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

P, W, Mausel, W. . Todd, M, F, Baumgardner, R, A, Mitchell, and J. P, Cook?

ABSTAACT

Water resouree datd that are useful to environmental seinntists
and planaers {requently are missing, incumplote, or obtoined ire
regulorily. A new source of swrface hydrological information can

be ohtmned as often as every 18 days In some areas through.

machina-processing of Enrth Resourees Technology Satellite (ERTS)
muitsspoctral scanner data,  This rasearch focused on the surface
water resources ol a large metropolitan area, Marion County (In-
dianapolis], Indiana, in order to assess the petentlal value of ERTS
spectral analysis Lo water resoureas problems,

The results of the research indicate that all surfoce water bodies
ovar 0.% ha were identified accurately from ERTS multispectral
analysis.  Five distinet classes of water were identified and cor-
related with parameters which included the i} dogree of water silti-
ness; hi} depth of water; 1ii} presence of macre and micro biotic
forms in the water; and Iy} prosence of various chemical concen-
trations in the water, The machine-processing of ERTS spectral
data wsed slone or in conjunction with conventional sources of
hydrolonicad information can lead to the monitoring of the i} arsa
of surface water bodies; 1i} estimated volume of sclected surface
watar bodies; Jil} differances in degrea of silt and elay suspended in
water; and v} degree of wator eutrophication related to chemical
concentrations, Water resources information ebtained from ERTS
analysis will be useful in helping to solve or better undoerstand
selected pollution, crosion, and planning problems in metropelitan
and other environments,

Additional Index Words: water pollution, water managemant,”

water quality monitoring,

Water resourees are vitally important to large metropolitan
areats hecastse industries, commercial establishments, and
sesiddences depend upon the amount and quality ol a re-
gions water supply.  Hydrological data are used to give
insight inte muny aspeets of water supply and quality,
drainage and Mood control, water recreation, and sewage
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for Apulications of Remote Sensing, Purdue Univeesity, West
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Assoetate Professor of chgmlphy and Geology (ISU), Rescarch
Geographer (LARS], Professor ol Agrenomy and Eurth Resources
Pragrams L sader (LARSY, snd Graduate Rescarch Assistants (ISU),
respes lively. ' : ’
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processing in mosl melropalitan areasy howeyer, severe
problems of dala acquisition are cotmmon in nany 1ypes
Al environmental wiler stuclies, A Lol or partial pageity
of surfuce hydrologieal dati inhilits w goned regional gs
sessment and evaluation of water resources, “This paper
explores the use of the Harth Resources 'Technoiogy
Satellite (ERTS) us a source of information which pro.
vides regional surface water data suitable 1o use inde.
pendently or in conjunction with existing water resource
dati in order to evaluate better water quality atied uses in
mettopolitan endironments, (U will be shown that ma-
chine processing of BIRTS multispectral scanner data pro-
vides a viluable method o ohwin hydrological informa-
tion that can be used {o help monitor and ov tnate various
surface waler characteristics such as depth, surlace area,

“volume, and turbidity simullancousty as often ay every

eighteen days in @ given study arca, Theoretically over
31 million km? of surface area can he scanned every day
hy ERTS from its orbital altitude of 925 km, ‘These
ERTS capabilitics add greatly o the ability of the en.
vironmental scientist and regional planner to meke ration-
al watter resources decisions, - :

