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sEcTloN 1
INTRODUCTION

The Wescor C-52 Sample Chamber measures water
potential of small samples in the laboratory or in the
field without requiring a constant temperature bath. A
thermocouple transducer in an internal chamber func-
tions either as a psychrometer (wet bulb depression
method) or as a hygrometer (dew point depression
method), depending upon the type of readout equip-
ment employed. Researchers have reported excep-
tional ease and accuracy using these instruments.

The instrument is precision machined from the f inest
materials and expertly assembled to assure accuracy
and precise operation. Each unit is individually
performance{ested before leaving the factory. The
psychrometric output for a 0.55 molal NaCl solution
(-25 bars) is recorded and furnished with each sam-
ole chamber.

An al l-metalthermocouple mount provides direct ther-
mal contact between the thermocouple and the upper
heat sink. This and the solid aluminum housing give
rapid temperature equilibration and reduced zero
offset error.

An integral copper-constantan thermocouple sensor
allows accurate ambient temperature measurements
Jor correction of psychrometric readings or for fly sey-
rection when needed.

APPLICATIONS

Measuring matric water potential in soil, wood or other
materials.

Measuring lotal water potential of plant or animal
t issue.

Measuring relative vapor pressure of solvents such as
alcohol, acetone, carbon tetrachloride, etc.

Can be used as a micro osmometer (10 microl i ter
samples) to do rapid accurate sampling without the
risk of measurement artifacts that may accompany the
freezing point depression method.

r
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MODEL C.52 SAMPLE CHAMBER SPECIFICATIONS

SIZE Approximately 57 mm diameter by 75 mm height.

WEIGHT Approximately 0.40 kg.

FINISH Anodized aluminum body.

Nickel-chromium plated thermocouple mounl
and sample holders.

White delrin slide and sealino knob.

LEAD LENGTH 1.5 m

SAMPLE HOLDERS Six holders furnished (two of each size).
9.5mm diameter x 2.5 mm deeo for soil or other
large samples.

7 mm diameter x .l .25 mm deep for leaves, etc.
7 mm diameter x 1.25 mm deep for saturated fi l ter
paper discs.

RANGE 0 to -70 Bars nominally

CALIBRATION Standard solutions.

SAMPLE T|ME 30 seconds to several minutes, depending upon the
time required 

.for 
sample to reach vapor equil ibrium.

PRECfSION 2o/o + 0.1 Bar.
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sEcTloN 2
CONNECTING TO METER

The C-52 Sample Chamber has a single, three con-
ductor cable with an aluminized mylar shield and
drain wire. The black, the red and the bare wire are
copper.  The blue wire is constantan. The black con-
ductor is attached to the chromel side of the psych-
rometer junction and must be connected to the
negat ive input terminal of  the measurement instru-
ment. The red wire is attached to the constantan side
of the psychrometer and must be connected to the
posit ive input terminal.  The blue conductor is soldered
to the red wire just above the psychrometer junction
forming a thermocouple junct ion for the measurement
of temperature. The blue wire must be connected to
the constantan input terminal of  the readout instru-
ment for temperature measurements. Specific instruc-
t ions for connect ing the sample chamber to Wescor
readout instruments are given below,

WESCOR HR.33T MICROVOLTMETER

The HR-33T Microvoltmeter allows measurements to
be made with ei ther the hygrometr ic (dew point
depression) or the psychrometr ic (wet bulb depres-
sion) method. The HR-33T also al lows ambient
temoerature to be read directly from the meter in
degrees Celsius.

The colors of the binding posts on the HR-33T match
the colors of the insulai ion on the lead wires from the
C-52 Sample Chamber. Each lead shoLi ld be con-
nected to the corresponding binding post. The bare
lead (shield) should be connected to the green bind-
ing post (case ground) or lef t  unconnected, whichever
resul is in lower noise pickup. HR-33T Microvoltmeters
manu{actured after February 1979 (S.N. '1606. and
above) do not require any disconnecting of leads to
switch from temperature measurements to water
ootent ial  measurements.

The operat ion of the HR-33T is explained in the
instruction manual for that instrument.

OTHER METERS

The C-52 can be used with almost any meter which
has the capability of providing the appropriate cooling
currenl and which has sufficient amplifier sensitivity to
measure the low signals from the psychrometer junc-
tion. The information given in the first paragraph of
this sect ion wi l l  enable you to make the proper con-
nections to other meters.

