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Contents of this publication have been reviewed only for editoria
and granmatical correctness, not for technical accuracy. The naterial
presented herein resulted from objective research sponsored by the
Wom ng Water Research Center, however views presented reflect neither a
consensus of opinion nor the views and policies of the Water Research
Center or the University of Womng. Explicit findings and inplicit
interpretations of this docunent are the sole responsibility of the
aut hor (s).



DES|I GN AND | NSTALLATI ON
of a
WEI GHI NG LYSI METER

| NTRODUCTI ON

Efficient planning and wuse of available water requires accurate
eval uation of all conmponents in the water budget. Most water users are
legally entitled only to the quantity of water consunptively used which is
usually a portion of the total water diverted. This is generally the case in
both interstate and intrastate water |aws, policies and conpacts.

It is obvious that water is essential for food production. This water
can come from precipitation or from irrigation which is applied to augnent
natural rainfall. At the present tinme, conpetition for a finite anount of
water is increasing. Maj or conpetition for water is between agricultural
production, nunicipal uses, i ndustrial uses and recreational uses. In the
western United States this situation is aggravated by the rapidly devel oping
energy industry.

Irrigation water requirement estimates are very inportant for project
pl anning and irrigation scheduling. In addition, consunptive use by crops is
the limt of water transferred from agriculture to other uses according to
western water right |aws. Al'l of these factors have served to increase the
i mportance of estimating irrigation water requirenents. In many cases, such
as irrigation water right transfers, the econonic stakes are enornous; these
stakes conprise, first, the sale value of the water involved and, second, the
adverse effects of water right transfers on agriculture.

Wom ng water law is consistent with western water rights law in that the
following criteria are inposed upon any change in water use. An exanple of
such a change would be from agricultural to nunicipal uses.

1. A new use cannot involve diversion rates that exceed the previous
di version rates.

2. A new use cannot involve total diversions of water froma stream
systemthat exceed historic diversion rates under the previous use.

3. A new water right use cannot exceed the previous historic consunptive
use.

4. A water right transfer cannot danmage vested water rights hol ders.

Trade or brand names are used only for the purpose of educationa
information. The infornmation given herein is supplied with the understanding
that no discrimnation is intended and no endorsenment by the University of

Womnming is inplied.



It is apparent that the burden of proof is upon anyone seeking to
transfer water that the criteria will be satisfied under the proposed new use.
In addition, historic consunptive use nust be deternmined using the best
avai |l abl e technol ogy.

It is physically and financially inpossible to measure vegetative water
use in every area of interest in the State of Womng. Mthods and/or nodels
must be developed with which reliable estinmates can be nade using linmted
i nformation.

The State of Wonming also has several on-going projects which are
directed towards nodeling vegetative water wuse in given basins. These
projects involve nmeasuring vegetative water use wth both disturbed and
undi sturbed non-wei ghi ng | ysimeters. Lysinmeter data are used wth
environnental and climatic data to calibrate and eval uate proposed vegetative
wat er use nodel s.

The weighing lysineter represents the best available technol ogy for
determ ning vegetative water use. The research reported herein involved
devel oping and installing a weighing lysineter in the Laranmie River Basin, an
area which has been included in Agricultural Engineering water use research
for many years. Data will be used to evaluate experinental errors or bias
i ntroduced into nodel s through use of |less reliable equipnent.

The undi sturbed weighing lysinmeter is a pernanent research facility which

will contribute to the educational and research prograns of the Wom ng Water
Research Center and cooperating academ c departnents. In addition to
providing needed research data, it wll serve to denonstrate the best

avai | abl e technol ogy for neasuring vegetative water use.

The relative sophistication of a weighing |lysineter is such that it
requires nore attention and greater technical expertise for satisfactory
operation than does a non-weighing |ysineter. This could present a serious
probl em because the tine and effort required would be prohibitive if the
lysimeter was installed in a renpte area.