) MATERIALS AND METHODS

Marion County, (Indiunapolis) Indiana (Fig. 1) was selecied as
an area for water resources analysis utilizing ERTS multispectral
seanner data because: i) the county is ene ol the ten largest
metropalitan areas in the United States, thus positive results mined
from ERTS analysis will be significant 10 many individuals jand i)
the diversity of surfice waler features presents i good oplosiunity
to assess the ERTS system in a hydreological applicstion: “The
largest water bodies wre Bagle Greek and Geist Reservoirs in the
northwestern and northeastern sections ol the county respectively.
Geist Reservoir is the major supply of water Tor the innabivinis of
the county, There are approximutely 60 ponds or sma'l lukes of
mare than 0.5 ha {1,2 acres) In the study area, Several of these
ponds are aclive or inactive gravel pits, sosne o7 which are associ-
ated with lowlands that recefve cverflow Trom adjacent creeky and
the West Fork White River, Sewage dishnsal and waler treatment
facllities use water hotlics (maintained by man) adjiscent o the
West Fork Whitc River. Many ponds vr smaull lukesare found in de-
pressional  lopographic locatlons nut ussociated with reservoirs,
Mloodplains, or gravel pits. The width of the major river of the
county {Wesl Fork White River) rarely cxceeds 160 m, while the




werape wiskil of sovller niborary steeams (e, Fall Greek) s less
than GE .

Fot bl of highgquality digitized, modtispectral data were ol
ained frem an BRES pass over the stidy areg on 38 Seprember
PO (Nane ), S Jy Waned 6, GGl 7 s Jhad £y o7 =8 ting aml
Wamt 7,8 Lo pm) Conpster opdensen i provesshisg of speciead
at wan vt 1o assesy the distribmtion soud Giraeieristies of sur-
Dove waier in Marion Gy, Selevied implivations of the rescarch
results obtained from the BRTS bydrologic analysis are explored,

The First step in the analysis was to genenite 4 groy seale lines
preisiter map of the county in baind G (,7-008 Jin),  Histograms
d Baed been eateulabed previously allowel the mag 1o show sixe
e data vanges, cach of which was reprosented by o different
alphanumeric symbol, Band 6 was selected Tor display becase of
the high prabability that the lowest spectral reflectiance values
(lackest tone) i thal portion of (e spectrum would be water,
The pyintout was comparetl with color alr photogeaphy ground in-
formatiop (dianapolis Fower and Light Company, Indianapalis/
Marion County Color Airphete Mosaic, 1972} to determine which
af those dark tone areas wees water and which were cloud shadaw,
Mierlocating the witer bs » the county on the gray scale map,
line and colmun eoordins,:s were chosen and recorded for rece
tangular training sample arcas of waler, Because of the jrregular
shape of the reservoirs, a number of sunples were selected, 16 from
Gelst Reservoir and seven from Eagle Creek Rescevolr, A single
sample was alse chosen from cieh of ten smaller surfuce water
boules, Care was tuken in selection ol the 335 sumples In order to
obtain a representative smnpling from all of the area's surfuce water,
The spectral responses of these water samples in cach one of the
four ERTS bands were used to help train a computer to jdentify
antomatieally water everywhere throughout the study area,

These samples were submitted to a clustering algorithm program
(Wacker, A, G,y and D, A, Landgrebe, 1971, A minimum of dis.
tance approach to classification, LARS Information Note 100771,

1292153, Purdue University} which requested delineation of the
apectral responses of water data into five speetral classes usingall
four bands of data, The output from the elustering program was
maps of cach of the 33 sample dar¢as which Indicated the cluster
chass of all points (each point is an area of approximately 60 m by
80 m amdl Is known as a Remote Seasing Unlt or RSUY in the sam-
ples by different alphunumeric symbols.  The characteristics of
four of the clusters {vach cluster cepresented o distinet spectral
class of water) indicated that they had informational value, but the
fif1h was considered to be a nondnlormational (hons-water) specteal
class.  Training samples representative of each one of the four
water classes were delineated directly from the cluster maps, and

