


IIYDRAULIC STUDY OF TIE MALKED TREE SIFLON.

1., The Marked Tree Siphon is a unit of the St. Francis River Project,
awthorizod by Congross in 193%6, for the control of floods along the St. Fran-
cis and Little Rivers. The structure (see Map, Fig. 1) is located about 6
miles northwest of Marked Trec, in Poinsett County, Arkensas, at the foot of
8t. Francis Lake (River Mile 155).

The siphon replaces a concrote culvert constructed by local interests
wler War Department permit in 1923, to pass water from St. Francis lLake into
the St. Francis River Chammel for navigation purposes. The original culvert,
floating on a sand foundation, was damaged by undercutting of the outlet end
in 1936 but temporarily ropeired. Ilowever, in lay 1938, the adjoining levee
orevassed while more or less permancent repairs werc being made on the culvert.
It sottled vertically and was demaged beyond rcpeir.

Construction of the siphon began Decomber 1, 1938, and the unit was
officially placed in operation June 7, 1939. The completed works consist
(s0e Fig. 2 and Plate 1) of an excavated inlet channel, reinforced concrete
‘4ndet basin, the siphon, reinforced concrete outlect basin, an excavated outlet
channecl, a trostle bridge over the siphon pipes, concreote pipe supports on the
compocted levee f£ill, a conecrote cutoff wmll ot the crown of the levee, an
operating house, and the nccossary pumps, piping, motors and vales.
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The siphon proper is composed of threoe electrically welded steel
tubes, cach 9 fect inside diameter and 228 feot in length with expanded inlet
and outlet transition bells. The 9-foot sections are built of 3/8-inch steecl,
the inlet and outlet bells of 1/2-inch stecl, Each tube is supported at in-
torvals by footings equipped with sliding scats so as to carc for expansion or
comtraction due to temperature changes. Each of the siphon tubes is also
equippcd with an 8-inch vacuun breakor valve and is connected by means of a
6=fnch cxhoust line to a 6e-inch water-scaled vocuum pump installed in the
operating house.

Testing epparatus installed on the siphons consists of a Bourdon-
type prossuro-vacuum dial gage installcd on cach of the three 6-inch cxhaust
lines inside the operating house, a glass water column located on the side of
¢agh siphon near the invert for determining the depth of flow in the siphon,
3% piezometer tubes for measuring pressurcs inside the west pipe, and 6 pitot
tube oponings located at two differont sections of the west pipe. These de-
viees will be described more fully in comnection with their use in tests.

2. Purpose: It was hoped that such tests as were made would give quali-
tative data with respeet to (A) Coefficient of discharge; (B) Hydraulic gra-
diext; (C) Patterns and velocities of flow through the siphon. While data
W obtained on all three phases enumeratcd above, only that pertaining to tho
coefficient of discharge is believed to warrant any substantial consideration.
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Tho rosults of the measurements with the pitot tubes and piczometers wore so
variasble that their proper interprotation hbecome questionable, if not impos-
sible, and, for that reason, an analysis of them is not included, although,
for purposes of information, the experimentol methods employed and the data
sceured are included in the body of the roport. Thile the failure to drow
any conclusions under B and C above has somewhat lessencd the value of the cxe
perinont, nevertheless, it is believed to bhe of definite interest to the De-
partment as a whole and certainly gives a new conception of discharge through
large pipes.

%« Scopes This report covers the studies carried on at the siphon dur-
ing the months of July and August, 1939, During this period, the upper lock
gage in St. Francis Lake dropped from 213.l; to 208.26; the lower lock gage
rangod from 208.00 to 204.8; the maximum observed discharge with two pipes
running was 2,098 c.f.s. under a head of 135 fect, while the minimum with
only one pipe in operation was 869 c¢.f.s., under head of 3.46 feet; the head
through the siphon ranged from 2.40 to 7.00 fect.

The exporiment wns conducted during o poriod of comparatively mod-
orote and low stoges in the St. Francis Lake with a small differential between
the intake and tailwater elevation of the siphon and with a correspondingly
high 1ift.



A. DETERMINATION OF THE COEFFICIENT OF DISCHARGE,

1. Introduction.

In designing the Marked Tree Siphon conservative computations indiecated
that the total losses of head which might be oxpected were:
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(1) Centor pipe, II = 1.508 Ve/ég y,éégg%éi/ g

(2) Outside pipes, I = 1.576 ve/2g

vhere II = difference in hoad and toilwater and V = mean velocity in 9! section,
From these equations it con be readily seen that the discharge coefficients
aros

C middle = 1 = ,815
1.50 :

C outside =/ 1 = 797
1.576

The siphon discharge, Q, is measured by the formula, Q = CAV = CA \/2gn,
and the valucs of C derived above may thercfore be considered as the design
coefficients of discharge., The coefficient C is the ratio of the design dis-
charge of the siphon to the flow if the wantcr were falling freely with the
same head (H).

Thile the design coefficient of discharge is somewhat higher than that
for a circular submerged orificc (0.60) it does comparc very favorably with
the coefficient for short pipes with squarc-cdged ontry (0.82) and for con-
crete culverts (approximately 0.70). (See Merrimonts "Treatise on Hydrou-
lics"). However, the data from which these coofficients wore derived werc
takon under conditions far differont from thosc existing at the Marked Troce
Siphon, and numerous assumptions were made as to the probable magnitude and
distribution of the various losses of head.

It is ossential then for the proper evaluation of the siphon, to deter-
mine the actual cocfficicnt of discharge. Such a determination of the cooffi-
cient is particularly importent in view of the meager information available as
to the officiency of siphons, and the results should be of considerable im-
portance in future design work.

In computing the coofficiont of dischargs, two factors must be consiier-
eds (1) The actual discharge of the siphon; and (2) the hoad which produces
that discharge. The problem, then, lies in the measurement of the head aud
the discharge.

2. Equiggent.

Little equipment was needed for the dotormination of the discharge co-
officient, Ordinary staff gages worc used for thec measurcment of the head
(H). The discharge was measured by small Price current meters on an estab-
lished rangs.



b Procedure,

In measuring the head through the siphon, the staff gages mentioned
above woere read to the nearest 1/100th foot, and these readings were freo-
quently checked with level and rod.

Figure 2A shows tho various locations of the gages. For the purpose of
this study in determining the head, only Gages 5 and 7 were used; that is,
the inlet basin gage and the outlet basin riprap gage. Readings wore taken
on all gages, but it was felt that the two actually used were the most logical
and the ones representing most nearly the difference in clevation of the water
surface. To obtain the total or offective head producing flow we added to the
obove mentioned difference in elevation the wvelocity of approach across the
lip of the inlet basin. While the values of the velocity heads were based on
& theoretical computation of discharge, it was found later that the actunl
value was so small as to make its inclusion in the results insignificant.

Discharge measurements were taken at a range located approximately 200
feet downstream from the lip of the outlet basin. The channel here was
straight and the turbulcnce noted at the outlet basin had, for the most part,
disappeared.

Soundings to determine the channel cross section were token with an or-
dinary level rod, and later with a standard wanding rod, every five feet and ab
any abrupt break. Meter stations were established every 10 feet,

A small Price current meter, calibrated by the Bureau of Standards in
Washington and chockod poeriodieally with two other similar meters, was used to
dotermine the veloecity in the vertical section. Readings were taken at 0.2,
0.6 and 0.8, the depth and the rovolutions at each point were counted for 120
seconds.

In calculating the discharge, the mean of the velocity at 0.2 and 0.8 was
used and the discharge figured for each partial area. For this same area the
velocity at 0.6 the depth was used in arriving at a second discharge figure
and the mean of the two values was considered to be the discharge for the par-
tial area under consideration. As & further refinement, several sets of wver-
tical velocity measurements were taken at every tenth of the depth, and from
theso a correction coefficient for tho 0.2, 0.6 and 0,8 depth measurements ob-
tainod and applied in solving for the final discharge.

As the oxperiment progressed and the results were calculated, it was
noted that the discharges wereo very high when compared with the original de-
sign assumption. Although we felt that these data wero reasonably correct, we
did realize it gave results of a naturc not comonly oncountered or expected
in goneral hydraulics, and so to establish becyond reasonable doubt the validi-
ty of’ these results, it was decided to adopt even more refinements. Accord-
ingly, a range 1,000 feet below the first was set up and the discharge at both
ranges measured at as near the same timc as possible, This sccond range, it
was believed, would climinate o possible source of orror because of faulty
sounding with the meter due to the slightly turbulont flow existing at the
first range. Chccks on the measurements were also made by using different
Price meters., Howover, the variation in results, regardless of method used,
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was so slight as to be insignificant in interpreting results. The upper range
wes adopted and the channel bottom along it was filled with a layer of gravel
10 feet wide and approximately li inches thick. This was done with the hope
that it would eliminate to a large extont the irregularities in the bottom,
and so further incroasc the accuracy of our soundings.,

L. Results,

Experimental data at its best are subject to error, While the writer
mnakes no claim that this work is an exception to the rule, it is felt that the
Survey Section of the Memphis District did an exceptionally fine job in their
discharge measurements., The extra precautions, not common to the ordinary
discharge survey, and employed on this ecxperiment, indicate to some extent the
precision that went into the work. Thile realizing that these data are bound
to reflect the unavoidable cxperimental errors, nevertheless, it is felt that
the discharges ere correct to within tho limits of current meter measurements
believed to be about 2%,

Table I shows the complete tabulation of rosults insofar as discharge is
concerned. The table appears to be self-explanatory with the exception per-
haps of Column 1lli. The "Q" shown there is the theoretical discharge based on
Q = A V2gH where H = difference in water elevation plus velocity head of
approach (Column 12) and A equals the area of the 9-foot section.

Conclusions.

In the final analysis, flow takes place in the siphon because of an un-
balanced force, namely the difference in total head between the inlct and oul-
lot basin. Tho fact that we have ereated a vacuum or near vacuum does not
entor into the picture insofar as the computations concerning discharges arc
concorned and if there were no losses in the pipo at all then tho theorctical
discharge would boe equal to A \/ZgH.

Thoe ratio of the moasurod/ggsggfgggheoretical givos the ooefficient of
dischargo for the siphon. Column 19, Table I, shows the results of this last
mentioned computation. Immediately the roader will notico the excellent co-
efficients ranging from a low of 90.8 to a high of 100,

In any experimont of this nature it is impossible to arrive ot results
thet give tho same coofficlients for cach measvrement. To moro or less arrive
at an avorage figure for thoe wvalue, the discharge was plotted against the
head. The graph indicated a parabolic function and in order to facilitate cb-
taining tho equation of this curve, the logarithm of the two functions was
plotted and a represcntative straight lino drown through the points. (Sce
Fig.3). The equation of tho line wns thon computed to be Q = 1j95.38 h 1/?.
Equating this to Q = AV and solving for H, the equation becomes H = 1,062 y?

2g
and the coefficient of dischorge is equal to 1 or 0.97. During this
: \/1.
poriod the heads ran from 3.l; to 7.0 and the lift varied frorm a low of 22.6 to
a high of 26.7.



This coefficient pertains only to the middle pipe and must be considered
as an approximate value. Actually it is very probable that the coefficient
decreases to sare extent with higher heads, and the plotted points in Fig.3
indicate a slight curve might be morc nearly correct than a straight line
function., However, insufficiont data at the higher heads make it impractica-
ble to attempt any comprehonsive decductions as to just whet might happen. For
the purposes of the study it is sufficiont to say that our work indicates a
coefficient of discharge for the conter pipo of 0.97 within the range of head
and 1if%t found during the experiments,

Unfortunately, only six measurements were taken when the outside pipes
were working alone, and with these data it is vidtually impossible to write
any reeasonably sound equation for flow. However, an averago of tho six meas-
urements gives a coefficient of discharge equal to 0.979. These were all
toaken with relatively low heads and do not reopresent as valuable a figure as
does the coefficient for the middle pipe. It is probably safe to say that the
few rosults we do havo indicate that the coofficients will be vory similar in
value.

