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APPLICATION OF THERMAL IMAGERY AND AERIAL PHOTOGRAPHY
TO HYDROLOGIC STUDIES OF KARST TERRANE IN MISSQURI

By E. J. Harvey, J. H. Williams, and T. R. Dinkel

ABSTRACT

Aerial thermal radiometric measurements, thermal imagery, and

. aerial photography were used in the Missouri Ozarks to distinguish
gaining and losing streams and gross differences in drainage character-
istics between basins. The imagery was acquired on March 7-9, 1972 and
June 20-22, 1973, in predawn, midday, and postsunset hours.

Tonal contrasts in the postsunset and predawn June imagery appear
to be indicative of a thermal difference between gaining and losing
reaches of Logan Creek on the Salem Plateau and Terrell Creek on the
Springfield Plateau. The losing reaches of the valleys were warmer °
than the gaining reaches in both postsunset and predawn hours. Ground
and airborne radiometric (radiant temperature) measurements obtained
in the months before and after the June flight support this interpre- -
tation of the June imagery.

Tonal contrasts were notobvious in the March imagery. Airborne
radiometric measurements showed that the periods from March to May and
October to November were transitional between the winter and summer
"~ thermal regimes, probably accounting for inconclusive differences in
the March imagery. However, statistical analysis of predawn March
imagery showed that variance in the emitted energy from the losing
reach of the valley was 51gn1f1cant1y greater than that from the
gaining reach.

Tonal contrasts between gaining and. 1osing watersheds were more
evident on imagery of the Salem Plateau than the Springfield Plateau.
Imagery contrasts are subdued on the Springfield Plateau owing to lower
topographic relief, more uniformity of agricultural land use, and the
general similarity of soil material. Bedrock is a uniform massive
Timestone. Surface-water losses from streams occur as discrete flow
into small solution cavities rather than as diffuse seepage into the
alluvial and residual deposits of the Salem Plateau.



Structural features, particularly joints and sinkholes, could be more
readily identified on imagery of the Springfield Plateau than the Salem
Plateau due to the uniformity of the land. Features such as joints that
affect surface drainage were enhanced on the imagery. Imagery obtained in
March when végetation_was dormant was more useful than the June imagery
for identification of structural features and sinkholes whereas that
obtained in June was more useful for discriminating gaining and losing
reaches of stream valleys. Sinkholes that are poorly defined on thermal
imagery are often well defined on color infrared photographs obtained in
the growing, season owing to luxuriant vegetation.

Cne

INTRODUCTION
Problem

Aquifer contamination is an ever-present problem in the carbonate-rack
terrane of the southern Missouri Ozarks. Effluents discharged into a
losing reach of a stream may flow into and contaminate aquifers. Thus,
serious water pollution can result from the location of waste-disposal
facilities at the upstream end of a losing reach, leakage from an impound-
ment of contaminated surface water, co]]apse of an impoundment, or from
accidental spills (Aley and others, 1972).

A losing stream is one in which surface flow may diminish or cease in
a downstream direction. An interrupted stream is one that has alternating
reaches with gains and losses in surface flow. The losing streams studied
in this project lose surface flow into carbonate bedrock. Conversely,
gaining streams receive ground-water discharge from the bedrock and over-
lying sediments.

A guideline established by the State of Missouri defines a 1osing stream
as one that loses 30 percent or more of its flow at the 7-day Q Tow-flow
discharge. The 7-day Qig flow is the average minimum d1scharge or 7 consec-
utive days which will occur on an average of once in 10 years. ‘

When the known information on losing streams is balanced against the
vastness of the Ozarks and myriad of basins, small and large, the problem
of identifying at least a majority of the losing streams by field examination
alone exceeds reasonable manpower capabilities. Although many losing Streams
have been identified in site-by-site evaluation, a means is needed to define
logically and rapidly the hydrologic features of watersheds and relate them
to the structural framework on a regional basis rather than by site-by-site
evaluation. Thermal imagery should be useful in this endeavor.