were nsed ultimately. to train a computer to identify aulomatically -

different clusses of water,

It was not advisable at this stage in the analysis to classily at! of
the data points in the county, because training samples were not
yeu defined for other types of land cover, Some of these features,
partcularly cloud shadow, could easily be misclassificd ns warer,
Thus, training samples were chosen for the other land cover Lypes
In the county, including single-Tasmily (newer) residential, multj-
family (older) residential, wrassy {open) areas, tees, commercialf
tnulusirial, cloud, and cloud shadow, Siatistics of the relative
spectral responses (means, standard deviations, and covariange
matrices) were caleulated lor the four water classes and the seven
other classes, All of the data points In the county were then clas-
sified by a Gaussian maximum likelihood clussifier (Phitlips, T, H,
1979, LARSYS users manual, LARS, Purdue University) into one
of the cleven classes, The results were displayed by a lineprinter
using different alphanumerje symbols for cach clags, Figure 2 con-
tains a synihesized photographic display of the complete {11 cf 1s5)
ciassilfestion of Murion County,

RESULTS AND- DISCUSSION

Vietaally 100% of all standing water bodies over 0.5
ha were ddentificd in the ERES elagsilicion analysis.
The shape and surface area o the lurge water bodies
{particulurly the two reservoirs and to o Jesser degree the
Jargest ponds) were determined very aceurately from the
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Fig. 2~Digital images of Marion County, Indiana lund use classific
tion. Each one of eight (seven non-water and ono water} shatios
of phenomena identified In Marion County through maitune
processing of ERTS spactral data was displayuel using & ansiynied
gray-scale tone on a gathode ray twhe {CRTI. Al claswes ot
‘water were combinod into one class to laghitute phoetogroping
clarity; howaver, water subclasses are possibie 1o obtam vz s
image form, - Figure 2a encompasses alt of Marinn County and
small portions of adjacent countles 2> 900 km?L. The turge
water bodies, Eagle Creck and Geist Reservo.rs. are s v ¥
in the western and northeast~rn portions of thomate. Fron
2b and 2¢ are diglital display enlargements (4 A} of the Geot gadd
Eogle- Creck reservoir areas respectively, Figore 20 s a mox
mum size digital display enlargement (16X} of the Geit
Raservoir area.
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PRES s vanpater seplomented chesiliodion of the shdy
e e hape and ssnloce aeea ol the siabler standing
woer lastoss were fess o cnrately defermined, altheugh
divudenttications aof the water hadies themselves was
senly TG acwneie, Distadtion ol shape and area of
wainet Boaboos seneralty s reases s the size ol the water
e e g denredases,

Rovwr o s than 68 my werde were generally identi-
Bed o ERIS by, Steams or rivers 30 to 60 wide
weee shoeatile b seocasionalby, white those under 30 m o wide
wese ot sedibivd, Comsequently, dut to the resolution
lants ol ERTS data, only the West Fork White River wis
cobsitently identilicd, although portions of smaller run-
min waley teatures were classilicd as water,

Foug spectradly distinet elasses of water were identified
w Manion County {waler | through waler 4). A fifth
shi of water (referred o gy water 5 throughout this dis.
ainsien} was ot specteally sdeptified, bt nevertheless
seems Lo eXist as part ol the closs rommerce, Variations
i the paraaeters that wllected the spectral response of
waler pheniennem have resatted inoa patiern of waler class
distiibution that i ot random, ‘The distribution of the
live elussed o waler helps (o give msight into the param-
eters that abfect the spectral responses of water [eaturey
that wore obrained Itom the Tour hands of KRS daga,

The wreal distribution of the speetril clusses of water in
Marion GCounty was comples. Water 1 through water 3
were Tonned i asimilar sequence in both Eagle Creek and
Geist Reservoirs,  The extreme northern section of cach
reservoir was characterized by water 13 the north-central

-1 SPECTRAL DAND 050 TO 0.64 MICROMETERS
2 SPECTRAL BAND 060 TO 0.0 MICROMETERS
4 SPECTRAL DAND 0.70 TO 0.0 MICROMETERS
4 SPECTRAL BAND 0.60 TG 1.10 MICROMETERS

CLASSES _
SYMBOL CLASS SYMBOL  CLA%S
Y . COMMERGE © . WATER
- INR CITY . - . WATER 2
SUBURBAN i WATER 3
CONCRETE o WATER 4
GRASSY & ' cLoun
WOUoED . sHADOW