Threc major factors arc probably responsible for this high coefficient of
discharge. TFirst, the inlet basin wms designed to bring the water to the
siphon lip and through the transition secction with a gradual, accelerated flow,
without any abrupt changes in velocity. Secondly, the entire longth of intake
was streamlined end conducive to strecamlined flow, Thirdly, the outlet basin
was designed to have sufficiont capacity to lot the siphon discharge freely
with no tendency for the lower pool to build up.

These romarks portain to the siphon in general. For o very comprehensive
study, confined to the effect of a properly designed orifice, the reader is
roferred to an article published by Professor Stewart in "The Engineering
Record", September 28, 1907. Tho article covers the subjoct in a very excol-
lent mamner and shows how the coefficiont for an orifice can be increased from
the customary 0.6 to 0.9 by proper design.

B. DETERMINATION OF HYDRAULIC GRADIENT.

1. To date there awmvery little data concerning losses of head in large
pipes and practically no information reparding losses of head in large siphons.
Consequently, the design of the Marked Trec Siphon was of a pioneer naturec
based on sound hydraulic principles, rather than precedent. In the hope of
obtaining definite informotion rogarding the distribution of losses within the
siphon, piezometers were installed in the siphon, and a considerable numbor of
readings token under various operating conditions. However, the hydraulic
gradients os drawn from these data were so variable as to preclude, at this
time, a sound anolysis. It is bolicved further study along thesc lines might
be of value, For record, there is included below a resume' of the testing
methods employcd and the results obtoained.

2. Testing equipment: After consultation with the U. S. Waterways Ex-
periment Station at Vickshurg, eleven points were seclected for the location of
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the piezometer openings.

As originally plenned, the piezometer tubes consisted of l-inch iron
pipes, electriecally welded into thc side of the siphon, and ground flush with
the inside surface of the siphon tube. The l-inch tuboes extended from the
pressurce openings at the siphon to a mercury U-tube located inside the operat-
ing house. The U~bubo, or manometer, and the piezomecter tubes were joined
through o vertical header tube into which the manometer and the 11 piezometer
tubes wore connected. The individual piczometor tubes, as well as the manom-
eter tube, were equipped with small gate valves for regulating the various
tubes. 4n additional opening provided for oxhausting the air from the system
by use of the siphon eoxhaust pump. It wos thus planned that the exhausting
and tho reading of the wvarious piezometcr tubes could be accomplished from
inside the oporating house.

The systom as above oxplained was, with the assistance of Mr. Guy
Arbuthnot of the U. S. Tatervays Experiment Station, installed and first read
on July 13, 1939.

Thile the original system facilitated the collection of data it scon
became apparent that it lacked sufficient accuracy, and consequently, an cn-
tirely now setup was instelled. Acting on the advice of Messrs.A.B.Woods and
Wade Barnett, members of the Board of Consultants on the siphon design, it was
decided to use a portable manometer at the site of the piczometer openings
rother than in the operating house. Such a step made possible the elimination
of tho long tubes and further decreased possibilities of outside influence
affecting the experimental data. As o further refinement, l-inch brass plugs
with 1/8-inch openings were drivon in flush with the onds of certain piezor=-
eter tubo openings inside the siphon. These smaller openings helped to ma-
terially roduce the surging previcusly observed in the mercury column and gave
far more accurate recading. Unfortunately, all openings wore not ocquipped in
this manner. No doubt, with the larger oponings our data reflect to some
degrec the effect of the water impinging against the open end of the piezom-
eter inside the siphon. While the smaller openings did not eliminate this,
thoy did seem to reduce the magnitude of its effect.

Aftor taking several sets of readings it was believed that 11 pres-
sure openings were insufficient to yield a satisfactory detormination of the
hydraulic gradient ond, accordingly, 22 additional plezometer openings, /1"
in diemeter wore located at various points along the axis, top and bottom of
the pipc making in all 33 openings. The piezometer system as finally com=-
ploted is doscribed in Table No. 2 and shovm in Fig. L.

3. Procedures Although the procedure of toking the piczometer readings
was relatively simple, it was important to usc extreme care in reading the
heights of the mercury colums. In some instanccs the columns surged two or
threc inches, and it thon bocame necessary to cstimate to the best of the ob-
serverts ability the mean of the column heights.

Using the Vicksburg system (all piezometer tubes inside the operating
house), onc of the piczometer tubes and the manometer were cut into the verti-
cal header pipe. The remaining piozometor tubes were cut off from tho header
pipe, and the exhaust pump started. Air wes oxhausted from the system until
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woter was drawn from the siphon into the header pipe and, finally, over into
the monomctor. ‘When all tho air was thus exhausted and the system filled with
water, the exhaust line was closed, and the differonces between the mercury
lovels and the zoro of the manometer werc read. This procedure wos ropeated
for each of the 11 piezometer tubes.

In practically evory caso therc was considerablo fluctuation in the
nercury columns, ond accurate readings wore extremely difficult. In addition,
therc could be no absolute certainty that 2ll the air had been oxhausted from
the long piezometor tubes. Somewhat bottor results were obtained by pumping
air back into the piezometor system and reading the pressurcs while the
piezometer tubes wore filled with air only. It is believed that such an air-
filled tube gives more nccurate rosults due to the elimination of any irregu-
larities caused by oir bubbles trapped in o water-filled tube.

However, the most satisfactory results were obtained with the port-
able manometer. Then using it, one limb of the manometer tube and the short
length of rubber tubing connecting it to the piegometer opening were filled
with water, and all air exhausted from the apparatus. The petcock on the
piezometer tube was then opened, and air under atmospheric pressure allowed to
bleed through the petcock, thereby clearing any sand or silt from the piezom-
oter. Aftor a few scconds of this air blecding, the rubber tubing from the
manometer was slipped over the end of tho petccck, and the manomoter was left
stationary until the mcvements of the mercury columns were at a minimum. The
heights of the mercury columns were then rccorded, and the elovation of the
menometer zerc was moeasured to the nearest 1/100 of a foot.

i+ Resultst The results of thc above observations are set forth in
Tebles IV, V and VI and shown graphically in part in Figures 5, 6, 7 and 8.
Table No., IV gives the hydraulio gradient as derived from observations teken
with the system installod inside the operating houso, It is not felt that
these measuremonts give sufficioently accurate or uniform results to warrant a
continuation of this mothod.

Table No. V is a tabulation of the rosults obtainod by using tho sys-
tem insicde tho operating house whon tho plozometer tubes are filled only with
air rathor then with wator as in Table No. IV .ebove. An examination of these
date indicates a more continuous and reasonable form of hydraulic gradient,
but thc lack of sufficiont readings rendors tho information too weak to wars~
rant its unquelified acceptonce.

Table No. VI sets forth the date obtained by using the portable
menometer at the side of the siphon. The first few runs were teken with only
the original 11 piezometer openings being uscd. The later tests were made with
the piezometer system in its entirety. In every case whore Piczometor No. 11
wo.s read the recading was mode from inside the operating house, since this
piezometor was under water and inaccessible for use with the portable manom-

cter, Figures 5-8, inclusive, are graphical reprecsentetions of a portion of
these results.

Unfortunately, discharge measurcments and piezometer readings were
not generally takcn the same day. Consequently, to arrive at the energy gra-
dient, it wns necoessary to compute the discharge based on the observed head
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and using the discharge coefficient as computed in "A" of this report. Theo=-
retically, we would expect that the discharge divided by the area would give
the mean velocity in the section, and when converted to velocity head and added
to the absolute pressure at the secbion would give us a point on the energy
gradient curve. However, when plotted, such results formed a false energy
curve; i.e., one in which there appeared a papin of energy between certain sec-
tions. The cause for this phenomena as advanced by previous experimenters is
(1) barrel is partly occupied by oddics, (2) by accclerating weter, (3) by on-
traincd air greatly expanded under the vacuum, and (li) the inaccuracies of ob-
taining mean proessures with the piezometer.

If we assume the onergy gradicnt elevation at the inlet oquals the
wator clevation plus onc atmosphere plus the approach velocity head and at the
outlet basin to be the water elevation plus one atmosphcre plus the exit veloc-
ity hoad, then the two points may be connccted with a straight line and this
line called the onergy gradient. 'Yhile it is true that the actual gradient
line ghould not be straight, it is belicved that plotted as such it will not be
seriously inaccurate and, furthermore, obviatos the nocessity of making even
greater assumptions concerning the losscs that exist. Figures 9 to 11 illus-
trate the results of these plottings, The differences between this energy line
and the absolutec pressure line or hydraulic gradient represent the approximate
veloelty head from which we are able to obtain the veloeity of the flowing
voater, Dividing the known or computed flow by these velocities should give us
the useful areas. These results arc tabulated in Table 7. It will be noted
that in many cases this type of interpretation gave rcesults inconsistent with
facts as we knew them to be, or, in other words, the results indiecated cross-
sectional areas of groater size than actually furnished by the pipe. It is Dbe-
lieved that such results may be blamed on the large openings of the piezometer
pipes which as has been heretofore stated reflects to a certain extent the
effect of water impinging against the opening, to faulty installation, and to
a large oxtent improper interpretation of the energy gradient. Sections 7, 8,
and 9 gave eonsistently poor results and should not be given much consideration
in the final analysis. Likowise, the openings at Scctions 1 and 11 gave false
results. Howover, since thosc openings were at points where turbulence is con-
sidered to be a maximum, it is not strange that peculiar rcadings were obtained.
In all probability the piosometer readings there represented surges in flow and
were unduly high. On tho wholo, the results showed that the siphon tube flowed
nearly full and irregularities must be blamed on imherent difficulties attend-
ing the experimont.

5. Remarkss In tho ovont further experimental data are deemed worthwhile,
it is recommended that piozometer openings be placed at the top, bottom, and
both sidos of the siphon tube in any one cross-section. It is believed that
with o four-tube system such as this, better results will be obtained and the
chances of error due to a single faulty opening be minimized if not eliminated.
Tho attention of the reador is invited to Table VI showing results under dates
August 9, 11 and 12. On these three dates readings were made in openings loca-
ted at both the top and the bottom of the pire at Sections 8 and 9. 1In nearly
all cases, the average of the upper and lower openings was higher than the

reading for the middle section. The differences ranged from a few tenths to
almost a foot.



C. FLOW PATTERN THROUGH SIFHON.

1. As o final part of the experiment an attempt wos made to gather some
data relative to the flow through the siphon., Strictly speacking, a proper de-
termination of the flow pattern required information both as to the direction
and vclocities. Neodless to say, any atbempt to secure data as to the direc=-
tion of flow was impossible as the oxperimont was confined to the determination
of velocitios with special attention being given to thoir distribution in
section,

2. Equipment: The pitot tube was the proper device for such determina-
tion., However, most of thom available werce considered too fragile to withstand
the high velocities, and still another objoction vas the lack of a suitable
mothod for their instellation and manipulotion without having to shut down the
siphon. Tt was decided, thercfore, to design and build a tube at the Muamphis
Office which would more nearly rmoet the roquiremonts. It consists of a pitot
tube machined from o 6" by 1-}/2" brass rod which is screwed into the end of a
six-f'oot, double strength 1-1/2" iron pipe. The pipe slides through a packing
box in the side of the siphon and in this way it was possible to traverse the
cross-gsection of the siphon. In order that it might be possible to insert or
withdraw the tube without first shutting down the siphon, the overall width of
the pitot tube was limited to the outside diamecter of the supporting pipe (and
tho packing box opening). Proliminary studies were made with various style
tips but the most satisfactory results were obtained through fitting the up-
strecam opening with a streamlined tip, and placing the pressure opening at the
point of maximum width in the side of the brass tube.