An excellent datalogger is available from Wescor for
automated measurements.

SUREFAST CONNECTORS

,A Wescor SUREFAST" connector is now available as
an option on all Wescor psychrometer transducers
and readout instruments. This simpl i f ies transducer
connection, eliminates connection errors and reduces
thermal errors. Check the catalog or contact Wescor
for ordering information.

HR-33T Microvoltmeters with serial numbers above
I769. have SUREFAST'" receotacles. SUREFAST"
receptacles have also been added to some older HR-
33T Microvoltmeters. l f  the sample chamber has a
SUREFAST'" cable connector (C-52-SF), it can be
attached to these units through the SUREFAST''
receptacle. The binding posts are also available on all
HR-33T Microvoltmeters to al low sample chambers
without the connector option to be used. All other
Wescor psychrometer readout instruments or the
Wescor switchbox reouire sensors with SUREFAST
conneclors.

*Last four digits
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sEcroN 3
SAMPLE LOADING

Sample holders of three different sizes (two of each
size) are suppl ied with each sample chamber to
accom;nodate various materials. The sample may be
loaded into the holder before or after the holder is
instal led in the sl ide. Care must be taken to be sure
that part of the sample or other foreign matter is not
spi l led on the l ip of the sample holder or on the sl ide
as this may contaminate the thermocouple and
chamber. Use a l int  f ree t issue to clean the samole
holder i f  necessary. After insert ing the sl ide, the
chamber is sealed to the holder by t ightening the
knob on top of the chamber. Be sure to release the
tightening screw by at leasi 1/zIurn when removing the
samote.

Correct loading procedure is very importani to ensure
accuracy and to avoid contaminat ion within the
instrument.  For solut ion sampl ing, f i l ter paper discs
can be cut with a standard 1/q inch paper punch.
(Sample discs are available from Wescor - catalog
number SS-033). After saturating the disc with the test
solut ion, place i t  in the center of the shal low sample
holder. Take care not to touch the outer periphery of
the sample holder with the wet disc, as this wi l l  con-
taminate the thermocouple mount.  Insert  the sample
into the chamber as soon as possible and f i rmly
t ighten the seal ing knob.

When soi l  or s imi lar samples are being measured, f i l l
the appropriate size sample holder to about r /ro inch
from the top. Before inserting any sample be sure that
the level o{ the sample is below the top of the sample
holder and that the top surface of the sample holder is
ctean.

Incorrect readings wi l l  result  i f  the thermocouple
chamber or the thermocouple is al lowed to become
contaminated with foreign material. Care should
always be exercised to guard against contamination
through improper sample loading or insert ion. Con-
taminat ing soi l ,  f  ingerpr ints or other substances
should not be al lowed to col lect on the sample holder
or the sample slide. See sEcrtoN a for methods of
checking for contaminat ion and for c leaning the ther-
mocouole and chamber.

ln order to achieve meaningful results, the
thermocouple mount, the thermocouple and
the chamber must be clean and free from
excesslve temperature gradients. To check for
these conditlons see SECTION 4.

IMPORTANT

?'
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SECTION 4
CALIBRATION

Each C-52 Samole Chamber is calibrated for one
value of water potential (approximately -25 bars) at
the factory. The psychrometric curve is included with
the instrument.  The instrument can be more precisely
calibrated by measuring the water potential of known
samoles .

The water potential of NaCl soluiions at various
temperatures are given in Table l .  Standard NaCl
solut ions are avai lable from Wescor.  Standard solu-
t ions may be prepared using pure dist i l led waier and
reagent grade NaCl.  A one molal  solut ion is made up
from 58.44 grams of NaCl and 1000 grams of water.
From Table l ,  this corresponds Io -46.4 bars at 25
degrees Celsius. The table can be used to determine
ihe water potent ial  for solut ions of any molal i ty within
the range of the instrument.

Basic cal ibrat ion of the instrument involves measure-
ment of the output as a function of water potential in
the chamber. There is less chance tor error i f  the cal i -
brat ion condit ions are, as nearly as possible, the
potentials between 0 and approximately 0.47 micro-
volts per bar at 25 degrees Celsius using the psy-
chrometer method. The hygrometr ic dew point output
is also l inear and is approximately 0.75 microvolts per
bar. lf the cooling coeffecient fly is properly set (see
HR-33T manual) for the ambient temperature, the
hygrometric output is independent of temperature.
Detai ls of  the measurement orocedures are contained
in the manuals for the readout and control  instruments.