Flg, 3-Alnhanumeric represrntation -of Geist Roservoir water
classes an datermined from computer-implemented elassification
of water using four ERTS spectral hands. Each alphanumeric
symbol is equivslent to an area of approximately 60 by 80 m,
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sectiom eontiined water 25 and mest of the rematiing
arca was winer 3 (Jigs, 3-4) Wider 5 was often lound
ardjagent 1o the reservoir shoreling,  Vistually no waler 4
wats Found 0 reservair areas,

Al four speetral elasses (and the partinl water clis
water B) charaeterized the water associated with sianiling
witler hodies (excluding reservoirs),  Fregquemly saniding
witter hodies were dominided by one class of water only,
while in other cases two ar three clisses ol water were
maore characteristic, Approximately 15%, 29%, 2000, and
A0 of the stunding water hodies {exchuding reservoirs)
were dominaded by water |, water 2, water %, ainl water
4, respectively (Fig, 6), ‘The distribution of the lukes and
ponds dominated by a given water class appeared (o be
neurly random, .

Rivers that were sulficienily wide to permit the ERTS
identification of a speetral class of waler were always

M 1 SPECTRAL BAND 050 10 0,60 MICROMETERS
2 4PECTAAL BAND 0.60 TO 0.70 MICROMETERS
. 3 SPECTRAL BAND 0,70 TO 0,60 MICROMETERS
) 4 SPECTRAL DAND €80 TO 1,10 MICROMETERS
ey
Y :
ann CLASSES
v Tass¥
Typavd? AYMEOL  CLASS SYMDOL  CLASS
¥,y |
i ¥ COMMERCE . WATER 1
INR GITY - WATER 2
SUBURBAN ! WATER 3
CONCRETE 0 WATER 4
GRASSY 1§ s CLOuUD
WOUDED - sHADOW

<y
(74 -
Lt
Py e

-

LRl

Flg.. 4=—/iphanumeric representation of Eagle Creek Resorvoir
water clastes as determined from computer-implemanied clatsie
fication of water using four ERTS spectral bangds. Euch al-
nhanumeric symbol is equivalent to an ares of approximataly
60 by 80 m.
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wlentilicd as water 3 {Fige 5% Very narrow {iuler GO m
rning water hodies were Trequestly identilied as water
o,

Fhe Remote Seasie Ahaits o BSEPS that can be cons
aebeyed woter B ave a e ol wead disteilmgion that s
vl it od svater and they soe Toaml i snes where
waier amd nonewater anterlace, CThis type of water is
clissibivd as commeree {one ol e seven nobwaler
chasses), it it can be disssgaished accurinely From aetual
commerce i the study area through a spatiol analysis of
spectral data that is combined with available ground ob.
servation information, For example, a meandering 1250
witde Jinear patiern ol connmerce in o rural arciand i one
RSU fayer of commerce adjacent o an isolated part of a
reservoir are incongruous, henee these patterns can he
identified as water 5 ther than eommerce, There are
few areas (primarily within the maore bhighly-urbanized
sections of the country) where the spatial and spectral
characteristics of wiler 8 are muare diflicult hut possible
1o differentiate from commerce,

Spatial inalysis ol the spectral cliss commerce identifies
RS wirle bands of water & along several nurrow (< 60
) watercourses, acjicent to the basks of wider > 60 m)
waterconrses, and on shavelines o, anding water bodies,
Apparently, water 8 is o ssisture o water reilectanee come-
hined with rellectance from adjacent nonavater phenom-
enit (ie., soil, vegetation, roads, and other featares, Tound
on both sides of a narrow river or similae features along a