Fortunately, the Agricultural Engineering Department has installed and
mai ntai ned |lysineters continuously in the Laranmie area for nany years. The
University, Jlocated in a region which produces irrigated neadow hay, is
uniquely located for this research. |In this area, the weighing I|ysinmeter can
be conveniently observed and properly maintained to insure reliable research
results. A weighing Ilysineter near Laramie is located at the highest
el evation of any simlar facility in the United States and probably in the
wor | d. Models verified wunder these conditions would be unique. The

information obtained should significantly enhance the reliability of
vegetative water use nodels and should thereby enhance the analysis of water
use within Wom ng.

The lysineter facility provides a unique tool for botanists, agrononists
and other plant scientists on canpus. By recording information such as soil
nmoi sture conditions within the lysineter and plant characteristics such as
gromh rates and maturation it will be possible to nore closely evaluate and
nodel the influences of environnent on plant grow h.



Accurate plant water wuse and growh nmodels could help provide the
i nfornmati on needed to objectively consider controversial water policies. For
exanple, maintaining in-stream flows for fisheries would cause higher water
tables and increase riparian plant grow h. The effect of increased water
availability from the ground water on increased vegetative growh and water
use could be evaluated in the weighing |ysimeter.

OBJECTI VES

The purpose of this research was to develop and install an undisturbed
wei ghing lysineter in the Laranie River Basin. This location will facilitate
providing the necessary managenent to insure continuous and reliable
operation.

The Ilysineter contains an undisturbed soil profile wth acconpanying
vegetation. To the best know edge of the authors, the lysineter is the first
systemof its type installed anywhere, particularly at high el evations.

Once operational, the lysinmeter will be used to:

1. Provide the best direct estinmate of water use by neadows in the
Larani e area.

2. EBvaluate the role of rainfall in meeting plant water requirenents.

3. Provide conparative data to eval uate the accuracy of non-wei ghi ng
| ysimeters. Results wll be wused to correct errors or bias
i ntroduced into vegetative water use nodels through data obtai ned
from non-wei ghi ng | ysi neters.

The key to a successful weighing lysineter is to design a system capable
of detecting a change in weight equal to a mllineter of water when the
lysimeter itself weighs several kilonewons. For exanple, a precipitation
event on the surface of a lysineter equivalent to 1 nm of water may weigh
approxi mately 10 Newtons. To detect a change in weight equivalent to 1 nm of
water, the weighing system would have to be sensitive to approximately the
O 1% level. In actual practice, the lysineter weighing system should be
sensitive to approximately 0.03% This can be acconplished by nmaking the top
area of the lysimeter large relative to its depth, by maintaining the water
table depth precisely and by using nodern high technology sensors on the
wei ghi ng system and a conputer controlled data acquisition system

BACKGROUND | NFORNVATI ON

Recent unpublished research by Burnan (1983) has indicated that:

1. Crop water use may be 20% greater in | ysi meters containing
undi sturbed soil with the associated vegetation.

2. FEffective rainfall my account for 30% of the consunptive use.
Met hods for estimating effective rainfall required in non-weighing
lysimeters are very crude and often m sused.



It is inmportant to note that Burman used non-wei ghing lysinmeters, and thus his
results, although better than neasurements obtained wusing disturbed soi
profiles, may not be totally reliable.

Normal |ysimeter installation involves excavating soil, placing the tank
or lysimeter in the excavation and placing the excavated soil in the
lysimeter. The soil profile is disturbed and soil structure is virtually
destroyed. Vegetation is seeded or transplanted in the |ysineter. Bur man' s

observations concerning soil disturbance can be alleviated using procedures
recently devel oped for undisturbed |lysineter installation

If all possible pathways of rainfall disposition are considered
effective rainfall is indeed a very conplex concept. In fact, the working
definition used will vary with the discipline involved (Dastane, 1974)
Effective rainfall means one thing to a hydrol ogist and a different thing to a
scientist involved in irrigation scheduling. In addition, it 1is weasy to
m suse the Iimted procedures available for estimating effective rainfall. In

many cases, expedi ency rather than judgnent is the guiding principle.