Purpose

The study was undertaken to evaluate the use of thermal imagery and
photography as practical tools in the identification of gaining and losing -
streams for engineering geologic investigations. The basic premise is '
that alluvial valleys of gaining and losing streams differ in thermal-
radiation characteristics. If differences in thermal-radiation levels
- between known gaining and losing streams can be measured and interpreted,
other gaining and losing Sstreams may be located from remotely-sensed data
with Tittle additional data on ground-water levels and streamflow.

Acknowledgments

Acquisition and analysis of airborne data generally require the
assistance of many persons and agencies. The task of positioning flight
lines at night and providing measured data at selected points as a basis
for image interpretation is obviously important. The Sheriff's Department,
Reynolds County; Missouri State Highway Patrol; the Missouri Conservation
Commission; and the National Park Service assisted in flight-line orienta-
tion on Logan Creek. City of Springfield personnel, under the supervision
of Mr. Harry Criswell, provided flight-l1ine location assistance for Spring-
* field Plateau studies. Mr. George Brancato, meteorologist-in-charge, and.
his staff, St. Louis National Weather Service, assisted in scheduling the.
missions. : :

Messrs. Richard Blythe and Robert Dye, Bendix Aerospace staff
scientists, assisted in flight-1ine layout and mission planning, and made
a statistical analysis of thermal imagery data. We are also indebted to
Messrs. Bill Haeske, technician, and Harry Niendorf and Bill Kellogg,"
pilots of Bendix Aerospace.

The project began in 1970 in cooperation with the Department of
Natural Resources, Division of Geology and Land Survey (formerly Missouri
Geological Survey and Water Resources) when Dr. W. C. Hayes was the State
Geologist. The project was completed under Dr. W. B. Howe, Director and
State Geologist. '

Location

Several areas on the Springfield Piateau in southwestern Missouri
were selected for study (table 1 and figs. 1 and 2). The James and Sac
Rivers and Pond, South, Terrell, and Wilson Creeks are located here.
The rivers are perennial gaining streams and the creeks have gaining and
losing reaches. The area A in figure 2 was included in the project
because it has waste-disposal problems in a rapidly developing area with
a wide distribution of sinkholes and many losing streams. Also, comparison



r T T T T ]
WORTH PUTNAM gsouuu' i
SOTLAND
— e — C1ARK
—— T L_ . e
ADAIR '

GENTRY { ——— SLLIVAN : B
: KNOE g
LNN MACON

SHELWY [. MARION

N
.—*—._‘. i I -
. r__.._ 4 T
CHARITON .
: I woneoe ! AU

4
/\-L. —_ __\ Pt
j AUDRAIN "“—L .

o "M Lpoomt L

/L‘ ———-] S| o
& h
&(AUAWAV & _J 1.
S Py |57 cuants
e 7 A
& g T 10Ul

GR i€t
e

YRR Y AN

\ 5\"63‘ \ )[273? STODDARD \s"“;‘\‘q
\\%g M Jﬁii/”éj ‘)

GUNKUIN

0 20 40 60 80 100 MILES Z R
e e ._‘.

0 50 100 150 KILOMETERS

FIGURg 1.--Map oF Missourl SHOWING SPRINGFIELD AND SALEM
PLATEAUS AND THE AREAS OF THERMAL RADIATION
STUDIES,



Fletcher
P Mine Fal
e Rolla
[ ]
Adair Creek | K4 '
Mine ' Broys
\\._ 5 Lake
¥ 1. '
~N7
~.. P g
Latter >~
Day Saints R
Church " \
I Yogo Norman and \
A Ellington Benton Creeks
~ C

Clearwater
Lake

Logan Creek

and
Current River B
5 MILES ‘
0 5 KILOMETERS
N

Base: U.S. Army Topographic Command (KCGE)

\
N
\
. \
- Sac River B
B . °° ..-
% /FOU“ Springfield 9\0‘}/‘—’
River Lo 7 a
NV Ot (o~ E
X : -
e§§;w K% N
0 (”
Republic. ""03},
el «-\C/r""'ek
S Y .
&f ~ - Wilson Creek Va Roubidoux Creek
i 3 o d
A o“b/ . .an .
r o A Big Piney River D
<

FiGure 2.--0uTLINE MAPS OF AREAS OF THERMAL
RADIATION STUDIES.