LA
== YYYYY bE
Y¥ YausX
Y=Y¥¥4i¥)
Yy

Yy
Yy LAt Ad
Yy 00 Yf{
¥y thin v
I!IﬂlD;
v ALALA Yy Yy ¥
Yv 69'
1 SYECTRAL BANO 0,50 TO 0.60 MICROMETERS
T, 2 SPECTRAL BAND 0,60 TO 070 MICROMETERS
Yy 3 ‘SPECTRAL BAND 0,70 TO 0,80 MICROMETERS
i 4 SPECTRAL BAND 0,80 TO 1.10 MICROMETERS
Y
T CLASSES
Yo, ¥ . SYMBOL  CLASS SYMBOL CLASS
¥ 35‘v oy, Y  COMMERCE . WATER 1
Yoy INR CITY - WATER 2
; u;n Ta Ty SUBURBAN ) WATER 3
‘ nuggg ; 33 CONCRETE 4] WATER 4
;; o . GRASSY 1 [ CLOUD
Yy ¥y ’ WOODED - SHADOW
YY ¥ ¥y
YYYYYYYYY

Flg. 5—Alphanumeric representation of water classes of small Iakes
and narrow stream (the siream is indicated by the winding line
of symbol ¥ in the western parg of the figure) as determined
from computer-implemented classification of water using four
ERTS spectrat bands, Each alphanumeric symbaol Is equivalent
t0 an area of 60 by 80 m. .

shorefine in ihe cise of astading water body )0 10 ey e
Feasibbe 1o sepirite accurately o chis woter O frogu e om
meree salely through speetral analysig hovever, o the
time the wse ol spatinl patieens ol the speorest cieerom
imeree supporil by availofale gronne oiseevaienn il
tinn provides the most accnrate spethnd of delnatiog o
(ifth class of wider in e stady area,

T is importast to attempl toddentily water b asa g
plement Lo information gained from aaadyis of water o
through water 4 becanses 1) improved aconnay in e i
tion of the surfuce arca of water bories v attained: i
more complete and accurate identilication nf very sl
water bodies (< 1.0 ha) isassureds i) many rivers that e
of insufficient widilt 1o be speetrally idemtiticd ay waoter
are subject 1o identification as the partial water class
witter 55 and iv) semipermanent quasiswampy ageas {000
and vegetation forms that periodically are witerfo ed with
shallow stunding water during periods ol ligh moiaure;
that generally are impossible to identily avispectial chas
ol water, are subject to water 5 identilication. Waler &
cannot be used to analyze biological, chiemical, or physicad
characteristics of the water because tao many sirei neogp-
witler influences allect the spectral reflectance of cadh
RS,

Ground observation information, upun which hypotie.
ses in this stuey were bused, was obtained Tor (he study
area waler boties from maps, {Indianapalis atd Marion
County Map, 1972, Cram Company, Indianapalivy, aesal
photographs, published reports, (Division of Plannnsg andd
Zoning Staff. 1972-73, Waler quality control progriug
work papers 3-6, 9-12, and Water quality management
plan-Indianapolis Metropolitan Area,  Department ol
Metropolitan Development, Indiznapolis-Narion Gounty,
Indiana), personal interviews, (R. M. Robling, Senuor
Planner, Indjanapolis Department of Metropolitan Devel-
opment and D, Bochem, Engineer, Indianapaolis Warer
Company, Personal Communication), and visuwal ohiaervee
tions, Baual amaunts of dita for cach water body wee
not possible to obtain,  Some polentslly inpos i
ground observation data could not be obtained; howeser,
the sum total of all data collected permitted an evaluation
ol several parameters that affected the spectral charter-
isties of water. The inlormation gained from this analye
will be.valuable to establish ground ohservauon proce-
dures for Mature Marion County ERTS hydialogical
stueies, : o :

The parameters that appeared to have the greatest i
fluence on the spectral characteristics of water wer 8
variabinty in water depth; if) degree of water wurbidity
particularly related 1o the amount of silt or clay particles
i suspensions i) distibution and amount of macroho-
tanical lorms (aquatie weeds); iv) distribution and amoont
of microbotanical Torms (algae Dlooms); v) chemical im
purities; anel vi) infTuence of sdjucent carth surface fea
tures thal are not an intimate part of a water bady (Lo,
Lree adjucent to a shoreline), Each different cluss al wata
was influenced by varying combinations of these niajor
parameters, Theresults of the water chassilication i
are presented in summary form (Table 1.