The upstream, or wvelocity, opening of the pitot tube was commected by
means of brass tubing and rubber hose to one leg of a differential U-gage,
while the side, or pressure, opening was similarly cemnected to the other leg
of the differential gage. This gage wes filled with mercury, and each leg wms
equipped with a fwmnel and petcock for the admittance of priming water.

The use of the pitot tube necessitated the making of openings through
the walls of the siphon tube. As has alrcady becen statced, the pitot tube was
mounted on a 1-1/2" pipe sliding through a packing box. This packing box was
machined from a brass casting having a minimun outside diameter of 3", and was
thrcaded and screwed into a 3/LP stoel collar welded onto the side of the siphon.
Reguler dry packing was used in the packing box and acted as an offective seal
against the ontrance of outside air. The box, 8" in overall length, served as
one rigid support for the 1-1/2" pipo, while o steol collar and bracket welded
to tho siphon acted as o second support. “thenever the pitot tube was not in
use the openings were plugged by 3" pipe plugs scrowed into the steel collars.

It wos desired that velocities be measured at two cross-soctions of the
west tube as indicated on Fig.ly. At cach of these sections there were located
three @penings, one on top, one in the side, and onc in the bottom of the tube.
The pigit tube would be traversed halfwoy across the pipe from cach of the
openings and an average of the readings computed.

3. Procecdure: 'hen taking pitot tube rcadings, the plug wos removed from

tho opening in the side of the siphon, and the packing box was substituted
thercfor. This operation could be accomplished, if quickly executed vrith the
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siphon in operation and without breaking the siphon prime. The 3" plug was
next temporarily placed over the opening in the packing box., The pitot tube
itsolf was then primed by admitting watcr through the funnels and stop-cocks

in the differential gage until all air bubbles wero romoved and water was run-
ning freely from thc 1/8" openings in the pitot tube. The stop-cocks were now
closed, and the pitot tube and supporting pipe were passed through the bracket
support on the side of the siphon. Having removed the plug from over the pack-
ing box ggﬁ%}g&;-thc pitot tube was pushed through the packing box and into the
siphon. Additional priming watcer was then admitted, if needed, to the pitot
tube, and the process of reading the velocities was begun.

A mark on the 1-1/2" supporting pipe indicated the direction of the
pitot tube opening, and enabled the obscrver to kecp the opening pointed up-
stroom. This dircetion was more oxactly obtaincd by turning the supporting
Pipe until the indicated velocitics were a maximum. Markings on the support
pipe located at points for taking readings every 0.5' across the pipe. The
mercury column fluctuated at all times and especially when neor the walls of
the siphon. It was necessary, thercfore, to take their mean as the proper
reading. Near the center of the pipe, the oscillation of the mercury was less
pronounced and readings could be morc accurately made. 4 considerable reduc-
tion in the fluctuations of the mercury columns was noticed when using the more
streamlined tube fram the Waterwnys Experiment Station, but this tube could not
be inserted into the siphon without first completely shutting down the flow. A
great deal of vibration was noticed in the supporting pipe but the packing box
and bracket collar supported the pipe without difficulty even with an extension
pipe covering the entire 9' diameter of the siphon tube.

L. Results and computations: Theorctically, the upstream opening of tho
pitot tube should be subjected to a pressure cquivalent to the velocity head
(V2) plus the pressure head at the observed point, whilec tho pressure opening

g
in the side of the pitot tube should indicate cnly the pressure head. Since
these two openings are comnected through a differential gage, then, the reading
of the gage should nmeasure the velocity head, the theoretical differenee in the
pressures at the two openings. Because both legs of the gage were filled with
& liquid, either mercury or water, the difference in head between the mercury
in the two legs must not be considered as the weight of the morcury column, bub
as of the moreury column less the weight of the corresponding water column in
the opposite leg. In converting the mercury hcad to feet of water, then, it is
correct to figure the effective weight of mercury not as 13.596 T but as
(12.596-1) or 12.596 W. An additional corrcction is necessary to convert the
observed readings from millimeters of mercury to feet of water. The corrcection
is, therofore, as follows: H in ft. of H20 = 12.596 x h in mm of Hg - .0L13 H.

10 x 2.5 x 12

The value of H thus dorived was used in the equation. V = j/QgH for determin-
ing the theoretical wvelocity of flow et the observation point in question. 1In
practice, however, the actual velocity is genorally somewhat lower than the
velocity thus derived, and equals C \/§Eﬁ, where C is a coefficient depending
upon the design of the pitot tube.

The tube borrowed from the Watocrways Station had been calibrated for
high velocities, and "C" was determined as 0.96. A comparison of measurements
taken under the same conditions indicated that "C" for the Memphis $itot tubes
is approximately 0,91 when the upstream tip was not streamlined and 0.93 when
it was.

- 11 =



Teble VIII is a compilation of the results from pitot tube observa-
tions on the west pipe and Fig. 12 shows the plotting of the velocity curves.

The arrows and figures show the position and velocity of the mean thread in
cach section,

5. Discussion: Hydraulies tell us that becausc of surface roughness the
velocities within a pipe are not of a wniform charactor but tend to distribute
themselves in o somewhat parabolic curve with the maximum at the center and the
minimum at the surface of the pipe. That such a condition should exist in the
siphon wos o reascnable supposition and Fig. 12 indicates that thore is a ten-
dency for this parabolic distribution. On the whole, however, the plotted re-
sults are very erratic and fail to show any pronounced continuity of pattern.

The accurate measurement of these velocities was a task made extremely
difficult by the pulsations of the water and the unusually high velocities en~
countered. It will be observed that for measurements taken at very nearly the
same time and in the same section the rosults indicate a variance of as much as
six feot in the center velocity. When we realize that the discharge is nearly
constant, it becomes apparent that those pitot tube moasurcments represent rc-
sults greatly disturbed by pulsating flow end impracticable to analyze. It is
suggested that no further attempt be made to gather data with the pitot tube.

D. SUMMARY AND RECOMVENDATIONS.

The experiment wes only partially successful. Insofar as the discharge
measurements are concerned, considerable waluable information was oWtalned.
The results are believed to be correct within the limits of current meter ac-
curacy, and ostablish the fact that a rathor high discharge coefficient can be
obtained by proper dosign of the structure. That a discharge coofficient of
0.97 is possible in a structure of this typo should be of wvaluable information

to the enginecering world and may be responsible for economic savings in future
hydraulic work.

From a technical point of view, it would be highly desirable to obtain
further date relative to the hydraulic gradiont, and it is recommended that
additional study be given to the possibility of obtaining worthwhile data.

The results of the pitot tube measuraments were so poor, and because of
the difficulties attending such measurements, it is recommended that no further
attempt be rade to secure date in this manner.

U. 8. Engincor Office,
Momphis, Tennecsseao,
Novembor, 19%9.
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TABLE 11

DESCRIPTION OF PIEZOMETER TUBES AS FINALLY INSTALLED

Axial Distance

Piez. No. Elev. From Crown RENARXS
) £212.06 L 66,7 1/4" drilled hole near lower end and on top of inlet bell.
1 212.74 L 6l.4 1" pipe in side of bell near lower end.
1A 2185.42 L 67.2 174" drill hole in side of inlet bell.
2 £17.08 L 83.8 1" pipe at end of bell and deginning of bend.
2 A 221.46 L 47.18 1/4" drill hole in middle of bend.
3 228.34 L 42.0 1" pipe at termination of bend.
3 A 224.00 L av.7 1/4" drill hole 1/2 siphon diameter beyond bend.
3B ‘225,20 L 20.8 1/4" drill hole approx. 1-1/2 diameters from bend.
3c 220.35 L 7.0 1/47 drill hole 1/2 diameter before bend at crown.
4 230,28 L 2.8 1" pipe, plugged with brass plug having 1/8" opening.
[ 280.62 0.0 1" pipe, plugged as ¥4, at crown of siphon.
8 230.54 R 2.3 1" pipe, plugged as ¥4, at end of bend .
e A 230.28 R 7.1 1" pipe, approx. 1/2 diameter below bend .
6B 229.92 R 18.0 1" pipe, approx. 1-1/2 diameters below bend.
7 2286.38 R 39.8 1" pipe in straight portion of outlet leg.
7 A 227.87 R B63.2 1" pipe, same as $7.
8 226.38 R 7B.8 i pipe.
8 A 226.36 R ¢i.8 1" pipe.
8B 224.47 R 107.3 1" pipe, approx. 2/3 tube diameter above bend.
] 224.12 R 113.2 1" pipe, plugged as ¥4, at beginning of bend.
9 A 223.8686 R 117.2 1" pipe, in bend.
B 220.82 R 124.3 1" pipe, in bend.
10 217.70 R 120.0 1" pipe, at termination of bend, beginning of outlet bell.
10 A 214.82 R 183.4 1" pipe, in outlet bell.
10 B 200.97 R 140.1 17 pide, in outlet bell.
10 ¢ 209.63 R 144.4 1/4” drill hole, in top side of outlet bell.
11 204.70 R 147.8 1" pipe in outlet bell - always under water so that readings
were taken from manometer in operating house.

NOTE: All distances were taken along axis of tube -
openings not on axis were located at their axial
distance from adjacent openings.

2 A Top| 226.71 L 47.15 1/4" drill hole. . .

3 € Top| 288.91 L 7.0 1/4" drill hole. Thc_sc openings were spotted in the
8 Top| 230.78 R 75.8 1" pipe. same pipe cross-section as those tubes
8 Bot| £21.79 R 78.8 1" pipe. located in the side of the siphon and

o A Top| 2e7.96 R117.2 1" pipe. bearing corresponding numbers. It was
9 A Top| 210.28 R117.2 1" pipe. intended to employ them as checks on the

piesometer tubes in the side of the siphon
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TABLE 111

ESSENTIAL DINENSIONS

Section”®

Area in Square Feet

VOO IVOIRORNRPWDLOODONKEO

109.8
8s.3
78.8

gzggses
- X - N . - N

22
oo

* Section number refers to number of piesometer opeming shown in Figure 3.