5



of thermal imagery of these features on karst limestone terrane of moderately
low relief with dolomite terrane of greater relief and forest cover .on the
Salem Plateau would be useful in determining the variable effects of soil

and rock type§, vegetation and Tand use and topography on recognition of
hydro]ogic<ﬂ£%§cteristics of valley environments.

Much of metropolitan Springfield, with nearly 120,000 people, lies in
WiTlson Creek basin. Effluent from the Springfield Southwest Sewage '
Treatment Plant enters Wilson Creek midway between its headwaters and its
mouth. The middTe segment of Wilson Creek is a losing stream, and prior
to 1970 a significant part of the plant effluent entered shallow limestone
fissures to emerge downstream in springs. This situation was remedied
partly in 1970 by relocation of the sewage outfall below the losing reach
and addition of an aeration lagoon to the system.

On the Salem Plateau in south-central Missouri seven basins were
included for study. The Current and Big Piney Rivers, Benton Creek and
Bee Fork are gaining perennial streams (fig. 2) whereas Norman, Roubidoux,
and Logan Creeks are interrupted streams. : -

Logan Creek on the Salem Plateau was included because it is typical

-of an interrupted stream consisting of perennial reaches with intervening
~intermittent or ephemeral reaches in a relatively undeveloped forested part
of the Ozarks. Lead is mined and concentrated at an operation in the
headwaters of the Logan Creek valley and effluent from the mill is discharged
to a tailings pond in a headwaters tributary.

HYDROLOGIC SETTING

The Ozark Plateaus physiographic province is underlain by carbonate
rocks, mostly gently dipping and consisting principally of massive cherty
limestone on the Springfield Plateau and cherty dolomite on the Salem
Plateau. A fundamental difference between the two plateaus is the thickness
of the carbonate-rock section which is directly involved in the surface
hydrology of the two areas. The limestone section of Mississippian age in
the Springfield area averages 300 ft (feet) thick and is separated from
the underlying Ordovician and Cambrian dolomite section by the Mississippian
Northview Shale. In the Salem Plateau the dolomite section is at the
surface and averages about 1,500 ft thick without a consistent confining
bed. The cave-spring system is better developed on the Salem Plateau and
weathering is deeper. Although these two physiographic subprovinces have
somewhat different hydrologic character, the problem of identifying losing
streams and hydrologic features related to karst terrane is basically
similar. '



Table l.--Seepage characteristics of selected streams in southern
Missouri '

Stream name Springfield Plateau - Salem Plateau

(see fig. 2) Gaining Interrupted . Gaining Interrupted

Pond Creek==-=-=c=v-- R : X eeeee ol
Wilson Creek------=~- oo X © emmme ececena
James River---------- s T - s ———
Terrell Creek--------  --___ X i -
~Roubidoux Creek------  —-oo- ¢ mmmmmee cceas X

Big Piney River------ e e X aa-
Norman Creek--------- fieee - S, X
Benton Creek---------  ---- o emeeeen .
Bee FOrk-----v-mmee-e oo - X eemee-
Logan Creek---~=------ o0 oL ol X ‘
Current River-------- ... . ) S
Sac River------------ S . s emeeee |
South Creek----==----  ___._ X el dcmeas




Losing streams in the Springfield and Salem Plateaus have a number of
common physical characteristics. These include poorly-sorted alluvial
deposits, little development of depositional terraces, often poorly-defined
stream channels, irregular valley widths, abnormally flat valley gradients,
and dearth of phreatophytes. The irregular widths of the valleys suggest
headward growth of the vailey by the coalescence and collapse of sinks.

Many Ozarks streams have 1nterrupted flow. The interruption of flow
may be due to evapotranspiration in the absence of sufficient ground-water .
-~ inflow to maintain a perennial stream. The interruption may be caused by
loss of flew to subterranean solution cavities.