An analysis of the dat presented in Talde T indwares
that water 3 and water 4 were the classes least mordified
spectrally by non-water phienomena, while the speciral
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Talitee 1 Desteabdation andd selectoof eharanterstics of Sm elvad water
classes at Marion Cousaty, Jbaa
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mevtionud oF §he ceNeEveira At b2 mudeeate operifsl varioticna
Ly hunwroos ponds apd jdkes caunt. Iy jlymical, choial and bio=
Jintribured throughout tho logicda dmpuginios th the water.
aiady nred
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quintificd  Theme terme ate used aatjectively tu provadd a reiative rankiny of watdr
enpursiicd found wiing the vy cinodce of watee Wenhilbcg ib thid Baalye .

characieristios of water & yetlegted most strongly nons
water featnes. Water ol the spectal water slasses was
tost noticeably allected spectraliy by nor-witer materie
aly Tound o the water, Thigh tarbidity caused by inixing
of silt i cley (Vi running water, wave action, or buman
disturlyance by particularly in shadlow water, was tie soest
commen condition assoctated with water L igh liomass
content in the water (with very litte siiting) characterize
same arcas with water 0 Ponds and lakes that were ine
fluenced sironaly by human aetivity frequently are prone
to g water | clsstiication, Many water bodies with water
dowere revipients ol inorganic aud organic. matesials
{sewage, ferihicer, and some silt) obtained {rom nearhy
residental arcas and Tarms, Tuis specalated by the authors
that water 1 s olten more natrient rich overall than are
the other stiding water hody chisses. A nntrient rich
statsts i the water voukl Bave induced above averagee
biotic activity m these soeas, Several gravel pit lakes also
have aowater 1 eclissificition,  In these greas o combination
of steat deptl and mederate hiotie activity (with litde
siling) alfecis the speetral characterivties of the water,
Witer 2 wppeared to be transitional between the water
classes strongly influenced spectratly by water containing
susprended salids and water that was relatively free of
solids, . _
The nbservinians made between water classes and water
characteristivs “Tuble 1) ure supporwed by electromagnetic
wavelengin redlectance theory, The water class with the
teast silt and other solids should have the lowest spectral
reflectunce becitise of the great spectral absorption in all
ERTS hands, Water mixed with aquatic green vegetation
charaeteristicaily should have fow spectral response also
(lbeit higher overadl than pure water) becasse of the
ubility of green vegetation o absorb light moderately to
strongly in the visible wavelengths and for water to absorb
light very strongly in all ERT'S hands, Water that con-
1ains farge amounts of silc amd clay {and possibly chemical

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

previpitates) has relitively high redlectanee in the visible
part of the speetrum hecawse of the high spectrd relle
tivity o the siltand clay fraction in the wider,

Theoretically, water b (lugh amount of sl aml atluer
satids possibly present) shoukd have the haghost overadl
spectral respanse of the specteal waler eheses, Water 2
(moderately silty with biotic influences possible alwo)
thearetically should be Tower in overadl spectral response
than water [, but higher in spectral response than water
3 (s sibry than water 2 with bietie influence possible).
The fowest spectral response averal] of the spectral water
classes thearetivally shiouk be wuter 1 which frequentiy
cantatns agquatic vegetation Jow reflectance) and vory
lttle silt and clay in suspension, The actual relative spees
tral water classes geqeraily agree with these theoretical
expretations.  In theory, the highest spectral responses of
wil classes that are intluenced by water is water 5. The
spectral responses of water 5 are determined more hy sur-
rounting relatively highly-reflective non-water phenamens
than wister itsetl, Ui its overall specieal pesponse is high-
er than that of uny of the four spectral classes of water,