Dastane (1974) presents a very extensive discussion of effective

rainfall. Hi s publication shows that the disposition of rainfall involves
direct evaporation from plant surfaces, surface runoff, interception by
vegetation, infiltration into soil, and other processes. Wei ghing |ysineter

nmeasurenents are the nost precise nethod of determning effective rainfall
because all conponents of the water bal ance are measured (Dastane, 1974).

Design factors involved in lysinetry were reviewed by Harrold (1966) and
Tanner (1967). Soil profile depth and disturbance, siting, soil thernal
nodi fications, wi nd, and drai nage are inportant considerations.

Two different types of weighing lysineters have been devel oped. These
i nvol ve counterbal ancing the dead |oad (scales approach) of the |Ilysineter
(Black et.al., 1968; Pruitt and Angus, 1960), or using sensitive |oad
nmeasuri ng devices. (Armjo et.al., 1972; Ritchie and Burnett, 1968). The
|atter approach is currently nore attractive, particularly because of the
accuracy, precision and utility of conputer controlled data acquisition
syst emns. Oten both approaches are combined in weighing |lysineter

construction. Modern microprocessor controlled data acquisition systens all ow
frequent readings (up to 500 or nore tinmes per second) and can conpute and
store thousands of data sanples in the desired output fornat.

LYSI METER DESI GN

The general concept of a weighing lysinmeter requires four major elenents.
These include the container to hold the soil, water and vegetation; a rigid
foundation; the force neasuring or weighing system and the data acquisition
and anal ysis system Accessory instrunmentation is also required to neasure
and record climatic data.

The lysinmeter designed and installed in this research is illustrated
schematically in Figure 1. It consisted of two cylindrical containers, one of
which fitted inside the other. The inner cylinder contained the soil, water
and vegetation, and its weight was neasured using three strain gage | oad
rings. One of the load rings is illustrated in the schematic shown in
Fi gure 2.



The outer cylinder formed the working surfaces of the foundation and, for
ease of assenbling the lysinmeter, was fabricated in two parts. The |ower part
was installed in the earth in concrete, as shown in Figures 1 and 3. The
i nner container was then placed in the cavity, and the upper part of the outer
cylinder was install ed. Referring to Figure 1, note the flange on the inner
cylinder to which the bottomof the load ring was attached. The upper part of
the outer cylinder was sealed to the lower part and rested on the concrete
foundati on and provided the attachment point for the top of the load ring
The inner cylinder was thus suspended within the outer cylinder by the three
| oad rings, which neasured tensile forces. After installation was conpleted,
undi st ur bed soil and vegetation was placed around the outer cylinder to
restore the original ground surface el evati on and vegetation

CYLI NDER DESI GN

Cylinder dinmensions were selected based on muintaining a suitable

diameter to depth ratio (greater than one), and the availability of large
di ameter steel pipe. The inner cylinder used in the lysinmeter was 1067mm in
outside dianmeter with a 9.5 nmm wail thickness and 1372nm | ong. A 12.7 mm

thick steel plate was wel ded to the bottom

The outer cylinder was 1118mm in dianeter with a 12.7 mm wall thickness.
This provided a radial clearance of 12.7 nmm between the inner and outer
cyl i nders. M ni mal cl earance between the cylinders was desirable from the
standpoi nt of reducing effects of surface disturbance on the |ysineter, but
some clearance was necessary to facilitate assenbling and aligning the two
cyl i nders. Nom nal di mensions and clearances for the cylinders are shown in
Fi gure 1.

LOAD RI NG ATTACHMENTS

Notches were provided in the foundation at 120° intervals, (see
Figure 3) to accommpdate the load rings and load ring attachnents. The | oad
ring attachnent to the inner cylinder is shown in Figure 4, and the upper and
| ower attachnents are shown in Figure 5. Refer also to Figure 2 for details.