T ¢ 329y

S T

-

Al 199)
96g°ET = Im
1=
24 1
(R+4) @
+ 28 3mg-Cdezd .
AR+ y) MePd=5d ty
.&Im&
2 2 2ez-"q=%
n 00°0€2
DRIl 082° 18 080°28 9192 ot-ez | oge- oe'gz  |oo-oex osvoz | 11
s 001°683 00¥° 13 083°e1 g8°93 oge° 06°31 00°083 0L*LT3 o1
o°F 09¥ 0¥z oee 91 084°9 vz 006 88°g 00083 3T Y32 6
969°0y2 9131 g1g°y 08°¥3 968" 29°e 00°083 8e°933 ]
09y 03 040°3T 039°23 -1 2 £ 006° 20°T { o0 -0ez 986 °923 4
2y w982 . D4 6684 °0%2 661°0T eve* 198 £ -1 M vg'0 ~ |o00°083 ¥9-0e2 9
- Juiuuns sag1d apisino omy 09¥ *T¥2 [o} - R{+24 0y3° oy*82 o098 29°0 ~ 00°0€e3 39 "0 -]
944 °6€3 -1 A ave° g1°93 936° 83°0 - | 00°0€Z 93°0e3 14
zg Loz uisog 337300 90€°0¥3 996°91 9984 09°¥3 g06° 99°9 00083 ve'eaz €
06012 ussog 3aruJ Qeg eez 999°713 99631 oy°93 ges* 20°31 00°0e2 86°4L13 z
81112 adp9 yooy yso4] 039°3y2 08462 080°81 og a3 028" 9341 00°08% %4313 1
S —
661 ‘et I0f
9y 1y3 9498 93°93 oy'es p8°0 oe 93 00°0€3 04L°%03 14
6e6e3 69°13 3°e1 99°9% ¥6°0 [1:34-2¢ 00°083 04°413 ot
36°6€3 08°91 09°9 00°93 26°0 80°g 00°0e3 3T w23 [
91°0v3 8481 eo°y 9L Y3 16°0 29°¢ 00°083 8e 93z [}
v o3 40°3T 39°3 gy ¥3 06°0 91 00°08e3 8e°9233 4
9T 03 39°6 4€°0 T8 £ 18°0 ¥9°0~ 00°0e3 ¥g°083 9
0%F yiim pamrid 91093 v9°6 62°0 94L°¥8 160 29°0~ 00083 29°082 ]
‘asnoy Juijvisdo apisug e9°6ex [0} Ad-] g9°0 93683 88°0 83°0— 00°083 82°'083 1 4
P271103SUs 42)39MONDN PIS)) 86 °0%3 69 4T 1 2 M g6°83 ee°o 90°9 00°0e2 ve ' ea3 [>]
98°408 - uisog 337300 94°1y3 Lie8 48°31 o1°es 96°0 30°31 00°0B2 26°412 3
68°118 ~ uisog 3auf L8°eY3 81°3e £0°81 06°03 44°0 93°41 00°0e3 ¥4 313 T
—_—
égeT ‘et X700
SYYVNSY 4 TOD+T TOD| €48 100 ~ 9 100 | ¥ 190 + © 190 ‘g 34 | T 1002 190
Ju21posy o + (37 Im) 3 ‘g + g | 2g dmg | pody -uoy ‘g |von 18 ‘sg 19 |‘oN-%d
~(*y+ 3g)m = °%d
6 8 L 9 S 14 € Z T 0

Al 8vl




2 § 399yg
Al 21q9]

968°1Y23 g08°0e grT 92 96°23 9ve- oe gz 00°082 04 *902 11
990°0v2 99€e°33 I3t 98 v g16° oe 21T 00°0€3 04418 01
9847092 999°91 994°9 0T°%2 988 ° ee’s 00°0€23 21932 [}
eIT°0v3 eeL et eeg 'y 08°v2 e18° 29°e 00°0€3 8e 932 8
27 .8°€3 « unnova wg-ore ¥92°31 v1g°2 138 £ vee 291 00-0e2 8€°832 4
11nf Busuuns sadsd apysyno omp g€8°0¥3 962°01 gve* Lo R £ 988° ?8°0~ 00082 vg°0ee 9
*Jol8-dmag 42704 069 °0%2 040°0T 042"’ (o120 £ [o.: 2 29°0~ 00°082 29 °0€e3 9
JolLB~¢MI] 4ty GT°0E - 4agamosng Q9280823 e°s gr9 0192 g6 830~ 00°0€23 83°0e3 v
94°402 ussog 321300 3L8°0683 3€8°91 289°4 g90°92 326" 99°9 00°0682 ve e32 €
99°012 ursog joquy 098°882 088°03 086°21 01°92 098° 2021 00°0e2 86°4L12 2
9T 118 2309 yooy yso4] a9€e " Tve 839 °83 931°81 og-°ez 998° 9B LT 00°0e2 Y4312 T
86T ‘13 XIAL
89 *1¥3 996 *9¢e 99193 0z°e2 998° 0e-gz 00°0€2 04L°%03 11T
gz eez [ -3 ¢ gvaer 0493 gre- 0e-21 0002 04413 [}s
80€ *0%2 98191 9849 0992 906° 889 00082 2T°Y22 8
969 °0v2 eTZ YT gTg Y oe*ve ge8* 29°e 00082 8e98z 8
969 °0%3 a1z 3T 819°2 (-4 4 968
019 °T¥3 082°et 08%°2 v ez o98°* 29°1 00°0e3 8e°823 4
Q62 °0v2 $90°0T gge° 0e°¥2 g6 vg°0- 00°0€2 vg°0e3 ]
A7.8°82 =090y
-~ Butuuns sadid apisino omg 9L0°1%3 @y ot 963"’ og°ez 72N 29 °0- 00°0e2 9 °0eZ g
d088-3M0) JTY.90°0€ ~ 423swosvg 9eg-6e2 g9z 6 999 oy 9z ge6* 82°0— 00°0€2 82°0€3 v
069 °0¥3 09e°41 08§°4 02°%3 69°
18403 ussog 321180 968°1¥2 998°81 908 4 Q633 ave* 99°9 00°0€2 ve €33 €
089 *0%2 014828 016°3T 0z ¥2 6e* N
96°012 ussog 3a7uy 090°6€3 v4L0°12 Y46°3T 06°83 vg6° 20°21 00°0€3 86413 2
12°112 advn yooy ysviy 02g°2v3 084°02 080°8T [s - 0-+-1 28° 92LT 00°0€2 YL 212 T
ee6T ‘0z X1Inr
4 T90+T T0D| ¥€+48 10D ~ 9 10| ¥ 100+€ 19D T 100~2 1°2
SYNYNIY tuarposn od + (3F Im)3 MR ag Amgy 3F a4 e uoj-19 | 24 19 |"oN-2d
~(%4+ ‘) = 34 ‘poay ‘uvy
6 8 L 9 S 4 € 4 7 0

QIONTINOD - Al

avl




(410 302189y)
M Img -2« Y = 2 »mj

Lt
Ll
L Pa11td 4ty

\ ye Le3 ¥9°2e 9e°T 090" 04 Y02 1T
96 °LE3 98°023 7w'etr Q09° 0L°4T2 ot
Iy 6e2 oe°gt 04 8T 289" A 4d Z:1-] 6
81 0¥z 0o8°e1 0203 e 8e 933 8
88-0%2 os‘zt og°1e 064° 8€°'833 &
‘duspvas 03 4014d 41D fo 11nf padund diam saqn) 4239w0Ratd 6y 292 g6°11 g0*22 ot8°* r8°082 [}
casnoy Juirlpiado uy 4IjIMOUDM YFIm IpOM 31S2F Siy] 99 192 F0°TT 86°33 [N 29°063 g
. 84°0v3 0S8°01 08°e2 908" 83°082 1 ]
3 9/1 e3='9py - Sutuuny sadird Iprsang omyp Y1t 0841 0391 e6g° r°©e 33 e
2874083 - ussog 321300 80°0¥2 01°33 06°11 egy* 80°4L13 3
067012 - upsog 3aqu] 60 ‘2¥3 86°62 g90°y oy1 v, 312 T

8TI°ITZ - 2dvy yovYy Ysoi] egeT ‘er 11AC

¥ 10041 10D e "T1o0-ve
SYYVNTY juasposg |37 Imz-O4a2d|-3g Imzy 4 cad ‘19 "% oy ad
*poay "uof
9 S 14 € Z T 0
A I18vL
. f .
® . -

PR OV SOOI VU




T # 329yg
IA 27¢9pg

*asnoy Juslviado IpiSul 421IMOUDM WOAL PDIL TTIp 24

(mgm. 3 3m) gLe TYe 949 *ue L9 °E + -1 -1 8°61 |931°'92- 04°%02 |928-0eZ |g@e* - |g@28°0 00°0€2 149
-0 . g v2°092 rQ°22 oY TI- 6e-8 oL L0°¢e ou*4t2 | e9cviz | sve -~ g96°¢ 0e° ¥13 )4
o1 1%2 86°91 20 4T~ o1 eT gg° 1T | 26°8 21°%22 | 02032 | ge'g - 039 89°613 6
L2 TP 68°?1 TT 6T~ oe*gt og°er | 18°¢ ee 922 | 49°232 | 0g'9 — 03°4 4L6°133 8
..--lw_ 39°193 pIet 98°03- aveLt or*9T | TV'e ge 83z | 46°%32 | 91°¢ - g2°s 82923 4
i
2d 3= TIPS 08°01 0z2°e3- 39°02 0z*8T | 89°'3 vg-0e2 |+96°432 | o¥°8 - 08°6 QT 428 9
Jusuunis sadid aaayg
JoBL — *qual saj0g 96 1P 6°0T 90 €2~ ov°02 00°8T [+99°3 29°0e2 |-86°432 | oe°8 - 04L°6 9T 422 g
dol8 - ‘duwal sty LY 192 61°11 18°32— ¥8°61 0g°uT | w83 8z 083 | T€*432 | OT1°8 -~ or°6 €9°932 L
«80°08 ~ 4239uwo040g y9°1%2 02°'81 08°g1~ 20°2T 09°0T 8L°e ve ez 99°612 g8y - gL'g 80°612 €
90°802~u1s0g 327310 [YAXLT] 2L°e3 8301~ Li‘e 034 11°2 e6ratz | 487912 | oe‘e - 06°¢ 9g°913 2
65°602 —u1sog 3a7u]
£6°603 ~ y0D4 YSO4] 96 Y2 12°2¢ 6L°T — 96°3 09°2 9T°T ~ vu 213 | o6etz | 031 ~ ov°1 84L°E13 T
‘8e61 ‘62 1107
968 °1v2 a61°se G6T*E + . 04L* %023 avg- - |ave 00°0€3 1T
8€°0%23 89°23 2e 11~ ¥6°L 00°4 ge°e ou*ut2 | v9°vI2 | 03°€C ~ o8°e P12 o1
00°1¥2 88°91 3T LT~ 6T"ET a29°11 | es6°e 21928 | 61032 | O¥*g - |g2T°9 L9612 [.]
8e T¥Z 00°91 00°61— 61°9T ov°et | 18°¢ ee 922 | s9°332 | 939 - -} &7 46°122 8
433mouvu
21qp140¢4 Aups) {-284 £-1 PTET 98°02~ [o1:AFA 92°g1 | 9g9°¢c ge'e32 | 28°¥32 | OT°4 ~ 91°8 L add £+ 4
G2 = WNAODY
Juruuns sadid aaayg 34 1¥2 8T 11 2823~ 9161 06°91 | 49°¢ vgroez | 4«8°922 | g1°01- 99 1€°932 [
Jo28-"duay 42304 Le TS @801 g1 82— 64°61 gy L1 | se°e 29°0e2 | 92°423 | oveOI- °0°4 49933 [
J08°06 ~ “dgwag sty 18192 eg°11 LY 232~ €y °6T LTLT vo'e 83°0€3 v L3 2Z*0T—~ a6°9 99932 14
«BT°0E - 42}3w0sng 287 1V2 8T°8T 28°9T— 96°T1 gg'0t | 88°€ ve'gzz | 8¥613 | 014 - gvee 61612 e
2T1°803-ussvg 327310 LE°TP2 6e°e2 19°0T~ eeg ov° 4 322 g6°413 | 94°912 | 09°9 - 08°T+ 19°812 2
42°0T3 —u3sog 337uf
09°012 ~ ¥9Dy ysSv4] [1-344 22 99°0¢e vye - 29°y - 8°e 86° - vs 312 | 24712 | 00°% ~ 010~ 08°e13 T
6€61 'g2 X1ar
4230wounw udo&ﬁ
mkoﬂvﬁong Lo.\.
mojaq yazays 2ag) 3 AR 41 26°01 80 g2~ 06°61 ag*s1 | 81°¢ va-oez | 9e°4L32 | 918 - ove 88°922 9
Ag %3 = unnovy
Juiuuns sagrd 224y] 29°1¥2 00°TT 00°83~ 81°083 og L1 | 28°2 29°082 | 08°L32 | 93°'8 ~ g9s°6 00°422 g
4038 — “qual 0% 82°0€3 13
4088 — “duap a1y 09°1%2 9181 v8°QT~ 8131 6.'0T | 99°e vecezz | ep-6rz | o8y - 96°9 6T1°612 €
»S0°0E — 4233m04Dg ,
16°L02-ursog 1271n0 89°TH2 0L ez o€ 01~ ve's [-1-392 96°1 ges12 | 20912 | o1 - 92 Y L9912 ]
64°0T2 -u1svg 3a7u]
86°012 ~ 79Dy YSv4] L0 PP ee e L9°2 ~ 16°¢€ gy e va°1 - $4°372 | 86°€TS | 93°T - 02°3+ 08°et1z T
B8E61 ‘v3 i10r
(0T T19d (8 190 + | (4°19D (€ 190 v 190 &3 CF)
+ 9 100) (6_100+%€) 8 190)~ €e1°T) |+ 3 192) [~ 8§ 190} +T T109)
SYYVNTY jua1posy (mgmiSgdey- Hmgmidgdm) | = Jgdm | =-uf If =y 2419 2y 13 437 397 nag
211nnsphy o = % ydry 3f27 ‘uof |*of “2d|
‘uy g cuy 2y
7 o1 6 8 L 9 S 14 € 4 T 0
1A 339vi