‘These explanations of speetral variations in water ¢ lasses
andoubtedly are vilid for a very large majority af all
witter hodlies of Marion County, A dearth of data for
some of the known parameters that conse speetral virti-
it in water coupled with the passible exedision of
otlicr putameters thal were not considered it This analysiy
results in conclusions that are subject o shight madiliea
tion, An analysis of the available data does provide work-
ing hypotheses which ean be lested, madified, and im-
proved as future ERTS data are analyzed for their hy-
drofogical content,

CONCLUSIONS

I has been shown that computer-implemented pro-
cessing of ERTS data has a potential use for hydrological
stueies of o metropalitan county,  AD onding water
inadies greater than 6.5 ha are ident ily, therely
permitting an aceurate estimation of e cofarea ol sar-
Lice water in the county,  FPhese arca dita when com.
bined with topographical infarmation will permit an esd-
mation of volume as well as arey of the surface water res
sources of the country. Tempaoral variations in area and
volume ol surfiee water are available theoretically every
18 days, .

A good possibility exists Lo differentiste between waler
retatively free of suspended silt and clay From water cone
taining a lurge sil and clay load, Monitoring this fonn of
turbidity in water bodies can be useful in accessing sonrees
and intensity of erosion in the study area, i selected
cases, this information could be used o heip make region-
a) planning decisions,

The degree of water eutrophication, as measured by the
vegetation content of water bodies, miy he possible 10
monitor using ERTS technology, “Fhese data are im-
portant for waler pollution studics that attempt 1o trice
wied anadyze the effects of nutrientericls eMfluent on the
environment.

Planning water use for recreation and residential pur-
poses requires water quality data,  The exact pragmatic

AUGINAL PAGE IS
JF POOR QUALITY)

et

+
4
i




natne ol ERTS speciral amalysis applied 1o water prale
Joms venvainy (o he demonstrated, and in pagt depends on
further BIRTS Byeeodogicsd analysis o i sty avvacut dils
ferent ties of the year, However, results from this initial
artlysis are very enconraging becase they indicde thal
stgnibicant pracueal applications of spectral datare Teasis
Ble Lo e o help evaluale water resourees,

A 1Balay evele monitoring the witer resourees is une
likely heeause ol elanging weather conditions, but, fre-

quent evaluafon ol waler resouroes tha weald e ovaby
abfe 1o Couty planning al environgnentad ollant
ibles 11 likely tGuat monitoringg ol contpnien gl
s processig of ERTS spreatral date will e ane ol
wiost eflvetive methods ta olituin wleeied 1y ol
Cepnadivy small-seale hiydrologioad dota, Jie attimeae
etivctiveness of monitoring will depend on the deity 1o
unclerstind  hetter how varions parameters alfect the
spectral responses of water in the study area,

Column Studies of Soil Cloggirig in a Slowly Permeable Soil as a Function of Effluent Qualit\,r‘I

T, €. Daniel and J, Bouma?

ABSTRACT

Clogging as a funetion of effluent quality was Investigated in
coras of the very slowly permeable Almena silt loom soif which
offars probiems for conventional onssite liquid waste dispasal, Un.
disturbed 60 o lung cores were subjocted for approximatoly 120
days te constont ponding with simulated septic tank offluent, ox-
tanded ageation efflugnt and distitled wator, Column Jnflucnts and
affiucnts ware monitored with respect to chemical oxygen demand
{coD}, hiochemical oxygen demend (BOD), pnd solid residue frae.
tions, Column influents differed markedly in COD and BOD con-
tent but column effluants fiad consistently low contents indicating
the high renovative capacity of the soll, /a2 situ tonsiometric, redox,
aticl flow rate measurements jndicated devetopment of the most
severe barriers to flow jn coiumns ponded with low BOD aerated
affluant, followed closely by these ponded with high BOD septic
tank offluent, No Farriers developed in columns ponded with
water, Total soncen.zations of solid residue fractions in the wwo
effluents and the cumulative load of solids applied 1o the columns
did nat diffar significantly, but particle sizes in the aerated effluent
were smaller,  Increased pore clogging in aesated influont treat.
ments points.to the significant role of effluent solids in the clogaing
pracess in slowly permeable clayey solls, Additional studles arc in
progress to better define critical waste characteristies as related to
sall clogging,

