifier (Phillips, T. 11.
1973. LARSYS users manual. LARS, Purdue University) into one
of the cloven classes. The results were displayed by a Ilneprinter
using different alphanumeric ,cymbals for each class. Pigurc 2 con-
tains a synthesized photographic. display or the complete (1I of ass)
classirieatiun of Marion County.

RESULTS AND DISCUSSION

Virtually I00% of all standing; water bodies liver 0.5
ha were identified in the ERTS classiricatinn at nlysis.
The shape and surface arcs of the large water bodies

(particularly the two reservoirsatul to a lesser degree the
largest ponds) were determined very accurately from the
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Firi.2-Digital images of Marton County, Indiana I;md use aloe 3.rhea,
ti on. Each one of eight. (seven non-walor and one water) ,lase'.

of phenomena identified In Marion County throu0h ro"L.hm,
processing of ERTS spectral data was displayed using ao asswpu it
gray-scale tone on a cathode ray tube (CRT). All clasws of
water were combined into one class to fac • litato pholografituc
clarity; however, water subclasses are possible to oblmn err rl s
image form.' Figure 2a encompasses all of Mar,nn Coumy ad
small portions of adjacent counties (>900 km'). Thai 6uq, sr
water bodies, Eagle Creek and Geist Rescrvo.rs, are s -tc
In the western anti northeast^rn portions of Ihn unarye. F r,.n .
2b and 2c are digital display enlargements (4 X) of the. Gast col
Eagle Crook reservoir areas respectively. Figure 2d is a maze
mum size digital display enlargement (16X) of the Gast
Reservoir area.

4

I

J. Environ. Gaality, Vol. 3, no,. 4, 1974 	 317

r



Y."

1 SPECTRAL BAND 0.50 TO 0.60 MICROMETERS
2 SPECTRAL BAND 0.60 TO 0.70 MICROMETERS
3 SPECTRAL BAND 0.70 TO 0,00. MICROMETERS
4 SPECTRAL BAND 0.80 TO 1.10 MICROMETERS

CLASSES

SYMBOL	 CLASS SYMBOL	 CLASS

Y	 COMMERCE WATER 1
INR CITY WATER 2
SUBURBAN WATER 3
CONCRETE 0	 WATER 4
GRASSY . . ,	 CLOUD
WOODED SHADOW

I HIS , oo l I,nl nupdrnnntrd IL"NiIif.11ioo I I du • %tidy
u,.I	 I Irc liapr .mil sill I•uv .uca ill Ian- snlallrl,huRlimp
N tuY h„rl a-+ \\,n,' h•ss .I,,'n .111 ly Ili-it ffnlilvd, .IIIIIO11gh
^Lr I,b • nl.l i, anon ,11 Ihr water hoill"s Ihrulm lvrs w.ls
au'.111\ Ill,1	 .0 rnl,ov, Ih%itit l roll ill sllmpl e and area of
it .1.1 I^.a,t.•- ,•. rurt.dlr lit, Ira,(, .IS the sity Il

i
 the water

Furl •i,.Is,uanr dean (II) ill vndt • wureltvorr.dly itlrlili•
url u1 I R IS m	 fialysis. Slivanls r rivvrs'10 lit (Ili fit widt•
• Xvt y .Arun. >. d nr t,tsionally, whdv thost• miner 30 elf wide
svrtc nol nlrnuln •d. Consequently, due Ur the rev'Itition
I till It, rd LIt I'S (Eit.l, only the Wr%t Fork White Itivcr was
slow+Lenity idcniflicd, allhoulth pi r(ions or smaller run-
tinq \v.ten features were classilicil is water.

[',,III . l ey, holly distim I classes of water were identified
its Marion Counly (water I through water I), A fifth
, I•r.s ul wailer (rrfcricd fn as water 5 throughout this fits.
(Iusi„n) \,., nut spc•rfraldy identified, hill RCwl'rtllelCRS
,rem, In t • xisl ,Is pant of tilt , class roul Nferte. Varlatinll5
ul Ihr por.unetcrs dial allertrd Lite sperlral response of
w.orl phrnoutcn•t have resnit yd in it pen Irrn of water class
disuiinrti,tn Iho1 is lilt r.111donl. 'flit , distribution of Lite
live clas,rs'.d' wafer help, eft give Insight into Lite parum-
vi(• IS 111.11 .Lilco the spectral responses of water Iratures
111,11 wtvv ubt.lined flush file lour hands of ERTS (lira.