The nethod of attaching the load rings to suspend the inner cylinder
inside the outer cylinder is shown in Figure 2. Referring to the figure
noti ce the turnbuckl e connections, which were provided to relieve the force in
the load ring. This assenbly was necessary to facilitate installation and
renoval of the load rings in the event of a malfunction. The well rod nut on
top of the load ring was used to align and |level the inner cylinder within the
outer cylinder. A vertical plate was placed over the load ring access area
and attached using the bolts visible in Figure 5. Silicon sealant was used as
a gasket to prevent water fromentering the area around the | oad ring.

LOAD RI NG DESI GN

Specifications, design calculations and calibrations of the load rings
are given in the Appendix. Each load ring was configured in a full bridge
strain gage circuit, using MwWA-06-250BG 120 strain gages. Lead wires were
run fromeach load ring to the data acquisition system



LYSI METER LOCATI ON

The weighing lysineter was installed in a native grass hay neadow on the
Monolith Ranch, |ocated approximately 12 kil oneters southwest of Laramie. The
meadow is southeast of the Laramie River, at an elevation of approxinmately
2300 m

The specific site was selected based on an investigation of subsurface
soil and water conditions, condition of the nmeadow, terrain and accessibility.
It was necessary to locate the lysineter near the outer edge of the neadow to
provide a stable foundation. Hi gh groundwater during the irrigation season in
| ower portions of the nmeadow woul d have prevented establishnment of a suitable
f oundati on.

A small rise in the terrain exists to the southeast of the lysineter
Site, but no appreciable rise occurs for nore than 75 m This should be
adequate to avoid surface wnd disturbance in the southeast-northwest
directions. Prevailing winds at the site are fromthe sout hwest and should be
unaffected by the topography.

Greasewood and simlar brush was cleared from around the site. Regr owt h
will be cleared in the Spring of 1985 using an appropriate herbicide.

The site was fenced to enclose an (30 m by 30n) area surrounding the

lysimeter. The fence was erected using four strands of barbed wire and two
tiers of horizontal poles. The fence was necessary to prevent livestock from
stepping on and/or grazing on the |ysineter. There remains an unavoi dabl e

possibility of damage to the lysineter fromwildlife.

LYSI METER DRAI NS

Drains were provided in both the outer and inner cylinders of the

lysimeter. The outer cylinder drain (Figure 1) was needed to prevent
accunul ation of water between the cylinders which could cause the inner
cylinder to float. Such a buoyant affect would reduce the apparent weight of

the inner cylinder and would cause an incorrect weight reading. Wat er which
accunul ated between the cylinders was renmoved using a snall hand operated
suction punp.

The drain for the inner cylinder was placed prior to installing the soi
and vegetation. This drain consisted of a 50 mm PVC pipe run down along the
inside of the wvertical wall of the inner cylinder and across the bottom of
the cyli nder. The drain is shown in Figure 6. The pipe across the bottom
was perforated with slits to allow water entry. A filter was formed around
the pipe by first placing a screen around the pipe, then sand and finally a
shal l ow |l ayer of fine gravel. Installation of the filter was necessary to
prevent transport of fine naterial fromthe soil into the drain.

In operation, the drain in the inner cylinder will be used to renove
excess deep seepage waters from the lysineter and/or to control the depth of
the water table. Using this drain, it will be possible to simulate any
desired water table depth and to control the water table depth accurately.



SO L AND VEGETATI ON | NSTALLATI ON

Soil and vegetation were placed in the inner cylinder to duplicate as
cl osely as possible natural conditions surrounding the site. Subsoil in the
vicinity was gravelly sandy loam and thus it was not possible to obtain a
conpl etely undi sturbed soil profile in the |ysineter.

Subsoil was renpbved from an adjacent pit, and shoveled into the inner
cylinder and hand conpacted in 15 cmlifts to within approximtely 45 cm of
the top. This was approximately the sane depth as found in the surrounding
soil profile. Because of the granular nature of the soil, disturbance should
not significantly affect its function in the lysineter.