The cal ibrat ion curves of Figure 2 represent typical
performance of the model C-52 Sample Chamber.
They were constructed from data obtained in carefully

control led tests at Wescor,  Inc. Most users wi l l  wish to
determine the actual cal ibrat ion of their  individual
instruments. Using the curves of Figure 2, one can
establ ish the relat ive di f ference between the individual
instrument and the typical  performance, i f  any. A sin-
gle cal ibrat ion at room temperature can serve this
purpose adequately,  s ince var iat ions from typical  can
be expected to be smal l ,  and the same relat ionship
wi l l  apply for the ent ire family of curves. However,  the
same procedure wi l l  apply whether one wishes to do
a single cal ibrat ion or reconstruct the ent ire family of
cal ibrat ion curves for the instrument.

The psychrometr ic output is a funct ion of the ambient
temperature. The C-52 Sample Chamber contains an
internal thermocouple for temperature measurement.
The temprature correction factor is given by:

CORRECTED READING = READING

(.325 + .027 r)

where r  is  in  degrees Cels ius.

Error in cal ibrat ion may also result  f rom rapid ambient
temperature changes which might occur in f ie ld use.
Addit ional suggest ions and information regarding f ie ld
use and cal ibrai ion of the instrumenmt are contained
In sEcTtoN 5.

The Wescor HR-33T Microvoltmeter is designed to
maintain the thermocouple at ihe dew point depres-
sion temperature during measurement of water poten-
t ial .  Instruct ions for water ootent ial  measurements in
the hygrometr ic dew point mode are detai led in the
HR-33T manual.
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sEcTroN 5
CONTAMINATION CHECKS & CLEANING

Even with due caut ion, contaminat ion wi l l  result  f rom
use. l t  is good pract ice to periodical ly check the ther-
mocouple and the thermocouple chamber to make
sure that they are clean. Simple and rel iable proce-
dures have been worked out to accomolish this.

CHECKING FOR CONTAMINATION

Three methods are given below to determine the
oresence of contaminat ion.

METHOD 1

Record the psychrometr ic (wet bulb) output using a
sample disc saturated with a solut ion of NaCl or
another known sample. The presence of contamina-
tion can be indicated by the rate at which the psych-
rometric reading returns to zero following the plateau
and by the sharpness of the plateau. FtcuRE s shows
the difference in the microvoltmeter output for a clean
and for a contaminated psychrometer. A 0.55 molal
NaCl solut ion was used in this example. l f  the output
returns to ambient slowly after an indef ini te plateau
the sample chamber should be cleaned.

METHOD 2

Place an empty shal low sample holder in the chamber
and seal.  After thermal equi l ibr ium is achieved,
release the seal and sl ide the sample holder out and
in a few t imes (without seal ing the chamber),  not ing
ihe react ion on the 10 microvolt  scale of the meter.
Next, place a filter paper disc saturated with pure
water in the sample holder and sl ide i t  out and in as
was done before. lf there is any contamination on the
thermocouple, water wi l l  condense on i t  as the sam-
ple is inserted, causing the thermocouple to heat
(negat ive reading on the meter).  As the sample is
drawn out of the chamber, a posit ive reading wi l l
result  due to evaporat ion from the thermocouple. l f
the thermocouple is clean, there wi l l  be no di f ference
between the reaction with the water sample and with-
out i t .  The thermocouple can be considered to be suf-
ficiently clean for accurate measurements if the
difference does not exceed 5 microvolts.

METHOD 3

Insert  an empty sample holder,  seal the chamber and
al low adequate t ime for thermal equi l ibrat ion. Thermal
eoui l ibrat ion is achieved when there is less than 4 uv

difference between the tNpur sHoRT mode and the
sHoRT mode. After equilibration, insert a sample of
pure water (drinking water is adequate in most areas)
on a f i l ter paper disc and sealthe chamber. After a25
second equi l ibrat ion, take a reading using a 5 second
cool ing t ime. l f  the reading is 2.5 microvolts or less
using the psychrometer (wet bulb) method the
chamber is suff ic ient lv clean.

3 0  6 0  9 0  1 2 0  0  3 0  6 0  9 0  1 2 0

T I M E  ( S e c o n d s )

F I G U R E  3

Outpui From a Contaminated Psychrometer
ano

Output From a Clean Psychrometer

o
o

F

F
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Thermocouple Head Assembly

Thermocouple Mount

Caution!
The thermocouple is constructed of very fine wire and is

therefore liable to be damaged if contacted by any object. Never
touch the thermocouple while cleaning.