'l he eared distribution of Lite spectral classes ofwater in
Marion Comity was complex. Water 1 through water 3
were found in it similar sequence in both I:;Igle Creek and
Geist. Reservoirs, The extreme northern section of each
reservoir was characterized by water I; the north-central

set lion conwineti water 2; and most of the ri-smiting
arvo was water 3 (Figs. 3-4). Wldrr 5 w,IS Illicit found
afljarent on du, reservoir shoreline. Virwally fit, wiorr4
was found in reservoir an•es.

All four spectral classes (cold the partial Will e r (lass
Winer 5) 1harm trued the water asset iRlrtl will) ,landing
Watt•r bodies (exclmling reservoirs). Frt•qurully •landing
water bodies wcn • dominated by fine class of wall 'r only,
while in other rases two fir three Masses eel water were
more chaauucristiv. Approximately 15" . 2TA, 2 1 te"., and
40"'1 of file standing water hodics (excluding rrsrrvoirs)
were dominated by water I f water 2, water '4, and water
4, respectively (Fig. 5). The distribution of the Iakcs and
ponds dominated by ;I water class appeared to be
nearly random.

Rivers that were st rfiricnlly wide 1n prrmit III,- Iskef S
identification of a spectral class of water were always

	

y	 1 SPECTRAL BAND 0.50 1'O 0.60 MICROMETERS
2 SPECTRAL BAND O.GO TO 0.70 MICROMETERS
0 SPECTRAL BAND 0.70 TO 0.00 MICROMETERS

Y ,.	 4 SPECTRAL BAND 0.00 TO 1.10 MICROMETERS
err

.,f.YY	 CLASSES

	

YY iv:vrr
	

VMBOL	 CLASS	 SYMBOL	 CLASS
Y	 COMMERCE	 WATER 1

	

^Y ;Ln	 INn CITY	 .	 WATER 2
SUBURBAN	 /	 WATER 3
CONCRETE	 0	 WATER 4

YYiv	 GRASSY 1	 f	 CLOUD
Y.Y	 Y	 WOODED	 -	 SHADOW

Y"vv YYfYY r
T..•• YYYYY /Y

Y ...........
-------------

Y-	 •Y
--^ Y-Y

Y-	 -1
•Y

Y-	 -/

-^Y
.•Y

Fig. 3-Alphanumeric representation of Geist Reservoir .water
classes as determined from computer implemented classification
of water using four ERTS spectral . hands. Each alphanumeric
symbol is equivalent to an area of approximately 60 by 80 m.
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Fig.. 4-Aiphanumeric representation of Eagle Creek Reservoir
water ctassts as determined from com puter• implementcrt cimsi•
fication of water using four ERTS spectral hands. Each al-
phanumeric symbol is equivalent to an area of approximately
60 by 80 m.
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idrntifii-d as wane% I (Fig. 5). Very narrow (under 60 in
rnnlling %% a je t  bathes well, I'r tit urwIy idt• BliIivd as water

I he 11rnn,o Sl using Ilnils or ItSI l's III,II earn br eon•
,alrud w.to • t .", h.lcl • .I Irmrrlt nl aural disllihnliull that I%
rh.u,u wil%lit of %%',IIvI .11111 1114-y ale Iollnd iu tones where
waurl and non water interface. 'I his type of water is
Classllirtl as rotollerit , (ullt • ul lilt- seven 111111-wilier
cl,xas),bnl it cot bl- disulr„ui livil I( tural,ly I'ronl arltlal
rnoonrrcr in the dully area through it analysis of
specu.d data than is coulbinccl with itvailablo ground ob•
set %ation information, For example, a meandering IJtfiU
%vide Iinra r pattern orcononerce in a rural area art] ;I
RSU layer or cuninjerce adjacent to ;in part or it
rest-rvnir a'e incongruous, hence these patterns can be
ilewified as Water 5 .,ther that conon •rce, There are it
Icw Ilrtas (primarily within the more highlyurbanited
section, nl file (ountry) where the spatial toil spectral
rhatavieristics of water 5 arc more difficnit but possible
to diff0elltiutc from coinmerce,