In the mid-1950's, a network of continuous-record gaging stations was
established to provide streamflow data for small watersheds for design
purposes. Of the 21 small Ozarks basins instrumented for continuous record,
Fudge Hollow and Kings' Creek, 2 basins located on the Salem Plateau, are
extremely deficient in runoff because surface flow is lost into bedrock
aquifers. Over a period of 15 years, annual runoff from Fudge Hollow and
King's Creek (fig. 3) averaged respectively only 1.5 and 1.7 in. (inches)
in areas where normal runoff averages 12 to 14 in. Many other basins with
deficient runoff are ungaged. ' :

The Springfield Plateau

The Springfield Plateau has a rolling surface of moderately low relief
underlain for the most part by limestone of Mississippian age. Karst devel-
opment is extensive and sinkholes, caves, losing streams and springs are
common. Extensive cave-spring systems exist in the limestone in the form
of relatively small but continuous conduits which transfer water from the
point of loss to springs and wells. Ground-water movement through the
cavern)system has been measured at a rate as h1gh as 0.4 ft/s (foot per
second :

Some faulting exists in the region. The Sac River fault (fig. 2) trends
northwest across Wilson Creek and parallels Pond Creek north of Republic.
Joint sets are prominent with principal orientations in northeast and north-
west directions. Sinkhole alinement and ridges and valleys generally trend
in these directions.

The soil on much of the Springfield Plateau is a permeable, stony red
clay, 10 to 30 ft thick, formed as an insoluble residuum of the limestone
bedrock. Because of intense solution of.the bedrock, the soil-rock contact
is very uneven, and limestone pinnacles and shallow cave systems have devel-
oped at or near the contact. Many cave roofs dome upward into the subsoil,

a condition contributing to collapse, part1cu1ar1y following man-induced
changes.
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FIGURE 3,--MAP SHOWING LOCATION OF LONG-TERM
CONTINUOUS RUNOFF RECORDS FOR SMALL BASINS
IN MISSOURI, :
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Alluvium in the stream valleys may range from 5 to 20 ft thick
although many channel reaches have bedrock floors. Stream-channel losses
are point losses in that surface flow is captured in sinkholes or solutipn
openings along joints in exposed limestone bedrock. These features are
more obvious on the Springfield Plateau than they are on the Salem Plateau
because of thinner alluvial deposits on the Springfield Plateau. However,
water storage within the shallow limestone fissures of the Springfield
Plateau is less than in the cavernous bedrock of the Salem Plateau, and
springs are usually small compared to those on the Salem Plateau.

Wilson, Pond, South and Terrell Creeks (fig. 2) near Springfield
contain gaining and losing reaches. The losing reaches of Wilson, South
and Pond Creeks typify losing streams of the Springfield Plateau in that
Tosses into bedrock fissures are usually visible. Terrell Creek is similar
to losing streams of the Salem Plateau. Its flow disappears gradually in
a reach of a mile or so depending on the season and the weather. Seepage
runs on the four streams show that they gain in reaches containing springs
but lose all or part of their flows in intervening reaches.

The James and Sac Rivers are perennial streams. The James River is
impounded by a dam and the discharge from the reservoir is heated by mixing
with water from a nearby power plant. The Sac River is a springfed stream
with a small inflow of treated sewage. The surface flow lost in Pond Creek
reappears in springs in Sac River. ,

Wilson Creek receives most of Springfield's treated sewage which is
50 or more percent of the total low-flow discharge of the stream at its
junction with the James River. Dye traces have shown that the system of
solution cavities beneath the creek is complex and accounts for the alter-
nating gaining and losing reaches (Harvey and Skelton, 1968, and Gann and
others, 1976).

The Salem Plateau

The topography of the Salem Plateau is rugged and densely wooded in
some places, rolling and open in others. Loss of surface flow to caverns
results in less annual runoff, less dissection and less relief. Logan Creek
basin, one of the areas selected for the study, is an example of a low-relief
watershed. On side-looking radar imagery (SLAR) the smooth appearance of
the basin contrasts with the rugged terrain of contiguous watersheds drained
by gaining streams (Harvey and Skelton, 1972).