o
B

2§ 329yg

IA 2199]
LI*TYS Ly oe LY°2 & - 04°v02 . 00°082 11
bLL8E2 L0°13 £6°31T- g8°6 048 4L0°e 04°4T3 eg viz 0z y- [o]- R 4 83°913 [
2L°6€2 09°9T o) Ad-2 g e4°PT 00°ET L9°e A 84 44 gv°032 00°9- 004 L8613 ]
usuuns 13°3€2 £8°¢1 4T 02~ TE°91 o1 Ad 48 g8°¢e 8€°'932 29°2332 04°9— QL4 88°122 -]
sa¢1¢ apisyno omy 8902 0Z°3T 08" 13~ gy et 0891 ge’se 8e°833 €0°92Z ag9° 4= 94°8 [0 £-1-1 4
w00°08 - 4233m040g geT°0¥2 g19°6 g8e "y~ 98°12 oe*eT 9eg e vg°oe2 | 900822 08°8- 08°0T T L33 ]
Jo18 l.a!u& 42304 981098 geg e -3 Ad 430 g98°12 0e°6T Q192 29°0e3 |900°822 08 8- 080T e1°4L22 -]
4098 ~ “quag 1y 16°682 €9°6 4293~ 0T*22 0g-°61 4373 82°0ez T0°832 068°8— 09°0T 8T 423 4
¥ L03-utsog 3121110 £9°0¥2 6T 4T I8°91~ 93°eT 04L°1T 98°€+ yeezz 84°6T2 0y‘g- 0e°9 923°61T3 e
4L2°013 -~uisog 3atuf 30°0%2 y0°22 96°TT—~ 89°271 02°1T 340~ 86°4T2 04812 o1°g- [o2 - 61°812 -1
€9°013 ~ FIvy ysvij 66°393 g2°0e gLce —~ 86 Y or'® ez 1~ L2212 L8°B13 o012~ oe*z 8L°812 T
© ‘®eet 'z smenv
g6eov3 g69°9¢g 969°T + 04°%02 . 00°0e2 1T
04L°4LTE L An A peay ON ¢} ¢
86 °6E2 28°91 181~ 82°'v1 0p°21 g8°e A £-2-] 92023 QL g~ g98°9 69613 6
60°0%2 TLET 62°03~ 08°91 q9°YT 8L°e 8L°933 69°333 04°9~ 98°L ¥6° 133 -]
Buiuuni £9°0¥2 g92°31 9L 12~ ge°8T 02°9T or‘e 8e°9823 86°932 -1 A 9.8 -2 £:1-1 '
sa2dtd aprsano omy [0} A0} -] 98°6 yrove- 19°13 0T 6T eg-°s vs°0e 10°822 08°8- oe ot QT *L32 -]
w108 ~ J239mo40g 20°0%2 0v°6 08°y2~ 68°12 28°61 TL°2 39 °0€2 16°L3E 26°8- ov° ot PO L2 9
4086 ~ 4wl 41y LE0Y3 60°01 16°€2~ 29°12 00°6T 6e°3 82°0€2 68°422 08°8— 02°01 v0° L33 y
g2°L02~utsog 327300 89°0%3 3 4T 84°9T— 03'eT Tt 949°e ye eze 84°612 oe9— ge°9 92°6123 e
€4°602 ~ursog jaquJ 69°0%3 T8°32 611~ ov°6 0e‘s 66°T4 86°4LT2 66°9g13 08 8- og°v 29°912 2
00°0T3 ~ yovy yso4] |0°9ve 1e*ze 69°1 - v6°3 08°2 92 I- YL 312 66°e12 go° 1~ g99°T 98°£13 1
686T "I L80BAY
vasnoy Aui 94L8°0v2 948°9¢ 948°T + 04 ° Y02 » 00°0€2 TT
—-3oi9do apisus pray, 82°6€3 89°¥3 3y 3T~ [} (o d-} ez°'e 04 °4T3 (A48 AY:] o8 e~ oe vy T1°¥vi2 ()4
68°6€E3 L4°8T €281~ or°yT 043 gg°e 31°v22 62°022 069~ o8*9 3L°0T2 6
ye gez 98°et »¥02- T4°9T [-17% 41 772 -] 8e 9323 99 222 98°9~ 06°4 66132 8
L¥°6EY 60°1T 16°33~ 6T g1 4y 4v°e 8€ "833 16922 8g°8~ 0L 8 6T 922 4
€1°0%2 69°e hS A 42 8812 oe‘eT eg9°2 »8°083 10°8232 96 °8~ g€ 01 a1 433 9
Ausuuns sadig omp 68°0%3 L6°8 €0 ¥~ i3 A &1 06°81T ¥9°2 39°0€2 00°832 94 °8~ a1°01 QT 422 )
«91°0€ ~ 423amolvg Q2°0Y3 466 €0 ¥2- €9°12 ot eT or'z 83°0e2 88°422 a98°8~ a2 ot 30°L32 4
moabl.«lu& 42304 )
Jo16 - ‘quag sty g6°6€3 39°91 84T~ 0L°e1 T°31 89°¢e ve'e33 99°612 9°6~ 89 21°612 e
93°L0Z-uisog 321300 e 0ve $0°LY 6°91- 92 el 411 048 ve°e33 ¥9°812 v g- €9
98°603~ uisvg 2aquf 00°*6ea 20°12 86°3T~ %001 98°8 y6°2 86°LT2 0°9T2 [-ad o 89V g99°v12 3
€3°0T3 — yooy Ysvig 84°3%2 Y0°0e 96°e — 329 9y 92°T —| ¥L°213 00°v1I2 T2~ 92 64 °8T13 T
6e8T "1g
(0T 100 (® 19D + (4°100 (e 100 (¥ 10D (2 100
+ § 1°0) (6 10049€) 8 190)- €eT°T) | + 2 190)|- & 1°0) +T 190)
SYUYNSY uw“w_“wnmw (mgemsdg3oy- |=(mgm.3g3m) = dgdm | =-cur 3y = ag 2q 19| 213 207 297 ‘asg
! v = 74 sy 1f97 cuvy |cog-2q
‘uy ‘uy 39
11 07 6 8 L 9 S 1 € 4 1 0
QIANILROD -~ |A I18YVL

L



€ g 329yg
IA 2719q9]

e1°uLes 8981 2e°8T~ g0°6T1 08°91 €4°0- gve12z | e1°222 00°8 ~| 08°8 2y 122 vz
Jutuuns uoygdis 159y 8992 14°81 63°91~ 68°91 00°Y1 09°0- 86°412 | 89°812 08°9 ~| 02°¢ 86°413 2
06°902 -u1spg 22713n0 9 °8€3 32°83 84°0T- 0Z°11 06°6 29 °0~ avegre | v8°91 o8‘'y —| ot1°§ 20°912 L 4¢
99°0T2 -~ uysog 2974] eg°1¥s 6482 139 ~ A M) ou'Q 92 1~ v».°313 | oo°viZ oo‘e ~| ou°2 8L°813 T
®4°013 ~ ¥a0y ysvig (13053 -] ve‘te 99°2 — 02’y oLt g 1~ g0tz | 69-e12 otz ~| o09°t 9% 18 Oa
6c6T '6 Lesnony
04 %02 0L °¥03 11
er 1ye 06°1¢e 01°2 - 91°2 06°1 90°0~ €9°60% | 89°603 oe*'t ~| o090 £8°608 00T
89°0%2 1408 ez°¢g ~ or'e 00'e 110~ L6°60% | 807012 04T ~| oe°1 46°603 got
1€°093 ov 92 188 — y8°sg 08°4 ee°0- 39°7I3 | ST 912 08°s ~| 06°¢ 38°913 YoT
40°6e23 Le° 1 £9°21~ e1°et 09°1T 080~ 04413 | 03°8T2 09°s - | 00°9 04418 ot
3e°0¥2 og-et og° ¥1- 80°QT og’et 8g°0~ 28°032 | ovr1z2 oe'9 -| 00°s 38°023 g6
6L°6e3 eT 9T L8°4L1- 69°87 or-9t 3L°0- 99°€32 | 8e°¥23 oLs -] os°s 99 °822 vé
$0°0%2 e6°91 40°8T- 08°81 09°91 84°0- 21°932 | @8°¥32 08¢, -| o8°s 3T 932 ]
21°0%2 69°97 1681~ 90°61 08°9T %40~ LY P32 | 13°928 o6°L ~| oe‘s Ly yae ge
™eore g0°8T 96°81~ 2461 L TR Ll 0= 9e°932 | £1‘932 oz*'8 ~| o03°6 9e°933 8
933°0¥2 g9y8°et 99103~ 86°02 08°81 9280~ 8e'932 | 12°4L32 09°8 —| o6°s 8e° 922 e
e 092 L3231 e3° 13~ 01°32 09°61 480~ 49°432 | #9833 016 ~| o¥°0T | 4e*433 Y4
‘3uatposd sof 88092 00°3T 0022~ 06°82 02°02 06°0~ 8e'832 | 82°633 ov‘e -| o801 | se°gE3 3
PO* = 4013924409 49790 8y ovs 98°01 12 AT oy ¥2 0g°12 96°0— 26°623 | 88083 00°01=| o08°11 | Z6°833 )
-uow fo 331 3ydiy ut 92v°092 84101 928 '3~ 08°v2 06°12 $46°0~ 93083 | 23°1€2 03°01-| o4°TT | @2-083 v9
0%g JF 404 399440 9T ove 19°6 6¢°P3~ 6e°93 ov°32 00°1T- yg-oez | vg-1es ov°0T~| 00°21 | ¥9°083 [}
964 °0%2 9e1°0t 99883~ g96°%2 00°22 986°0— 29°0e2 | 09-182 02°01-| 00°IT | 29°0€3 9
3T°0%2 86 [FRad 23 91°93 0223 66°0~ 83°08% | sz°1E3 oe*ot~| os°tr | 82°0€2 1
ge-6ee 8v°ot 3g°g2- -1 A £ 09°12 96°0— ge°632 | 187068 otrot-| 08°11 | ge°ezz o8
08°6ez 8°9T 69y 61~ 82°02 06°4L1 L0~ 62°932 | 80°933 oy g~ 086 83923 @
€0°0%3 €0°91 L8 LT~ 04°8T 0991 €40~ 00°v32 | gL¥32 04 tm 08°g 00°¥233 ve
04°6€3 9e°9T ¥ L1~ 9e°'8T 0391 340~ ve'e33 | 90°923 09 °4- 09°8 Y623 e
Buiuuny £8°0%2 80°81 26 YT~ 2991 0s'el 09°0— Y132 | 90°222 089~ 024 v 132 vz
sagsd apssang omy g932°0v2 avz 23 994 1T~ €231 08°-01 900~ 86°412 | gv'eTs (243 [ 86°413 2
¥e°L0Z -~uisog 321100 ?2° 192 28°92 81°8 ~ 08°8 08°4 3e°0~ 3v°91Z | P4 9T os'e- og°e 3912 v
T0°012 -~ uisog 327u] Lo2¥2 00°0€ 00°'Y - 229 09y 221~ ¥.°312 | g6 eI oy 3~ 03°2 84°013 1
£€°012 -~ Y90y ysvi] 89°€%2 e9°1e Le°e ~ 16°¢e 13 ¥ 1— go°213 | eg-ere 98 T~ | 09°1 gy etz [
6861 ‘o &snony
(ot 1°0 (9 100 + | (4 *190 | (& T°0 (¥ 100 (3 190
+9 100) (6 1004+¥€) 8 100)- €T 1)| +2 1°0) ~g 19D} +1 190)
SIyNIY JuILP04Y | (mpm,2gsoy |=(mgmidgam) | o §2m |a -up g - 24 19 | 919 227 327 asg
o1qnoaphp | oy 2 iy 3f9n ‘upy | ‘ON°34
R/ ‘uy 2y
17 01 6 8 L 9 S 4 £ 4 T 0