The subsurface soil was kept-nmpist and allowed to settle for a week prior
to placing the topsoil and vegetation

The top 45 cm of topsoil and vegetation was installed undisturbed. The
sanpl e was obtained by first digging a trench around a selected area, renoving
the sanple and then carving it by hand to fit the top of the inner cylinder.
This procedure provided a relatively undisturbed vegetation sanple.

When soil and vegetation installation were conpleted, the lysinmeter area
was irrigated for the renminder of the 1984 growing season to facilitate
reestabli shment and healing of any soil or plant wounds within the lysineter
and the construction area around the |ysineter. This level of attention
shoul d provide very representative growi ng conditions for the 1985 season

DATA ACQUI SI TI ON AND RECORDI NG

The heart of the Ilysinmeter data acquisition system is a Canpbel
Scientific CR7 neasurenent and Control System (Canpbell-Scientific, 1982).
This systemis solar powered, with battery back-up. It has the capability to
sanple nmultiple data channels several tines a second, perform various
calculations using the data and pre-programed information, and to store the
results in any desired formt. The stored data can be unloaded on a tape
cassette on a weekly basis, and further analyzed with digital conputers. Data
sanmpling intervals can be selected ranging from several tines per second to
hourly.

In addition to recording and analyzing the |ysineter weight data, t he
CR-7 was used to record climatic data using the follow ng instrunentation

Sol ar Radiation - LI-COR LI-200S Pyranoneter

Precipitation - Sierra Tipping Bucket Raingage - RG 2501

Wnd Direction - Met-One, 024A Wnd Direction Sensor

W nd Speed - Met-One, 014A Wnd Speed Sensor

Tenperature and Relative Hunidity - Phys-Chem Research, PCRC 11

RH Sensor and Fenwel| El ectronics
UUT51J1 Therm stor (Mdel 207)



Weat her sensors were mounted on a Canpbell Scientific CMIO tripod,
| ocated approximately 10 m sout heast of the lysinmeter. The solar system used
to power and charge the CR-7 batteries was a Canpbell-Scientific nodel SX10
phot ovol t ai ¢ power source.

PERFORMANCE and CONCLUSI ON

The lysinmeter was operated during nmost of the nonth of Septenber, 1984.
Al'l systems were checked for satisfactory operation and nminor problens in
progranmm ng the CR-7 were correct ed.

Wrk on planning, design and installation of the lysinmeters began in
January, 1984 and was conpleted in August, 1984. The conpleted installation
is shown in Figure 7. Behavior and performance of the lysineter observed
during Septenber, 1984 provided reasons for an optimstic viewoint of the
future uses of this unique instrument.
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APPENDI X

DESI GN CF LYSI METER LOAD RI NGS

The lysineter load rings were designed based on the analysis presented by
Cook and Rabi nowicz (1963). Speci fications for the Canpbell Scientific CR7
measur enent and control system were given by Canpbell Scientific (1982).

For a thin ring in conpression, the maxi mum strain due a radial force
occurs at 90° with respect to the |oad. Further, for a tangential |oad
applied at the same point, the 90° position is a strain node; that is, the 90°
position has zero strain for the tangential |oad. Therefore, a thin ring can
be instrunented to nmeasure only radial |oads by nounting el ectrical resistance
strain gages on the ring at 90° with respect to the point of application of
the I oad. These strain gages will be sensitive only to the radial |oad.

Consider the thin ring shown in Figure 1A At 90° with respect to the
load F, the strain is given by the equation:

e 90° =1.09 Fr_
Ebt 2

VWhere r, b and t are dinmensions defined in Figure 1A, and E is the nodul us of
elasticity of the material used to fabricate the ring.

The foll owi ng dinensions were used for the lysinmeter |oad rings;
76.2 mm

50.8 mm
6.35 mm

r
b
t

The rings were fabricated from steel for which E = 200 GPa, and the yield
point is 517 MPa.

The total weight of the soil and soil container of the |ysinmeter was
assuned to be 33.36 kN, or each of the three rings would support, a nom nal
maxi mum | oad of 11.12 kN For this load, the strain is 2.25 x 10'3, which is
equi valent to a stress of 450 MPa.