Spatial ti rdysis of tho spcctrtd class contnterce Identifies
I •RS(I wide hands or water 5 along several arrow (< 60
m) wig ecunrsrs, adjaret to the honks of wider (> 00 m)
%vatcrtnnrx•s„old on shorelines o.. milling water bodies.
App,urntly, wain ri is a nlixnru of water reflectance corn•
billed with relictuttice from adjacent noll •Wale' I01014111-
cat (i,c., soil, vegetation, r)ads, and other I'cuures, found
oil 	 sides 111 al narrow river or simila , features along it

.YY YYY /r
rr r...Y
Y-YYY..Y1

---YY....Y
--YY....,YY

Y YY...Y TYY........YY
Y..... Y	 YY..,,..,...
.•YYT Y

Y YY YYYYYY......Y
YYYYY Y/Y Y YOYOOY.....Y
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y
y 	 OTT /0

1 SIECTRAL BAND 0,50 TO 0.60 MICROMETERS
T	 2 SPECTRAL BAND 0.60 TO 0.70 MICROMETERS

Y	 3 SPECTRAL BAND 0.70 TO 0,80 MICROMETERS
T T T	 4 SPECTRAL BAND 0,80 TO 1.10 MICROMETERS

v	 CLASSES

YO. y	 SYMBOL	 CLASS	 SYMBOL	 CLASS
OD

y yy to Yu YTy	 Y	 COMMERCE	 WATER 1
Y 1t-,	 INS CITY	 -	 WATER 2

Y OY r Y	 SUBURBAN	 I	 WATER 3
YT Do Onnn v ss	 CONCRETE	 0	 WATER 4

vv	 T	
GRASSY 1	 s	 CLOUD
r 

vY 
TT 

Y vT 	 SHADOW
TV	 WOODED

YYYYYYYYY

Fig. 5-Alphanumeric representation of water classes of small lakes
and narrow stream (the stream is indicated by the winding line
of symbol Y in the woster^.part of the figure) as determined
from computer-implemented classification of water using four
ERTS spectral bands, Each alphanumeric symbol is equivalent
to an area of 60 by 80 m.

shoreline 
fit 	 cast, ref a slandillg water 11, , 1  ). ll oley Ie

feasible In separate a	 arcur,dcly	 ti.v,s wo,t 'i li,no,.....
untie solely through %pvtirai ar.Ilysi,; la,v.r%rI, ..I Il,r.
little (he Its( • of sll.11ial 11,1lletim n1 Ibr -,I„, IIa; , 1.t-.. ,tale
mcrrr' suppnrled by .1v.lilahlr gr"ono (oGs, r cat nru at,n In.,
lion provides till- most art craw method I.I drluu-ono;; .,
fifthchess of water in the slody area.

If is Important to ;litrolpl In idrulity wai , 'l' P, ,r. ,, .alp
picnlcnl Io inn-ornialion gained (roof aardv,is of wan r I
thnlugh watl-r Po bcr;nur: i) ilnlrovcd ac o w.,I y in r • .t fro.,
lion of file surface area of water budirs is attained: of
more complete and accurate identifi(ltirrn ,d very %toll
water bodies (< 1.0 ha) isassured; iii) mang rivers Ii,,lt ur

of insufficient width to he spectrally itleolded is w,,t, r
arc subject to identification as the partial water Il ass
water 5; and iv) semipermanent cIoasis%vang,y 1111 a • . i,'I'
and vcgettion forms that periodically err inlrri„rd wnh
shallow standing water during Periods of high iw,i,nrrf
that generally are impossible ((I as a spcco.d I;a s
of water, are subject to witer 5 identification. Water 5
cannot be used to analyze biological, chemical, or ptry^,i, A
characteristics of the water because too many str„ua; w w
water influences affect the spectral reflecuuuc of ea,li
IML

Ground observation inforination, upon whi+h hypothr
ses in Ibis duly were based, was ohblinrd for Ihr study
area water holies from maps, (Indi;nlal)nlis and NLui„t
County \fill), 1972. Crain Company, hldi,mapuloo, . 1 9 ro.d
photographs, published reports, (Division of Rlllnmt; and
Zoning Staff, 1972-73, Water qualify , ontrnl piwtr,m
work papers 3-6, 9-12, and Water quality managemmTit
plan-- Indianapolis Metropolkan Area Departmrut III
Metropolitan Development, hndianapolkAlarion County,
Indian a), personal interviews, (R. \I. Wilding, Scn6,i
Planner, Indianapolis Depirtmrnt of Metngjohiiin Ucvel
opment and 1), Isochem, Enginccr, I1di.n,apniis Wati t
Company, Personal Communication), and %eltal ob,rl s.l
Lions, liqual amounts of data for each water body %v,'iv
not possible to obtain. Sonic 11olcrntially impou.rot
ground observation data could not be (obtained; bownc'I,
the suns total of all data collected permitted in  cv.lu,1lion
or several parameters that affected the spertrad (hard, ter
istics of water. The informat ion gained from this au.Jcsi .
will be,valuable to establish ground ohser%auun pTo,c -