QgANIINOD ~ |A JIEVL



h 4 ‘ houth
Ia 2790

[o]- RN >t-1 [-[. A2 90°92 - o142 [o]. 28 -}-4 g90°'T - g€ 623 oy oes oe 11— 09°21 98°632 oe

T4 LEZ 3y°21 8g°12 -~ Qv 22 08°61 48°0 — 63°922 P1°922 ov'e —- oy°0T 62°922 dge

29°LEB 28°e1 8e°0Z -~ 02°13 0L°81 28°0 — 00°v33 28°¥22 06°8 — 08°6 00°¥22 ¥e

90°8E3 24L°YT 8361 - g0°02 04°41 440 - veg2a T1°¥%33 0g°8 - 02°6 e 'eaz 14

98 LE2 I2°9T 8L LT — 09°871 oe*91 14°0 - sy 128 91232 08°L -~ og°s gy 123 v3

31°geg 1°02 98°€T ~ [¢} A4 A0 0431 ¥@°0 -~ 86°4L13 39°812 02°9 - 08°9 86°L12 23

68°802 ~ uisog 3191310 g2 eeg 98°c2 y1°01 - 29°01 oe*6 8e°0 — 3¥°912 08°912 0L°Y - [o}- Bt 4 39°613 ¥i
60°112 =~ uisog 321uf 80°2v2 vE*83 99y - L8y 10k 4 120 - YL 312 26212 oyt - 06°T 64312 Ts
61’112 - Yooy ysvig 89°3v3 eg-oe Ly°e - 08°9 039 ev*3 - go°*21e -1 4 2% 09°3 ~ 08°2 92912 Os

6e61T '1t Lsneav

¥y°yee At-2d- 2o 6L°8T ~ 0861 0341 140 — €3°612 »8 612 02'8 ~ 00°6 681°012 q ve

00°8e2 y0*0t 86°€2 - 03°48 00°®3 i v2'e - 96°4L32 08*1Ee2 08 1T~ 0821 gr-oez 1 V6

e14Le2 gy et 88°8T ~ g93°67 00°41 0L°0 - 4132 £y°323 0o1°'8 ~ 06°8 69° 122 g 8

g0°8e2 0€* 4 04L°92 ~ ot og 0992 oy‘e - 94083 gl vez oy 21~ 0zl L6°282 3 8

gg-°eez L9°8 €e°82 — o8*1e ot*'s2 L9°E ~ T8°€e¥ 8E°LEZ OT*ET—~ 00°91 e1°9e3 I o8

9€°072 Q9T ge°*6T ~ 23 A1 08°6T 80°'e - T4 Q22 64°833 oy°e — [o] Ddehd B6°L3 3 v3

0483 00°%¢ 00°0 . . 04° Y08 Tt

9€e°8ee £8°62 LTy - (o104 4 8°¢€ e1°0 ~ €9°602 99°603 08'2 - 08°1 £9°603 20T

y0°6€3 L0832 €6y - oT*g [o}- B 4 410 ~ 46°602 ¥1°0T2 g2 - 003 46°60% [-(02 4

e2°9e32 iveez 88°01 ~ 00°TT 46 90 ~ 28°v12 €3°913 08y - 06°Y 28 Y12 Yo1

oy qes 04°4T 0€“91T —~ g96°9T 6°yT g9°0 - 04418 ge°s81g 014 ~ 08°4L 04°4LT3 ot

19°L82 64L°9T T84T - 068°4T1 8°QT 680 ~ 38°032 19°138 094 — oe*s 28°033 -]

86°9e3 3e°et 89°03 - 29°13 0°61 ¥8°0 ~ 99 ‘E22 08°¥32 068 — 0101 99 * 833 ye

009 °982 848°3T g2 12 - oe 23 46T gLe°0 ~ 3123 |966°¥33 03°6 ~ 0g°01 21°v33 -]

ya3°4LE2 L4°3T ez 12 - 01°33 Q6T 48°0 ~ LY Y32 ye° 93y o1°'¢ - 0y 0% LY %33 g8

e9°4e3 8e°31 L4912 - e9°33 661 88°0 - 9€°92%2 y3°933 oe*s ~ 0901 9€°933 v8

3% Le% ¥0°11T 98°22 ~ 08°€2 118 6°0 ~ 8€°9232 L4232 086 ~ 0e°11 8E°923 8

9 Le2 8T1°0T 38°c8 - oe’'a 6°'12 86°0 ~ 4L9°432 g9 °822 03°0T~ 04°11 49 °4L38 A\

69 LES Ie‘se 6993 - 0493 4L*32 I0°T - 8e ‘822 6e 632 09°0T~- o131 8€ ‘832 4

88°L82 L84 €0°98 -~ 0142 6°83 LO°T ~ 36°632 86°0€2 OT°11~ 08°21 36°632 a9

T8°4L€3 [-1- A ye'g9z -~ k-4 A4 - 11 80°T ~ 92°0¢e2 [5] >0 £°1- 03 11— 00°EY g3°0e2 A (]

L 7N 14 024 08°92 -~ 06°4L2 9°93 0o1°1 - »9°0€e2 913 [o) A& C 03°eT *g°082% -]

28°L62 034 08°92 — 0643 | 9°%2 o't - | 29°0ez | 3L1e2 | OWeTI~ 0z°eT | 29°0e2 2

61°Le2 16°9 8042 ~ 03°82 .2 £- IT°T - 82°0€3 g 1ee 08°11- og‘elr 93°083 4

| N = %01323440) Te°4LEZ 96°4L Y0°92% - 0T 42 6°e3 90°T ~ S£°633 veoes [e1- 208 £ 04°3T g€ 632 o€

493oM0uDe fo 2Q°483 e3¢at L6128 ~ 99°382 0°02 98°'0 ~ 63°833 | L1°932 | O¥V'6 — 09°0T | 62°933 gae

39 «&\.—t ¥t O%H L0°4e3 L0°et e6°02 - 8L°12 3°61 g8’o - 00°v32 98933 00°8 - 0301 0032 ¥e

oF 404 31024409 0e*LES 96T 0°03 -~ 88°03 ¥ 81 I8°0 ~ veeeea QT Y32 04°8 - 04°8 v e32 e

‘se6T ‘6 Lenoav
(ot 190 {9 190 + (4 190 (e 1°0 (» 190 (3 199
+8 190) | (6 1o04¥E) 8 100)- eI T) | +2 190) | -g¢ 1o} +1 100}
SYSYNIY W21pvsY | PMLIgank- | =(mEmAgdm) =3gam | «-ur 37 = oy |2 19 | 18 da7 47 ‘nary
ssynoupky | od = 2d wydy 27 i BT A
‘ur 2 ‘ur 3
1T 0T 6 8 L 9 S 14 4 4 T 0