Normal faults are common structural features in some sections of the

. Salem Plateau. Streamflow losses occur in the vicinity of some faults‘while

neither significant losses or gains occur at other faults. Prominent joint
sets have northwest and northeast directions and exert varying control on
drainage development. Bedrock consists of massive dolomite with thin inter-
beddid snadstones and shales of ‘Cambrian and Ordovician age (Gann and others,
1976). ' ‘
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Extensive cavern systems are composed of vast chambers connected
by conduits. Ground water in some of these systems has been traced
many miles from points of loss to discharge in the scenic springs and. -
- rivers of the Salem Plateau (Gann and others, 1976). Nine major springs
with average discharges of more than 100 ft3/s (cubic feet per second)
attest to the tremendous storage in the residuum and cavernous bedrock
and the recharge capabilities of the karst upland and its system of
losing streams (Vineyard and Feder, 1974).

The upland soil cover ranges from 20 to 300 ft in thickness. It
is moderately permeable residuum of stony red clay derived from weather-.
ing of the underlying bedrock.

Alluvial soil ranges from 10 to 40 ft thick. A silt-loam surface
soil 3 or 4 ft thick overlies permeable sand and gravel deposits.
Poorly-sorted soil deposits in losing stream channels are the result of
storm-surge transport in conjunction with diminishing downstream flow.
Gravel-filled stream channels may attain widths of 200 to 300 ft. The
underlying bedrock may be deeply weathered, resulting in irregular bedrock
profiles.

With only intermittent surface runoff the opportunity for develop-
ment of terraces is lacking. Little accumulation of fine-textured,
colluvial soil occurs at the toes of valley slopes so that a sharp
topographic break exists between the flood plain and the base of the
upland slope.

Streamflow losses may occur in reaches many miles in length. Within
the losing reach ground-water levels usually range from 50 to 250 ft below
flood plain level. A change in the depth to the water table may occur
abruptly at- the boundary between gaining and losing stream segments, or
the water-table surface may descend gradually for several miles near the
gain-loss boundary. In areas where the water table is far below land
surface, the uplands are less dissected and stream gradients are flatter
in the losing reach than in the gaining reach. Finally, absence of
riparian vegetation is typical of losing streams. .

Logan Creek is a typical example of an interrupted stream with
gaining and losing reaches (fig. 4). The upstream reach has perennial
- flow that is sustained by springs, and the ground-water level is near the
level of the flood plain. The stream goes dry in the middle reach where
ground-water levels are 100 to 250 ft below the flood plain. Only small
seeps occur at the base of the bluffs along this part of the stream.
- The lower reach is a gaining stream and ground-water levels are once
again near the level of the flood plain. At least some of the flow lost
in the dry middle segment of Logan Creek resurges at Blue Spring (fig. 2)
{S7S?e Current River basin 8 mi (miles) to the southwest (Feder and Barks,
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APPROACH

Water has high specific heat compared to specific heats of other
common naturally occurring materials. Thus, it has a high heat-storage
capacity and is characterized as a heat sink. For this reason, the
presence or absence of water is important in discriminating between gaining
and losing stream valleys. Determination and comparison of diurnal and
seasonal temperature cycles of flood plains should reveal thermal-emission
variations which are due to the effects of gross differences in water
content (including soil moisture) that occur in the valleys of gaining
and losing streams. The assumption is that variations in diurnal and
seasonal thermal emission are a function of the .soil formation within the
flood plain, the presence or absence of water, the resultant vegetative
growth and the characteristics imparted to the air mass above the ground..

Comparison of these thermal variations should assist in defining the losing. -

stream reaches.

Fine-textured alluvial soils, stratification, and sorting result in
a higher moisture level that characterizes gaining stream valleys. Soil
deposits in losing streams are poorly sorted, coarse, and well drained.
Terraces are generally absent. These features which are indicative of
gaining and tosing streams, although not necessarily directly related to
water-table depth, are indicative of water-table conditions.