dures for future Marion County E.R'I:S hy<Iologlral
studies,

The parameters that appeared to have the p reatcst in
fluence on the spectral characteristics of water are: i;
variability in water depth; ii) degree of wider oohidity
particularly related to the amount of silt or clay parti, It-,
in suspension; iii) distribution anti amount of nm,r,d,,,

-lan)c l rorms (aquatic weeds); iv) distribution aid .umnuu
of microbotanicad forms (algae' blooms); v) cherrot it inn
purities; and vi) influence of adjacent earth %tlriarc Ira
lures that are not an intimate part oi l a Witter hody (i.u_
true adjacent to a shoreline). ISach different class of w,aci
was influenced by varying comhinati,ms of these tngi,n
parameters, The results of the water clas,irication im dss,
are presented fit 	 form ( I'ahlc I (.

An analysis of the data prescrited in I able I inditac,
that water 3 and water •4 were the classes (cast in,alilit-d
spectrally by non•w-atcr phenomena, while the spectral

J. Environ. Quality, Vol. 3, no. 4, 1974 	 319

_ 1111.__-_W.._.d_____... _._...__...__........	 1111 1111	 ,	 ..,_..,_.,._,.,...._. 	 .,....^......,...-.-.°-•-____.-.	
,1



ff
(

7ahlr I DiulnlAtmn anal selected eh,ILIt3U'rl%t 1p5 fit ;p, ctiel Water
wrclds	 In Marlon Con let, 11111,1 ,t

1r.;r	 :"+ hm	 I	 I	 . -- I n«r,	 1.X.iurm t^-rinle-xr
11PIYi •	 nl•.'. L	 • f l • U I 1 rtis r, I, d!	 1	 •1, Wa1 r Y.	 11Y	 I'rlL 0,P1(e

,t n ul. lull : all till„n ^a tl.u-nd .j ey 1 11 1 avmlI	 •x . 1 , 1 	 air/fur.
. b '.	 n rYild lln.,1 ,.Jul lllU .Ito ;qx. u. It trJb a nr r lfinn aquhlb,

.	 lY^'i 1 • •Yl r .	 lU	 I^, ref1•IIIII	 Ir fI	 a
1H ;n ruck Nl • 11C ,tear ur;lrl"'r Lt 11 ,11"ullln ur, ' I le of nu..

Q I -It I n • u IT 	r ax le, 4l', P•nnlu I. 1	 i"I IM, '11'	 tl i	 1.x1.1
li'l	 Irdl I nft"Ato from " t,th"r"71U.
Oo,v0 01) r a nl la Ihr rnrf (. , dl

Miter 2 lot N	 •1'1'i	 11.11 .1	 ollil., ulY ll hlodarnle (, W jrr» W Irf a1a :'.h, .Lila..Jmq alf me trvcrvFlls. Yr.ilr }II1u411{9f gT4 all Y,0ldli,,

0 , 1 r. u. rn 11 nr I lcxln muynv eul and rl,Y in eunin4rllm
tl Y•Ir„ ^d 111, 11,(h .r'A is,
tl) ire!

1v.tor0 lot s Ir r rnir a Pali e.mham
'-

tlum 1.111, 11 it, ' t, n 1, , 1,i) Whmr,
11. .6 of ihr rUenalrn eltpU Is mlalrrm, eprrl r`,l "nil Opn.

rb1 %.Incr„nx "J, hill likes Mills. pv r^'YnIYal, rhd pnt al and big'
Jlelnl , rind irtranuM,l this ijil,$. )mpurllm. in tit. whirr,
.trot, or"