a%NIINOD - |A FIGVL

s1qel




8 ¥ 299y
14 2199

80°8€3 91°8 v8°92- 98792 oL-eg T0° T~ 26862z | ee-ogz | 09°T1- 01°81 2676233 a9
L1°8e2 26°L 80°93~ ot°ue 06°ez 20° 1~ gzoez | s2°182 | 04 TTI~ 02°31 gz oez v9
e1°682 698 19°93- ov°9z oe ez 66°0~ vgoez| eg*1ez | ove1T- 06°11 v oe2 9
u8Le2 g93°L 94 493- 08°43 0g°92 g90° 1T~ 29°0e3 | ¢9°1ez | 06°T1~ 09°21 29°0€2 g
38°4e3 84 oY 93~ 09°4L2 o€z 0T~ gz°0e2| 2e°1e3 | 08°TI~ 0g°21 82°0E2 »
1943 91°8 v8°92~ §98°02 ou-ez T0°1T- ge-632| ge-oez | 09°TI- o121 ge 633 oe
26°4L83 €9°21 LE T3~ 0z°2z 09°61 €8°0— 62°923 | 2t1°922 | OL'6 ~ 08°6 62922 ge
ev-Le3 6v°et 19°03~ oe 12 08°st 840~ 00933 | eL°¥32 | oe'6 ~ 09°6 00°¥22 ve
0LLe3 9E°VT v9°61- ov°03 00°81 940~ ve'eaz | or°vez | 06°'8 - 01°6 LRt e
60°9€2 9°91 964 T~ 10°81 06°9T 99 *0— gv*122| oO1°222 | OT'8 - 084 12+ V2
Jusuuny 2414 353y 23°003 y2°02 94T~ 82°vT 09°21 29°0~ go°.T2| o09°'812 | OP-9 -~ 029 86°4TY 2
06°803 -ussog 3973n0 ™92 86°G2 10°g - 8e°8 08°6 L€°0~ v g1z | e.°912 | 0T°g - ov'y 2P a1 V1
86°012 -~ ussog gaqu] 9e°ey3 29°0¢8 8e'e ~ gy 00°¥% 9T 1~ v.'2T2| 08°€12 | 08°3 — or°1 8L'E12 Ts
8T TIZ -~ yooy ysv4g 04°3¥3 99 ‘08 ge‘e ~ 88 v oe'y eg 1~ go*z13| es‘erz | og'z - 091 v etz Ox
6E6T ‘21 Isnpnv
eq-yes oe’gt 04L°8T- ge°e1 0r1°4T 89°0~ gz'612 | 16°6T2 | 09°8 - 09°8 61°612 g ve
€9°0%3 49°31 52 2 €30 09°92 04 T2 LT e~ 98°433 | ©1°1€3 | 0E°0T- ov° 1T 8T°0E8 ive
89°Le3 96°91 v0°81- 69°81 0991 99°0- es'122 | 8e°322 | o3's ~ oe*s 69123 a8
Ly 983 LTAFA 82°93- g9°62 02°92 Lee- guoez | 21°vez | ovezT- 08°€T 46382 FA
3¢°863 je 244 6g°62— go-ee 0263 oV e~ 18°ce2 | se°sE2 | O£ ¥I- 06°%T e1°9e2 1 o¢
ez 192 29°91 8y 8T~ 09°T2 00°6T 30°e~ Tueg22 | es°s23 | 026 - 08°6 26°422 L Ve
L9°9€3 L8°1e €1°3 - * * 0L *%02 s
gy eea 36°63 80°% ~ 0¥ 0i°e 21°0- e9°603 | @9°602 | oe'z - o1 €9 602 20T
ey ees 18°82 oy°g - 99°g 00°g 410~ 46°602 | ®1°012 | 06°2 - 01°2 46°602 €0t
20°863 0z°e2 080t~ 03°11 06°6 0% 0~ z8°v1z | 3%'atz | otr'g -~ 08°y 208°912 ¥yo1
16°ve3 13°41 6L°9T~ v LT oy-91 99°0~ os*413 | 9e*s12 | o09's - 064 0L LIZ o7
99°LE2 €4°91 L2041~ 96°LT 08°9T 89°0~ 28'022 | og 123 | 09°L ~ 0z'g 28°022 g6
4230m0 v8°9€3 [:244-3¢ 28°03~ §9°12 0161 €80~ 99°€33 | 6v°¥22 | O1'6 - 00°0T 99 €32 Ve
-umm fo 327 pydsy ut 88°9¢3 94°31 3 12— 01°22 09°61 98°0— 3132 | B6°YBZ | 0E°6 ~ 02'01 ST V2T 8
OFH T 40f 2224407 a9 °9e2 81°31 2812~ 0L°32 00°02 88°0~ 4y°v23 | gecgsz | 096 ~ 09°0T LY ¥ G}
89°962 2e°TT 89 *32- 09°€2 08°02 26°0- 9€°9232 | 83938 | 08°'6 -~ 00°T1 9£°932 v8
8T LEZ 44°0T ez g3~ 188 -4 0e°12 26°0~ 8€°92% | oe‘u22 | 0101~ 0211 8e°922 8
11983 L4 N 9v°g2- or ¥e 0g° 12 ?6°0~ L8423 | 18°838 | 02°'01- oe°11 L9422 ¥4
99°483 0e°6 0493~ 0L°az 04°32 00° 1~ ge°832 | ge62z | oL 01— 00°21 ge°922 4
v4°8€8 28°8 81°g3- 02°92 ot'es 20°T- g0'es3 | v6‘ocz | 06°0T~ 02°31 26632 g9
31°8682 u8°L T 9%~ 0342 00°%2 40° 1~ 93083 | 2e°1e2 | og 11~ 0421 93°0e3 ¥9
96°482 -4 A 8992~ 99°42 oy vz 40° 1~ vg-0e3 | T9°1eZ | 0Q°TI~ 06°3T vg+oe2 9
08°4e3 814 38°92- 06°42 09°92 80°1- 29'0e3 | ou*1e2 | 09°T1I- 00°eT 29°0€3 g
1 29X :x] 814 23892~ 06°4L2 09°?¥3 80° 1~ gz*0ez | 9¢ 182 | 0911~ 00°e1 82°0e2 v
€61 '11 isnony
(0T 100 © 190 + |tu1on | teten | » 1o (2 100
+8 100) (8 ToD4%E) 8 190)~ €e1°T) +2 190) | -8 100 +T T9D)
SYYvN ¥ WaIposy | (mgmiBgdo} |=(mm.3g3m) adg3m | =-ur 3y = " |2 19 |2 19 da1 da7 ‘a2 g
s1noaphg o = % iy 1f27 ‘uoy |toN‘zd
‘ul Ay ‘ur 3

17 o1 6 8 L 9 S 14 £ Z T 0

QEONIINOD ~ A FIEVL




9 # 32245

IA 2199
06°682 ey T 49'81~ |ge-61 0T°21 guco~ | Lveya2 | 93923 08°4 - oe‘e LY Y23 )
0E°0¥3 6 T 90°'61- |gg°61 0941 6L°0- |9e‘93z | 9T 93 00°8 - 086 9e 933 v8
; 42°0v2 88 el T e~ |96°02 0g°8t ve°0~ | ee*932 | 33433 oy'e - ot*ot 8€ 933 8
1 oV 0¥z 68°2T 113~ |oo-zz oy61 68°0~ | 49°432 | 9¥°033 08°8 ~ 090t 49°633 v
i 0g°0%2 2121 99°13~ |08 23 gt-oz 26°0~ | 8£°828 | oe-632 01°6~ g0°TT 8€°933 4
] ¥ 0%2 6%°01 19°g3—~ |09 vz 09°12 e6°0- | 26°633 | 16°08% 08°6 ~ 08°1T 26°633 [
5 0¥2 62°01 TL'e2- 0493 08°12 66°0- | 92°0e% | v3°1€3 06°6 - 068°11 g93°0e3 9
IT°0%2 LS8 S PI— 194902 oV 22 301~ | ¥9'0E3 | 99°TET | 03°0T - 9331 ¥g'083 9
90°0%3 ev'6 L8°v2~- |09°92 09°22 e0°1~ | 29°0e3 | @9°182 [0E£°0T - oe 3t 39082 [
yT°0%2 98°6 yi-v2- |61°9% 03°33 10°1- | 82°083 | 62°1E€38 |0OT°OT - 0T*31 92 °0e3 y
3 w83 =21y 98°6€2 12°01 6%°g3- [8v° ¥z 09°13 66°0- | ge-633 | veroex 08°6 ~ 08° 1T 9e 633 o8
Juruuny 60°0v3 08°91 oz'61- |T10°02 [TAFA 180~ | 62°922 | or°933 009 - 04L°6 63°933 qe
sag1d apisynp omg 90°0¥3 90°91 Y6 L1- |04°8T 08°91 94°0- | 0023 | 9L ¥33 oy - o1°s 00 °¥33 ve
u90°0E -~  4339moivg 92°0%2 26°91 g0°4T~ [08°4T 04°91 40—~ | ve'e33 | 90°¥32 014 - 09°8 e '3z 3
Jo84 -  cquay o%f P09 69°81 1e°91~ |96°9T 031 v90~ | 9¥ 132 | 60°332 oy - [TAS2 o9y ° 132 v3
4006 =~  “qual sty as8e3 18° 13 et-31~- |os°3t 03°1T 190~ | 86°913 | 6v 812 ot g ~ 01°9 86°4L13 3
ZE°L02  ~utsvg 127100 69°0%2 ARt £8°8- 03°6 01°8 se'0~ | 3vratz | 64°a123 os'e - oy°y 29913 vr
1 84°60% - ui1SDg §97uJ 8e 2P v9°83 9B ¥~ vg°Y 00°Y 910~ | v4*213 | 26°312 06°1T - 01°3 ¥, °313 1
! YO'0TZ - oY YSv4f o1 evs go1e g6°2~ 1184 00°Y eg 1~ | go-z12 | ¥9'eY2 06°T -~ ot°3 v el 0
6€6T ‘1 Is0bAvY
29°aeg 8e°91 19°4T~ 291 T°91 €90~ |ez etz | 98°612 18 - o°'s 61612 | g vo
oe‘6ez ye 1T 99 23— 98°92 832 61°e~ |96°u3z | gar-tes 2 IT- 911 81'0ez | 3 ve
[ 24FX-+-] weat 6a°er1- 92°61 04T 99°'0~ |es-123 | 68323 98 ~ v'e 69°133 | g 8
90°6€2 18 69 °93- 00°63 992 Te°e~ | 94°0€3 | 9O°¥EZ 921~ Teet werzez | g 8
v3 1YE ee*s 4993~ y0°0g 8°93 ue'e~ | 1e°gez | 93483 0°er- g°er er-gez | § oe
g LETEYZ 99°41 vE 97— az°61 041 16°2~ | 14°933 | 29°832 9°g - ¥'8 36°L3% | § VS
04" Y02 04°¥03 11
ve‘8ey 18°92 61’y - 2e°g uy e1°0- |es-803 | p9-602 T'e - 91 £9°602 201
v ‘gez a¥°83 2g8°9 - uog o°g gr'o- |46°602 | x1°0T3 z°e - 8°1 46°603 g0t
00°8ez 81°e3 38°0T~ 03°11 L] ge°0- [28°%12 | 02°QT2 e'g - oy 28°913 Yo1
23°9e% 20 41 9y 91— ot ut Tt 29°0~ |ost413 | 3ec013 L - | 4 04°413 ot
Y LED 29°97 8e 4T~ y0°8T 0°91 99°0-~ | 28033 | B¥°133 T°8 - 8% 38°033 Qe
£9°9e3 46°31 8013~ 9613 g°61 38°0- | 99°e33 | ey ya3 g6 ~ 8°6 99°e32 ve
; 98°9¢e2 £4°31 42713~ 0133 g6t e8°0- |31°¥v32 | g6°¥3 *6- .3} 3793 [
; 98°9€¥ 6e°31 19°13- v 3% 861 ¥8°0- [L¥°923 | TE°932 L6 - 1°01 LY 933 a8
4 Iy LeY 90°231 ¥6° 12— 0822 102 98°0~ |9E'933 | 23°032 8¢ - e°ot 96933 ve
42390 v3Le2 98°01 PTE3~ 90°¥3 213 16°0~ |8e°923 | 63°423 e*ot~ 6°01 8e°933 8
—uow fo a7 Fyd1y u 94" LEZ 61°01 18°€3- 94 v2 8°13 ¥6°0~ |49°433 | 19°833 9°01- 311 48°4L33 v
O%H ,I 40f 309440) ¥6°4LE3 986 122 53 or° gz v 96°0~ lee g3z | ve 63 6°01~ 9°1T 8€°833 &
66T ‘21 lenonv
(0T 190 (9 100 +| (& TO] (€ 100 (¥ 120 (2 190
+@ T00) | (6 T004%E) 8 100)~| ESeT°T1) | +3 10D) | -9 T9D) +1 190)
SYUVR3Y ju21pvay | (mgmidgdeg- | =(mgmadgdm) | «3g3m = ur 3y =% |2¢ 19| 2 13 do7 337 -a91g
stqnviphg | o = 24 wydiy 1f27 ‘uoy  joN‘sd
‘uy ¥y
1T (1)1 6 8 L 9 S 14 £ z T 0
QIANIINOD -~ |A J18V1