Note that on the ring, the outside surface is in tension and the inside
surface is in conpression. Therefore, when four gages are nounted on the
ring, two on the outside and two on the inside, the gages can be wired in a
four-arm active configuration as shown in Figure 2A
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The output of a four armactive bridge is related to the input voltage by
t he equati on:

v = GF (e
Vo

where v is the output voltage, Vo is the input voltage, G- is the gage factor
(2.08) and £ is the strain in one gage.

Assum ng elastic behavior and an input voltage of 5 wvolts, the
sensitivity of the ring to changes in | oad can be cal culated from

AF = _v_ Ebt?2

Vo (GF) (1.09r)

Using the detection limt of the CR-7, equal to 5 x 107 volts, the | oad
cell will be sensitive to a change in force of approximately 2.3 New ons.
This is equivalent to approximately 0.3 mm of water on the surface of t he
lysimeter.

Four identical load rings were fabricated. Design details are shown in
Figure 3A. These were calibrated using an Instron Mdel 1125 testing nachine,
and exhibited linear I|oad-voltage relationships wth the coefficient of
regression (r2) essentially equal to 1 in all cases. Calibration data for the
load rings are given in Figures 4A through 6A

11



LYSIMETER INSTALLATION
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Figure 1. Schematic of weighing lysimeter.
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LOAD RING INSTALLATION
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Figure 2. Lysimeter load ring - chamber and load ring installation.
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Figure 3. Outer cylinder and concrete foundationm.
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Figure 4. Inner cylinder load ring attachment.
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Figure 5. Upper and lower load ring attachments.
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Figure 6. Inner cylinder drain.
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Figure 7. Lysimeter installation with weather
instrumentation.
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Figure 1A. Thin ring used for force measurement.
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Figure 3A., Load ring design details.



.
:
:
3
ll
.
1
]
:
’
.
'
3
"
:
’
'
]
s
-
¢
.
*
+
‘
:
"
1
‘
i
il
'
1
"
.
:
»
:
.
"
s
]
1
’
4.' a
.
]
v
]
:
3
3
1
'
'
.
'
a
1
2
.
’
.
'
h
.
’
)
'
’
.
3
3
'

l.yP
I
'
'
v
.
'
'
'
)
.
v
.
'
.
'
.
v
'
.
'
s
'
'
.
v
'
s
'
'
'
.
'
:
'
'
'
'
s
)
:

s, )
--
- R - .
..... LSOO USRSV TOR
—l
.n_ R . . .
mu. . - R
........... R S
5, i
R 2, R
.mm - -
. L. R
................ .r.r.......................-........-...-............-.-....:.II
. : . .
g -
i

K - -
1
L
1
m.
2,
S
L
%
s
T
3
i
i
X -
s
(h
- - i
H
.
l*l
-,
i
H
s
3
|
3
i

1z

b
sid,ppn

4

j+

Z
b, Al1({-

wsuduuun 1

ammmnunmaloaor 1

w3 Ll — L3

22

b

¢ W

1
4

¢
!

FRTr i
ad ol m

319

Y=

Load ring calibration, Ring 1.

Figure 4A.



1 %4

. i S T L L 5._..1"'- :
R e A A
R U AU R DUVIOE AU S ol S N
T e e A S o
I A A o
N R D T T R s S
B A R C
L e o
S P SRR
-
o : : : : ; : : : :
| | | | | | |
| ! | | |
' i g 10 1

b
qﬁ] -y

; i
04RO 5.700)4

Figure 5A,

2 619 stdoern, B804

Load ring calibration, Ring 2.



%e

ek

T TR U R A R U AU
T A .
b TS TS R Sl N |
T z
o W P [
I S z g
o
mmmmmmm o T A T
i i i | | |
| | 1 L
o T B 12
Y= 0ALZY- 57900+ 5449 stdiern: B.809 WMox W

Figure 6A.

Load ring calibration, Ring 3.