FIGURE 4
Enlarged view of Thermocouple and Mount
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1 .

CLEANING THERMOCOUPLE AND CHAMBER

lf the contaminat ion tests indicate that c leanino
necessary, proceed as follows:

IMPORTANT

The thermocouple (FlcURE 4) is constructed
of very fine wire and will be damaged if
touched by an object. Never touch the ther-
mocouple while cleaning.

Remove the two allen head screws visible on the
upper side of the insirument and careful ly separate
the top and bottom halves of the sample chamber.
The thermocouole chamber itself is at the center of
the nickel olated core.

In the fol lowing out l ined procedure, always apply l iq-
uid sparingly and careful ly,  to avoid penetrat ion of
l iquids into the chamber assembly.

Using a dropper,  release cleaning solut ion (100/o
ammonium hydroxide, reagent grade acetone, or a
mild detergent solution) onto the central depres-
sion of the thermocouple mount as shown in rrc-
UBE 5. The surface of the mount inside the O-r ing
and the top of the O-ring should be covered by the
solut ion. Avoid f i l l ing the O-r ing groove with
solut ion.

Hold the top of the charnber in your hand with a
relaxed but f i rm gr ip.  Using a smooth, rapid motion,
pul l  the chamber straight down and away from the
droplet of  l iquid. Inert ial  forces wi l l  pul l  the l iquid
away from the face of the thermocouple mount. A
waste container placed on the f loor below wi l l
catch the l iouid.

IMPORTANT

Do not allow any residual droplets of cleaning
solution to evaporate from the thermocouple
mount as this will cause the disso/ved material
to be redeposited on the thermocouple.

FIGURE 5
Applying Cleaning Solut ion to

Thermocouole and Mount

z .
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lmmediately after step 2, apply a droplet of purified
water* to the central  oort ion of the mount to di lute
any residue of the cleaning solut ion. The puri f ied
water should cover the same area covered by the
cleaning solut ion. Shake off  the l iquid as in the
previous step. Repeat this procedure with puri f ied
water at least five more times. Do not allow the tip
of the dropper to come in contact with the droplet
on the thermocouple mount,  as this may contami-
nate the water in the dropper and subsequent ly
the container from which it is taken. Pure water
that has a resistivity of 1 MEGOHM per cc or bet-
ter must be used for rinsing.

Using alow cLEAN (Wescor catalog number SS-
026), or another source ot CLEAN dry air, purge
any residual droplets of l iquid from the mount as
shown in rrcuRe o. The BLow cLEAN can should
sit flat on the work surface as shown in the figure.
l f  the can is t i l ted, l iquid propel lant may be dis-
charged. The propel lant wi l l  contaminate the ther-
mocouple mount and is very di f f icul t  to remove.
The nozzle should be aimed perpendicular to ihe
mount surface and should be kept aI leasl 1/q"

away from the thermocouple to avoid damaging it.
This operat ion should be done in one short  burst
of 1 to 3 seconds durat ion, The purpose is to blow
away the remaining droplets, not to dry them out.

Visual ly inspect ihe thermocouple mount for any
residual part ic les or other contaminat ion. l f  foreign
mater ial  is v is ible on the thermocouple mount and
rt  does not respond to repeated washing and r ins-
ing, a wooden swab st ick or a toothpick may be
used to scour the surface and help remove the
material. lf it is necessary to remove material that
is near the ihermocouple, i t  is recommeneded that
this procedure be performed under a microscope.

SEVERE OR STUBBORN CONTAMINATION
Ordinari ly,  a single cleaning using the procedure des-
cr ibed above wi l l  fu l ly renew sample chamber perfor-
mance. A severely contaminated chamber may
require that the procedure be repeated a number of
times before a satisfactory clean test is obtained. lf
the thermocouple i tsel f  becomes contaminated with a
substance which cannot be removed easi ly,  such as
the oi ly mater ial  which results from incorrect use of

*Use only de ionrzed water (1 megohm or better) that has been
stored in a covered container for the cleanino ooeration.