11'aer4	 lot WmrYauas panda nn] l.lian vorlahic Wmrr drplh rite or”, irritant,
,lmtr,hut,d thrauyhaut 0. ilr rm . ra- ial/Ur antraiW+lia 'Cal
xlm(Y .rail elm., per lent al ,.r amvrmr avrraco

an hr Vat, r,	 Vrrr 11, wfnld,lY
rnw.vl by hlllmy or

G,rrrlcY ro 11 it 1, t- this Warr nee..
r,np d Whl• rr, oral.	 gri,trll,,I.
ht „h r II,. bb,ll, ywl arlrvllr In Grit
MdI1 r silx'OX,blr, 	 Vvr, t1111a lurLld.
uY L I:,owl by whiny

A.,%,rS	 fu1- m, lq Ye klltr/a'•:,WAltr Y^ii a,, ,l ,'	 illol"inf.rr1W;11rrllhU-

' till With lorgx Myh, ln,UOrire nndnllyhlrnrn'"d to lnpatt:atlhla table aln hat
qu'InUL. J 1'. it Iran, ore u.eJ sioir,uvolY to I rondo is .,!.tire ronla.y of Wo1er
uoprrulfX i0w14 Hiroo lee river rlaolao al W P(er ldrradlrU In Ihm analY.,'.

( hdrar lrr isf it x or w,ter 5 nd le t trd Illnst itron„	 nly Wot
water ft•doucs. Miter I of the .plc clad water t louses was
must nulicc,lbly tit lilt tell spvt traliy by numwater wateri.
als found in ille water. Iligh turbidity caused by mixing
of silt and cl.r{ (via running water, wave Ktiun, of iiunout
dMinbanct i t pistils ularly in shallow wain, was fire count
ComnLm cor,ditionassmfated with tvater I. Ifigh biomass
content in the water (with very tittle sitting) chaoacwrize
shoe .teas with water 4. ponds and Likes that were in•
flucntcd strongly by human ;activity frequently ari l prone
Ill ,h waiter 'I cla,sl iumion. `.lane water bodies with water
1 were rcl ipienls of inorganic .still nrgdllit plate, ials
Isewage, lertili/cr, and sums sill) obtained from nearby
residt-nl ill awas and Pat ens. It is spc( olaled by the authors
that water 1 is often mom nutrient rich overall than are
Ihr other si.imhug tvater body (la%sex. A uutuicnt iic11
"1.1111% in the w•att •r iouhf have induced ahnvu average-
hiotir m li%it% in Ibrsc• areas, Several gravel pit lar g e also
li.tve ll Watrl '1 t hasii'iedion, In Ihrse areas a cumbination
of ',Wdt depth and moderate hititu activity (with little
silting) affects the spectral eltardcttristic% of file Witter.
Wtcr 2 .Ippeared ill he transitional between lilt- water
cla sses strongly influenced spectrally by water containing
stispeiulcd solids and water that was relatively free of
solids.

I -he ubschvul ions made between router c lasses and water
characivri%ti, s r 'I'ab(c 1) are supported by elrclromagucfic
w'a%clengtil re:lecumce theory, 'rhe water etas% with file
least silt and other solids should have the lowest spectral
reflectance brnnuse of the great spectral absorption in all
ERTS hands. Water mixed with aquatic green vegetation
characterislitaily should have low sjrecfr l response also
(albeit higher overall than purr water) hcrau%c of file
ability of gicei. vegetation ill absorb light moderately to
strongly in tilt- visible wav'ekngilhs and for water to absorb
light very strongly in all LILT'S hands. Water that cum
taints large amount% of silt and clay (:cod possibly rhentird

precipitates) fills relatively high relief tanre in Ihr visible
part of the spectrum betuuse of the high %prc trill rclhi -
tivity (if lilt- sift and clay firm lion in lilt , water.

Thcurc • lically, water I (high amount of silt and olhrr

solids pt,ssihl y prewnt) should have the hfglesl owrdl
spectral response of the spectral wall  rlimus. Witer'2
(alocierately silty with blot!( illllucam possible also)
theoretically should he lower ill overall sprctr.d respotlser
than water 1, but higher in s;mtral resputuc than wolcr
3 (Icss silty filial water 2 with bimir inlint-mc peuihlc).
The lowest spectral response overall fit the spec trl water
rlasses theoretically should le water .which frequently
contains aquatic: vegetation (low reflectance) and very
little silt and tidy in suspension. The actual reLnivr spar
tad water classes ge •trrally agree with these theore•lical
exprrctatiunii, In theory, life highest spectrid responses of
all I iasscs that are influenced by writer is water fr. The
spectral responses of water 5 are determined more by stir-
rounding relalivclyhighlyrcflULM' nomwater phrnonu nu
than water itself, Alfas its overall sper frill rrsponsc is high-
er than that of any of the four sprrtr l climes of water.