The investigation of losing streams included collection of background
hydrologic data on stream and springflows and ground-water levels,
ground radiometric surveys followed by aerial radiometric surveys of
gaining and losing stream valleys using a Barnes PRT-5lradiation thermom-
eter and acquisition of aerial photographs and thermal imagery.

The work began in December 1970 with ground- and low-altitude radio-
metric surveys. Imagery and photographs were acquired on March 7-9, 1972
and June 20-22, 1973.

Ground Surveys

Ground radiometric measurements were made at sites along Roubidoux,
Benton, Norman and Logan Creeks (fig. 2). Surveys spanning 24-hour periods
were generally made in fair weather in all seasons from December 1970 to
March 1972. Circular plots about 2 ft in diameter were selected at each
site and the same plots were visited each time radiometric temperatures
were measured. Plots consisted of sand, sand and gravel, and water when

1The use of brand names in this report is for identification purposes
only and does not imply endorsement by the U.S. Geological Survey.
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present in the channel, and bare soil and grass on the flood plain. Water
temperature was measured with a radiometer and mercury thermometer.

Meteoro1oglca1 factors affect thermal emission from the ground. An
understanding of the effect of the factors is necessary to interpretation
of radiometric data, whether obtained by a radiometer on the ground or in
an aircraft, or by a thermal scanning system. Sky conditions varied from
clear to overcast with and without dew, frost, rain, snow or ground fog.
Air temperatures and relative humidity were measured and wind and sky
conditions mated. The percent cloud cover, cloud type, and atmospheric
haze were recorded to help in the surface- -temperature analyses.

Airborne Radiometry

The radiometer and a recorder were mounted in a single-engine (PA-32-260)
plane. Flights were made in all seasons under a variety of weather condi-
tions during the day and night. Each overflight usually consisted of twa
passes of the valley. Table 2 is a flight record showing the areas flown,
month, and time of day or night.

Flights followed the meandering paths of valleys, but their adjacent
slopes and uplands were frequently in the view of the radiometer. A 70-mm
camera was used on one flight to assist in definition of the flight line
and the radiometer trace. Later a portable TV camera was installed on the
plane and alined with the radiometer to record-ground truth. The photo-
graphs and TV imagery were especially helpful in the interpretation of
radiometer data by correlating the radiometer trace with the ground scene.
Based upon the results of these fiights, calibrated thermal imagery was
collected for several basins.

Thermal Imagery

Thermal imagery of Logan Creek valley, the Logan Creek and Current
River watersheds, and the Springfield-Republic area was obtained on March
7-9, 1972 and June 20-23, 1973 ?tab]e 3.)

March imagery acquired under contract with the Bendix Corporation'used
a Bendix Thermal Mapper, type LN-3, sensitive in the 8- to 13-micron range.
In June, a Bendix 11-channel modular multiband scanner (M2S) was used. The
M2S scanner obtained imagery in the visible and infrared waveiengths. For
purposes of mak1ng temperature comparisons between different parts of the
watersheds, no gain adjustments were made during imagery acqu1s1t1on in any
of the missions. The time lapse was short between flights in the Springfield-
Republic and Logan Creek areas to assure completion of the entire prOJect
under reasonably similar weather conditions.
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Table 3.-—-Record of times and altitudes of thermal imagery flights,
Altitudé€s are given in parentheses, in feet, above ground level and