F I G U R E  6

Removing Excess Water With Blow Clean

4

5.
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BLow cLEAN (expelling liquid propellant), an unaccep-
table clean test may result even though no trace of
foreign substance is vis ible on the thermocouple
mount. lf repeated cleanings fail to produce a satis-
factory clean test, and if the thermocouple mount
shows no trace of foreign materials, an additional sol-
vent such as acetone (reagent grade), applied before
the cleaning solut ion, may prove helpful .  Caust ic or
highly acet ic solut ions should be avoided, however,
since these could possibly damage the plated surfa-
ces or the thermocouole itself.

l f  the  thermocoup le  mount  shou ld  acc identa l l y
become contaminated with sample residues, it may
become necessary to remove the O-ring in order to
effect a thorough cleaning. This should not be under-
taken unless abolutely necessary, since there is con-
siderable r isk of damaging the thermocouple unless
great care is exercised. The O-ring can be lifted from
its groove in much the same way as a tire is removed
from a rim, by carefully working a rounded, narrow
toot point under the O-ring. Be careful not to injure the
surface of the O-ring or scratch the thermocouple
mount during this operat ion.

Wash the O-r ing in cleaning solut ion and r inse tho-
roughly with distil led water. Replace the O-ring, and
repeat the normal cleaning procedure described
aoove.

lf the O-ring is damaged, replace only with a factory-
supplied part.

q _ q



SECTION 6
ADDITIONAL OPERATING NOTES

SAMPLE LOADING

The sample holder can be removed from the slide to
insert  samples or for c leaning. However,  i f  the temper-
ature of the holder is changed by handl ing, this wi l l
increase the equi l ibrat ion t ime. This may be avoided
by careful ly loading the sample holder whi le i t  is in the
sl ide.

The sl ide has posit ions for two sample holders. For
normal measurements, only one holder should be
placed in the sl ide. The open space wi l l  a l low any
water left on the thermocouple to completely evapo-
rate while the next sample is being loaded.

READINGS BELOW -60 BARS

The second posit ion for a holder on the sl ide is useful
for making water potential measurements below
(dryer than) -60 bars where i t  is i rnpossible to con-
dense water onto the thermocouple from the sample
by Pelt ier cool ing. Basical ly,  the technique involves
insert ion of a shal low sample holder containing a f i l ter
paper disc saturated with pure water. The thermo-
couple is cooled to coat the thermocouple with
condensed water. The sample holder with water is
removed and the sample is then inserted and sealed.
The temperature depression of the thermocouple due
to the evaooration of water in the environment of the
sample is then read from the meter in the conven-
tional manner. Extra care must be taken in preparing
and handl ing the sample to avoid temperature gra-
dients and error due to evaporation or absorption of
water by the sample while it is in the ready position.
Water potential measurements of samples to -3000
bars have been reported using this technique.

EQUILIBRATION TIME

After insert ing and seal ing the sample to be measured
in the chamber, a period of t ime must be al lowed for
equi l ibrat ion of temperature and vapor pressure within
the chamber. The t ime necessary depends on the
temperature differential between the sample and the
chamber, the water potent ial  of  the sample and the
physical  nature of the sample. Equi l ibrat ion t ime for
many l iquid samples may be as short  as a few
seconds. Soi l  and other bulky samples may require 15

minutes or more to ful ly equi l ibrate due to the mass of
the sample and the fact that it may be necessary to
handle the holder in order to f i l l  i t .  For samoles with a
large component due to matric potential, vapor pres-
sure equi l ibr ium may take much longer than tempera-
tu re  equ i l ib r ium.  Vapor  p ressure  equ i l ib r ium is
indicated when successive readings show no change
in water ootential.

Leaf samples may be obtained with a standardl/q inch
paper punch. Prepare the leaf by first swabbing the
upper surface with pure water, then blot. Punch a disc
from the leaf and place it in the sample holder and
seal the sample chamber. Total water potential mea-
surements of this type may require equi l ibrat ion of 15
minutes or more. lf the osmotic potential is of interest,
the leaf can be frozen and pressed onto a filter paper
disc until the disc is saturated. The saturated disc is
measured as with any other solut ion.

The necessary t ime for equi l ibrat ion of any sample
can best be judged through experience with simi lar
samples. l f  necessary, t r ia l  readings on ihe sample
being measured can be used to determine i f  equi l ibra-
tion has been reached. To do this, reoeat the mea-
surement without opening the sample chamber. When
the same result can be obtained repetitively it may be
a s s u m e d  t h a t  v a p o r  p r e s s u r e  e q u i l i b r i u m  h a s
occurred. l t  is important that consistent equi l ibrat ion
times be used in any series of related measurements.