Theseexplanatlorl % tit spectral variations in w:ffer f lasses

undoubtedly are valid for a very large maajurity of all
water bodies of Marion County. A dearth of data for
"line of the known parlmetera that cause sprr Ind varia-
tirrm In Witter coupled Willi she possible rxillsion of
other parameters that were not considered bl flits analysis
results in conclusions that are subject to slight modifira.
lion. An analysis of Life available data does provide work.
ing hypotheses which can be tested, modified, and im-
proved as future KILTS data are analyzed for their hy.
drological content,

CONCLUSIONS

It has been shown that computer-implenu • nlcd pro.
tensing nl' I',RTS data has it potential use for hydrologu al
studies of it metropolitan county. A . II . , nding water
boclies greater than 0.5 ha are ident'	 lily, Ihcwhy
permitting an accnriltc estimation of 0  1'd an • ;1 of %nil•
lace waterin the county. These area data when roll)•
billed with topographical information will permit an rsti-
nation of volume its well as area\ of the sonar tv:nrr rc,
sources of Life country. Temporal variations in ie( •o ,cod
volume of surface water arc available thcorctically every
18 days.

A good possibility exists In differentiate between water
relatively free of suspended silt ;full clay from wader eon.
twining it large .silt and cLry load. 11,Initoring this forul of
turbidity in tvater bodics can be useful in accessing sautes
and intensity of erosion in the study area. In sclrctcd
cases, this information could be used to heip make region•
al planning decisions,

Thedegrecof water cutrophication, as measured by the
vegetation content of water bodies, miry he possible to
monitor using LIVI'S technology. 'V'brie data are im•
portanl for tvater pollution studies Lill,[ ottcnlpl In Irate
;utd analyze the effects of nulrient•rirh el'lluon[ nn $fit-
enviromnent.

Planning water use for recreation and residential pur-
poses requires water quality data. g 'lu• exact pmgnhaie
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naunc of It' K IS sprcn,d auulysfs applied Us walrr pooh.
Ic,ns rcutaius lit he drmunstratcd,.nul in pall dcprnds on
huthil i'.It1:S hydfologiral analysis of a htndy area ail dir.
Ivfrnl tuncsol Ihv Veal. Iluwrver, rrsolls Irons (his initial
.nt.11ysi% .ur vrtp vnconragiug because They indirele that
si !tnificanl psarucal applitaliuns ol'speelr.d datit ar y leasi.
hlc to use to help evaluate water resources.

An IN-day cycle monitoring the w,uer resources is un-
likely herause Ill ihangusg weather eomlitiuns, but, rre-

poem cvaiva;ion (l wairr M".AIM'. tl,.^t s:ottid 1„ sail ,
dills' it) loll t lay pilot 11Ing .u,tl rnvo null, I lal JI1, 1,11 D.

ible. It is likely tha t nuntitoru,i; of , mupwt r nuf,l+
:d processing ill hlt'IS spur coal ilm I will h, wi, t,i
is  effective Inellunls to nhtaiu ,abroad typo ., of
quality small-malc hylrolugital d.ita. '!be uilim.rtr

effectiveness of nunliluring will depend fill lhr ;d,dify to
understand better how various par: nnrlcrs Alr, t [III-
spectral responses of water in the study aura.

Column Studies of Soil Clogging in a Slowly Permeable Soil as a Function of Effluent aualityt

T. C. Daniel :uul J. floluna'

ABSTRACT

Clogging as a function of effluent quality was investigated in
cores of ilia very slowly permeable Aimana silt loom soil which
offers problems for conventional on-site liquid waste disposal. Um
disturbed 60 cot long cores were subjected for approximate[ ,/ 120
days to constant pending with simulated septic tank affluent, ax-
tended aeration effluent and distilled water, Column Influents arid
effluents ware monitored with respect to chemical oxygen demand
(COD), biochemical oxygen demand IQOD), and solid residue frac.
tions. Column influents differed markedly in COD and SOD con-
tent but column effluents had consistently low contents indicating
ilia high renovative capacity of ilia soil, In situ tonslometric, redox,
and. flow rate measurements indicated development of ilia most
severe barriers to flow In columns ponded with low SOD aerated
affluent, followed closely by those flooded with high SOD septic
tank effluent. No f -erriers developed in columns flooded with
water. Total concan.rations of solid residue fractions in the two
effluents and the cumulative load of solids applied to the columns
did not diffor significantly, but particle sizes in Ow aerated effluent
were smaller. Increased pore clogging In aerated influent treat.
ments points to the significant role of effluent solids in the clogging
process in slowly permeable clayey soils. Additional studies are in
progress to better deffno critical waste characteristics as related to
soil clogging,

Additional Index Words: septic tank effluent, extended aera-
tion, soil disposal, liquid waste.