times are central standard

o Springfield-Republic

Logan Creek-Current River

Date Predawn Midday Postsunset Predawn Midday Postsunset
First mission:.
3-7-72  —mmmme mmmmem embemmeeee cmcmen emeees (1600, 3000)
‘ 2000 h
3-8-72  ememem meeee- (1600) (1600, (1600, =-~-==-==mmm-
2000 h - 3000) 3000,
. 0500 h 6000,
8000)
1130 h
3-9-72 (1600) (1600, ==-=mm=-o= | mmmeee emmmn mememeeeee
0600 h 8000
1200 h
Second Mission:
6-20-73  ------ (1600,  (1600)  =c-=m=  mmmmem meecmeene-
8000) 2100 h
1230 h
6-21-73 (1600)  =====-  c;emmwmeem eemeem aoeees (3500)
0300 h 2030 h
6-22-73  —-m===  mmmmee mmmmeemee- (3500) (3500, ------=-n--
0400 h 6000,
8000)
1030 h
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Thermal data were recorded on magnetic tapes and later printed on
70-mm film strips for preliminary analysis. The calibrated scanner
recorded thermal emissions using an instantaneous field of view of 2.5
milliradians with a scan angle of 90° and roll compensation up to 10°.

Weather conditions were clear during the March 1972, and June 1973,
flights except for small areas of ground fog at predawn on Logan Creek
and scattered clouds during the midday June overflights of Logan Creek.
Winds at ground level were generally light, except for 12 to 17 mph (miles
per hour) wind during the midday flights. Dew which occurred during the
June predawn overflights of Logan Creek began to form late in the post-
sunset flight. :

The scanner was flown in March 1972 at Tow levels for detailed

'kecording of data along stream channels and at higher levels for a general'

view of watersheds (table 3). In March, two parallel low-level overflights
of Logan Creek were made at 1,600 ft above ground level (AGL) in order to
view the entire flood plain. As a result, the flood plain at times was

in the center of the imagery, and at other times was at the edge where
distortion was greatest. Also, it was necessary to match the two imagery
strips for a complete view of the valley. In June 1973 the Logan Creek
low-Tevel flights were 3,500 ft AGL for detailed imagery. It was decided
that one flight at this altitude would be more satisfactory despite some
loss in detail.

At the time the imagery was flown, ground-truth data were obtained.

.This included data on streamflow and water temperature, land use, vege-

tation distribution, soil types, local weather conditions, and soil
temperatures.

Photography

Color, color infrared, black and white infrared, and black and white

»70-mm film (filtered to enhance the red part of the spectrum) were used

in the March midday flight. Only color and color infrared film were used
in June. '

SALEM PLATEAU STUDY AREA
Ground Data

Norman and Benton Creeks.--Ground radiometer work on Norman and

'Benton Creeks, small adjacent watersheds in the Meramec Basin on the

Salem Plateau (fig. 2), was carried out concurrently with the work on
Logan Creek in 1971 and 1972. The reasons for selecting Benton and Norman

*. Creeks were their proximity to the Rolla, Mo., headquarters and availability

of hydrologic data for the valleys. Relief in the two valleys is similar,
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Norman "Creek is a losing stream except in the headwater area, Benton
Creek is a gaining stream throughout its length. Ground-water levels are
as much as 100 ft below ground surface along the losing reach of Norman
Creek while they are near flood-plain level on Benton Creek. Ground radio-
metry on February 17-18, 1971, showed that the alluvial sand and gravel
(fig. 5B) along Benton Creek were warmer than that in the losing reach of
Norman Creek:throughout the diurnal cycle. On June 29-30, 1971, however,
Benton Creek alluvium, both channel fil1l and flood-plain soil, was cooler
than that in Norman Creek (fig. 5A and 5B). This tends to confirm the
original hypothesis of this study that the alluvial soil of gaining streams
has less seasonal temperature variation than that along losing streams.
Usually the diurnal variation in temperature a]ong Benton Creek was smaller
than the variation along Norman Creek.

Normally minimum air and land-surface temperatures occurred in both -
valleys near sunrise, A comparison of the graphs of the February and June
1971 data shows the effect of local climatic conditions on air and land.
temperatures, time, and their 1mportance to interpretation of thermal

data.

The surveys of July 9 and August 17-18, 1971, were made for the -
purpose of comparing the diurnal heating and cooling cycles of coarse and
fine-textured saturated alluvium of Benton Creek (gaining) valley with the
unsaturated alluvium in Norman Creek (1os1ng) valley. Coarse sand and
fine and coarse gravel existed 