TEMPERATURE ENVIRONMENT

The aluminum housing of the sample chamber psych-
rometer serves as a thermal sink to reduce temoera-
ture qradients within the chamber and the attendant
errors which can result .  This design has proven to be
very effective in laboratory environments and gives
good performance in more r igorous f ie ld environ-
ments as wel l .  Nevertheless, i t  should be recognized
that temperature gradients around the instrument are
not conducive to good results,  and a few simple pre-
cautions taken to help stabilize the temperature envir-
onment, such as avoidance of drafts and direct solar
radiation, will be amplv repaid with better results.

o - l



THERMOCOUPLE COOLING TIME

Thermocouple cooling time does not appreciably
affect the reading from the psychrometer if sufficient
time is allowed to effect condensation upon the junc-
tion. Nevertheless, for best accuracy, one should
endeavor to use a consistent cooling period from
measurement to measurement, and in any case, use
the same cool ing period for measuring samples as is
used in calibrating the instrument for the same range.

SUGGESTED COOLING TIMES ARE:

0 to '-5 bars 2-5 seconds

-5 to -25 bars B-12 seconds

below -25 bars 15 seconds or more

OTHER PROCEDURES

Many techniques and procedures have been deve-
loped by individuals for the use of their  C-52 Sample
Chambers .  Your  persona l  exper ience w i l l  be
extremely valuable. Develop your own methods which
work for you. Be sure to read the manual and be
aware of ihe orecautions oiven.

6-2



TABLE I
WATER POTENTIALS OF NaCI SOLUTIONS
AT TEMPERATURES BETWEEN O-40"C
(Lang,  1967)

Temperalure
Molality

0.05

1 0.c00c 1  50C 25"C

-2.45-2.42-2.38-2 .18 -2.22 -2.26 -2.30 -2.34- 2 . 1 4

-4.77 -4.85-4.70-4.62-4.54-4.47-4.39- 4 . J  I-4.230.1

-9.61- 9 . 1 5-9.00 -9.30 -9.46-8.52 -8.68-8.360.2

0.3 -12 .47 -12.72 -12 .97 -13.21 -1 3:68 -1 3.9.1 - 1 4 1 5  - 1 4 . 3 7

0.4 -16.58 -16.93 -17.27 - t  7 .59 -17 .91 -18.23 -18 .55 -18.86  -19 .17

0.5 -20.70 - 2 1 . 1 5 -21 .58 -22.00 -22.41 -22.81 -23.22 -23.62 -24.02

-24.84 -25.39 -25.93 -27.44 -27.94 -28.43 -28.91

0.7 -29.01 -29.67 -30.30 -30.91 - J t . c l -32.10 -32.70 -33.28 -33.85

-33.98 -34.72 - J O .  I  Z -36.82 -37.51 -38.1 B

0.9 -37.43 -38.32 -39 .17 -39.98 -40.79 -41 .58 -42.27 -43.14 -43.90

1 . 0 -41 .69 -42.70 -43.66 -44.59 -46.40 -47.29 -48.1 5 -49.01

1 . 1 -45.99 -47.13 -48.20 -49.24 -50.26 -51 .27 -52.26 -53.22 -54.18

1 . 2 -50.32 - 3  |  . O U -52.78 -53.94 -55.07 -56.20 -57.30 -59.41

1 . 3 -54.70 -cD.  |  | -57.42 -58.69 -59.94 -61 ..1 I -62.39 -64.71

1 A -59 .12 -60.68 -62.10 -o.t.cu -64.87 -66.23 -67.54 -70.06

-63.59 -65.29 -66.84 -68.37 -69.86 -71.34 -72.76 -74.11 -75.48

l . o -68.1 1 -71 .63 -73.30 -74.91 -76.52 -78.05 -79.50 -81 .07

1 . 7 -72.60 -74.60 -76.40 -78.20 -80.00 -81.70 -83.30 -84.90 -86.50

1 . 8 -77.30 -79.10 -81 .30 -85.20 -87.00 -88.80 -92.10

1 . 9 -81 .90 -86.30 -88.40 -90.40 -92.44 -94.30 -97.80

2.0 -86.70 -89.20 -91 .30 -93.60 -95.70 -97.80 -99.80 -101 .60 -103.50

WATER POTENTIAL (BARS)
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