Slowly pernicable soils, such as the Almeria silt loans
(Aerie Glussaqualf) ;Ind other soils with comparable per-
mcability cha racleristics comprise approximately 300,000
hceWres (2 million acres) in Wisconsin and lire defined as
unsuitable by the current health Colic for on-site subsur-
racc d;:, list nr septic tank effluent due u) the low per.
mcability. Measured percolation rates or 27.5 ntin/cot
(70 min/itch) in cite topsoil and 39.4 min/em (VIII min/
inch) in Orr subsoil exceed the critical rate of 23.6 ntin/

t Conlributian from the Soil Science Department, College of
Agricultural and Lire Sciences, Univ. of Wisconsin and the Geol.
Xat. [Lit.:lurvey, Univ. E.xicnslon, Madison, Wisconsin. Thic re-
search waspart of the Small Scab: Waste K ina{;cmrnt Project, Univ.
of Wiscun,m funded by the Upper Great Lake's Regional Cnrrums-
siun and the St:slc of Wisconsin. Rcccived 9 Dec. 1973

= Assistant. Professor ;and Associate Professor or Soil Sriencc, re-
spectively.

cm (60 mitt/inc'h) (24, 25). '['111-caparfly of al soil v, it-
cept and conduct liquid can he hcuer rxpntssrd by ,+,u
sidering hydraulic conductivity Lela which is phy lit .t;h
well defines) (7). Measurements in silt in the Almrn.a silt
loam yielded Ksat values or 4 cm/day (fl.98 gal/1t = per
day) for the topsoil and ,o. cm/day (0,49 9,11/i1 2 pet flay 
ror the subsoil,

'fhc IoW hydraulic :unductivity of Almt'na silt maul soil
can he illuslr led by considering the derived thcotrtit •d
loading rate its it function of the percolation rare at, onl^
ing to 0 = 51J  IQ = loading rate in gal /I t' per day; r
percolation roc in min/inch) which is the standard cqu:r
unit used to size seepage bads (24). A perruLoion tale of
39,4 min/cm (100 min/inch) translates into a loadifig raor
of 0.5 gad/fL' per day, or 2.04 cm/clay, which is equal tfi
Ksat, the conductivity 

at saturation, rti ' rile lioriron•
Crust fonnati')n :nut clogged layers within tltaina.;r

hods will appreciably reduce soil pertucabih(y 17). CIo;;-
ging of soil pores by suspended partirics Isom rlfill,tit
may decrease infiltration (1 I). Other data .ugg,',t tb:a
clogging may be (Ilse to production of gums, derived fnnn
organics in the liquid waste and in the sod P,rr(s
14, 15; 16, 17,23).

Prior research has often assumed that iam	 nb„il l , is	 ,.tit,
ly ranted to the carbon load of the cilluent. h 6•,s ln, o
suggested, therefore, that acrul)ic lrvauncni of tsosir
water which can suhstntially red per the ta,h,ns [,,.,u1
could lengthen tine life of the %Y%14 in by m,ho ury il,(
clogging problem (12). InvcsLiVUI;')ns have fher,I"lc i„ t it
limited to determinations of ambient Ian tot, will, 1, olio e
or alleviate the ,logging problem wiihio the scrl}.^ i„d•
Unfortunately, resr.,rch has been Ic,lfltlesl to +,dhwu,
studies using artifieiadiy aggro aced soil till un,ueri.ds 1i ;,
rather than undisturbed cures in whith flow pall, ms os
liquid arc significantly different (2). In this soul% larrc
undisturbed cores of the Almcrnt silt lo.im vr, n eafr.tt a: d
in the field and prctrcauc•d such tl it 0110 ,11141 di.tinb. rt,
of structure ;full s o il solution oeCstir,' , } rn art i,• i r.-.t .. .
column studies. The formation of lime udwi a iq 6,%r,,
as a function or carbon load was Iollowrd wadi Icnuoni-
cters.
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