Additional Index Words: soptic tank effluent, extended aera-
tion, soil disposal, llquid waste,

Slowly permeable soils, such as the Almena silt loam
{Aeric Glossagquall) and other soils with comparable per-
meability characteristios comprise approximately 800,000
heetares {2 million acres) in Wisconsin and are delined as
unsuitable by the current Health Gode for onsite subsur-
face disposal of septic tank elfluent due o the low pers
meihility,  Measured percolition rates of 27,5 minfom
(70 minfinchi} in the topsuil und 394 minfem {100 niin/
inch} in the subsoil exceed the eriticad rate of 23.6 minf

'ontribution from the Soil Science Department, College of
.\;;ricuimr.ﬂ and Life Scientes, Univ. of Wisconsin and the Geol,
Sat, Hhst. Survey, Univ, Extension, Madison, Wisconsin, “This res
search was part of the Small Scale Waste M.m.u,cmr.-nl P'raject, Univ,
of Wiscorain funded by the Upper Great Lakes Regional Comimis-
smn and the State of Wisconsin, Recelved & Dec, 1973

2 Assistant Professor and Associate Professor of Soll Science, re-
spectively.

cm {6t minfinch) {24, 25). T'he capucity of asoil 1o ae-
cept and conduct liguid can be hetter expressed Ly can
sidlering hydraulic conductivity cata which is Jhy-ically
well defined (7). Mueasurements i sitee in the Almen, ! silt
foum yielded Ky values of 4 cmfday (098 galfl1? per
day) Tor the tapsoil and 2 emfday (40 galfI1? pet day)

~Hor the subsodl,

Thelow hydraulic conductivity of Almena silt Joimn sl

can be flustrates] by considering the derived thearelie af
lmulmg rite s a [unction of the pere nl.mnn rate ac ool
ing to @ = 6/t (£ = loading rate iv gual/i? per day; !
percolation rate in minfinch) which is the standard equa-
tion used to size seepage beds (24). A percolation rate ol
39.4 minfem {100 min/inch) translates intoa loadtaip nate
of 1.8 gal/[1? per day, or 2.04 emfday, which is coual 1o
Ksi, the conductivity at saturation, of the horizon,

Crust formation and clogued layers within drainaae
beds will appreciably reduce soil permeshility (7). g
ging of soil pores by suspended particles from cllfuent
may decrease infiliration {113 Other datio sugest thee
clogging may be due 1o production of gums, detivesd hum
o:;,.mu.s in the liguid wasle and m the ol pores (1,

16y 16,17, 23).

Prlur rescarcl s often assumed that dogiing is it
ly related Lo the carbon load of the elilaent, s been
suggested, therefore, that acrobic freatment ol wasie
water which can substantiadly reduce the cubion foad
comlel lengthen the life of the system by rednome Le
clogging problem (12}, Investigations have therelore e
limited to determinations of wanbient Lictors which e e
or alleviate the clogging problem within the seepnoe Bed,
Unl'orlun.ltcl) rescarch has been ostncted ta colinan
shclies using artilivially aggeegated s 4B maierieds gy,
rather than undisturbed cores in" whidh How patteins of
liguia ure significamtly difTerent {2} fo ihds stuey Lange
undisturbed cores of the Almem silt loas woe entraeicd

in the field and pretreated such that nnnomal distisbunice

of structure wntl soil sofution oeeubred posr B i o=
column studies, The lormation of fow ot booers
as i funetion of carbon load was Tollowed with tensiam-
cters,
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