[pro

L $ 399YS
IA 27997

1T
9T 682 £9°63 Le'y ~ g Y 00°% o1 - | eg*602 | ou'e02 06°T ~ 01°3 £9°602 o0t
e6 ‘8e2 99°83 ve'g ~ 99°9 06y 3z* - | w6°602 | e1°0T2 oe's - 09°3 46°602 4ot
v1°8e3 2g°e8 89°01~ TT°11 08°8 ey ~ | 2B°YIZ | 93°QI2 09°Y - 03°g 28°913 vot
oe‘9ez 99°81 Pe°9T- 86°91 (38 4¢ ¥9° — | o441z | ¥ecE1B ory - 0L*h 0L 413 ot
L8°4LE3 9041 9691~ 99°41 09°91 Tu* - | 287033 | e9°133 o1s - 0%°s 397032 g6
99 °uLe3 66°c1 10°03~ 98°02 ovy-8t v’ - | 99°e23 | 09-¥33 oe’s - ot°ot 99222 v6
48°Le2. 9u°et 92°02~ 0118 09°81 98’ ~- | 31°vaz | u6°¥32 ov's — 03°0T 21922 6
e1°ees 99°e1 ve°03- 03°18 04°81 98 - | 4v°v33 | ee gl ove ~ 0e°0t LY v -G
L9 *4Le3 18°31 69°13~ 09°33 g96°61 16 ~ | ¢e°g22 | 4L3°933 00°6 ~ 96°01 9€°933 v8
98°LE3 08°11 09°23- ey ez 04°03 96° -~ | 8e°932 | €€°433 086 ~ oy it 8e 9232 8
ge 8ez 84°01 333~ 08’y ge 12 86° —~ | .g°.223 | 99°833 096 ~ 84°TT 48°423 v
00°ee3 29°6 ee y3- ov°g2 oV 33 30°1- | 9e°832 | o¥ ez 01°01- 0831 88832 &
8€°9e2 ov°g ¥5°93- T9°93 0§82 L0°1- | 36°633 | 66°0€3 09°01~ 06°3T 36°633 -5)
. 14°0€3 ov°e »3°93- 19°93 og°ez 40 1- | 82°083 | 2e°1e2 09°01~ 08°31 93°0e8 9
96°4€3 <: 27 69°93— 18°48 9g°¥2 21T~ | ¥e°0eZ | 99°1€8 0T 11~ 9y et yg-0e3 9
g0°4Le3 1e°% 69°93- T8°42 e8°y2 311~ | 29°083 | V413 o111~ av’er 39083 g
09°483 18°% 969°93- 0842 0g vz TI1°1- | 63°0€% | 0¥ 1e3 ot 11~ [+ 24:3¢ 83°0€3 v
vg Le2 00°L TO'93- 0T 42 06°e3 80°1- | ge°623 | vv-0e2 08°0T~ ot’et g9c-633 oe
I 49793 « "om4 9 L8z 9€°21 9° 13- 99°32 06°6t 18° - | 62°933 | 03'932 00°6- 06°0t 827933 [
‘Juiuuny ad14 159y 04482 ouet 0g*02~ 91°13 g9°81 gg: - | oovez | ge-vae ov 8- 93°01 00°933 ve
- 4maz o%f 3g°L8Y 8T°9T 28°61- 9902 02°81 ee* - | *e°e33 | L41°v32 0z°8- 00°0t ve ez e
- 433amo040g 14483 93°91 PLtUT- 8v°81 oe*9t gu - | gve138 | 03-333 [ 00°6 gy 122 2
~ guag a3y 08°4Le3 39°67 8y vI~ 80°g1 oe*el og9* - | 86°413 | 89812 o019~ (322 86°413 2
£€9'902 ~ ursog 291310 99° 883 ey ez 49°0T~ 00°TT 046 gy ~ | 3V 9I3 | 99°913 0g°y- 089 29 913 vt
|es*803 - uisog gaquy ey ors 0943 1€°9 ~ XM} 08°g 93 - | w4213 | 00°eTB 04L°3~ ot’e P4°313 T
4T°603 - yI9y ysoip L1344 2 6z’e8 T4 ~ €e’q [+ 4 39T~ | 90313 | 40'ET 0% 23— 08°e 9¥°e1e 0
" 8661 ‘9T Isnpav
oz-eez os've 08°0 + . 04908 . 00°0e% T
L9° 1Y v0°2e 96°1 - v0°3 08°t 80* ~ | eg°60z3 | 19°603 08°0~ 00°T £6°602 o0t
08°0Y3 eg‘oe u1ve - 8z°'e 06°3 1t - | we°803 | 80'013 091~ oe*t 48°603 got
3092 e gz 19°8 - g96°8 064 ve: - | 28°913 | 91°g18 08°e- (4394 4 28°P12 Yot
v, 983 0°13 9631~ ey et 06°1T eg* - | oscstz | ez 813 09°8- 0€°9 04°418 ot
TT°0%2 63°01 TLPT~ 0e'g91 0g°g1 eg* ~ | 38033 | 1P-133 oy 9~ ot1°s 26°038 g6
6663 8391 2L°LT- 9y 9T 0e°9T s - | 99°833 | 6e°¥33 09 4~ 0g°e 99°€23 (]
€4 668 99t [[1-34:3 25 91°61 06°91 94 ~ | 3193z | s8°v3B 084~ 01°6 T ¥ 6
8c01 'vT isapav
(0T 10D (9 100 + (4 100 | te To0 (¥ 190 {3 190
+8 10p) | (6 Top4re) 8 1°0)- eeT1°T) | +8 100) | -9 190) +T 100)
SY¥VNTY quatposg | (gmidgdoh |symgmidgam) =3gdm | ~oup My " |2d 19| 2m 18 2o 297 ‘narg
ssqnospkf | o = 2 - sydy 1597 ‘uoN | coN-ad]
‘ur 3§ ‘uf 3¢
17 01 6 8 L 9 S 4 € 4 1 0
qanNIiRod - A 318V.1
- Ll . -

e,



TABLE VI

Computed Actual
y2 Effective Area
Section 27 v2 4 Area of pite
JULY 24, 1939
1 0.78 48.2 6.98 ~123 83.3 Q = 886
2 3.12 201 14.19 60.4 63.6 H ™ 8.00
3 8.12 201 14.19 60.4 63.6
4 68.8
8 2.38 1851 12,30 69.8 63.6
[} 2.78 177 13.91 64.4 63.6
JULY 26, 1939
1 1.00 6é. 4 8.03 92,68 83.3 Q= 742
2 2.00 187 13.680 54.4 63.8 H=2.26
3 2.78 177 13.91 88.7 63.6
4 1.82 1117 10.82 88.8 83.68
8 2,208 148 12.08 61.8 63.6
] £2.00 129 11,88 68.3 83.¢8
7 1.88 119 10.91 é8.1 63.6
8 1,60 108 10.18 73.0 83.6
-] 1.50 96.8 0.84 76.4 63.8
10 £2.00 120 10.30 7.6 8s.¢
11 0.37 23.8 4.88 162.2 103.9
JULY 29, 1080
1 1.40 90.8 0.52 68.9 83.3 Q= 627
2 2.00 120 11.88 85.2 63.6 H=1.80
a £2.00 120 11.38 58.2 83.8
4 1.78 118 10.61 50.1 63.6
[} 1.78 118 10.61 50.1 e3. 6
] 2.00 120 11.38 68.2 83.6
7 1.80 98.6 0.84 63.8 63.8
8 1.40 90.8 9.52 ¢5.8 83.6
-] 1.40 90.8 0.82 as5.8 83.8
10 " 1.80 116 10.78 68.2 83.6
11 .80 81.8 7.18 87.4 103.9
JULY 81, 1030
1 1.8 80.8 8.96 ©0.9 83.3 Q = 818
2 9.80 -2-1.3 i8.08 54.2 63.6 H= 2,70
3 3.78 242 15.8¢ 82.4 63.6
4 3.28 210 14.81 58.1 63.¢
[ 2.90 188 13.71 50.4 63.8
[} 3.28 210 14.61 868.1 63.¢
7 3.80 226 15,08 84.2 83.6
8 2.78 177 18,81 81.2 63.¢
-] 2.680 161 12.70 64.2 63.8
10 2.87 186 13.81 80.8 63.6
11 1.78 113 10.62 78.7 108.9
AUQUST 1, 1039
1 2.00 180 11.88 7.7 83.3 qa = 818
2 3.8 210 14.60 56.4 63.68 H= 2,68
3 3.28 210 14.80 58.4 é3.68
4 2.78 177 18,91 61.2 8.8
] 3.28 210 14.80 56.4 83.6
[} 2.68 171 13.00 2.4 63.6
7 £2.10 188 11,61 70.2 63.8
8 2.20 142 11.902 68.86 83.¢6
9 1.78 113 10.62 78.8 g3.8
10 3.6
11 1.00 61.4 8,08 101.8 108.9
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TABLE Vi1 - cowrrvuvep
Computed dctual
J2 Effective Area
Section 2¢ vz 14 Area of pipe
AUGUST 7, 1039
1 1.37 sa.z 9.40 90. 80 83.3 & = as1
2 4.28 274 16.59 51.30 83.8 HE * 2.95
3 3.67 236 16.38 85,40 63.6
Iy 3.67 236 15.38 55.40 83.6
5 3.80 226 16.04 56.40 63.86
6 3.60 226 15.04 58. 40 63.6
v 2.50 161 12.70 67.10 83.8
8 2.28 145 12.08 70. 60 63.6
o 2.25 146 12.08 70. 60 63.6
10 3.00 193 13.80 61,60 83.8
11 .67 43.2 6.58 129 1038.9
AUQUST 8, 1939
1 1.30 83.6 9.14 90,80 83.3 a= 827
2 3.60 232 15.24 54.20 63.6 HE 2.77
3 4.20 271 16.50 50.10 63.8
4 3.40 219 14.80 56,80 83.8
5 2.60 168 12.98 63.50 63.6
8 3.40 219 14.80 B5.80 63.6
7 2.40 1586 12.47 66.40 63.6
8 2.20 142 11.01 69.40 63.6
[ 1.90 123 11.10 74.80 83.6
10 2,70 174 13.20 62,60 83.6
11
ADQUST 9, 1839
o 1.26 80.6 8.96 121 103.8 Q@ = 1088
1 3.12 202 14.22 76.1 83,3 H = 4.80
2 7.78 800 22.30 48.6 63.6
3 7.00 461 21.25 51,2 83.€
4 8.00 306 19.01 B4.4 63.6
5 5.50 364 18.82 57.6 83.6
6 5.76 371 19.27 56.4 63.6
7 4.87 314 * 17.71 61,3 63.6
8 4.25 274 16.58 65.4 83.8
° 4.26 274 16.58 65.4 63.8
10 5.00 azz 17.98 60.3 83.6
11 1.50 06.86 9.83 110.8 108.9
AUGUST 11, 1038
0 2.80 161 12.69 80.4 103.8 Q = 1145
1 2.90 187 13.69 83.6 83.3 K = 5.30
2 6.75 436 20.86 54.0 63.6
3 8.75 435 20.86 54.9 63.6
4 6.25 402 20.10 57.0 63.6
5 6.00 386 19.65 58.3 63.6
6 5.90 380 19.60 58,7 63.6
7 7.40 476 21.85 52.4 83.6
8 4.50 290 17.08 67.1 63.6
o 3.95 242 15,58 73.6 63.6
10 5.50 383 18.78 61.0 83.6
11 3.78 242 15.88 73.8 103.9
34 6.76 435 20.88 83.6
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TABLE VIl - coNTiNugDp

Computed Actual
¥z Effective drea
Section 2¢ v v Area of pipe
AUQUST 12, 1939
0 T 2.26 146 12.04 .03.6 108.8 Q= 1128
1 1.70 109 10.42 108.1 83.2 H = B.08
2 6. 60 428 20.61 54.7 83.6
3 8.86 441 21.01 53.6 63.6
4 6.80 L2 16.38 58,2 63.6
3 5.80 574 19.38 88,2 63.6
] 4.80 200 17.06 66:2 63.6
7 4.50 200 17.08 66.2 63.6
8 4.50 200 17.06 66.2 63.6
] 4.00 260 16.81 71.3 63.6
10 E.25 338 18.41 61.2 63.€
11 1.80 116 10,78 104.5 108.9
AUQUST 14, 1939
1 0.28 16 4.00 198.00 83.8 Q= 9
2 3.00 102 13.86 57.1 63.6 B = 2.55
3 2.37 182 12.41 63.6 83.6
34 2.50 160 12.66 62.8 63.6
3B 2.40 183 12.38 63.8 €3.6
4 2.10 138 11.81 68.2 83.6
5 2.12 1236 11.62 68.1 63.6
6 1.87 120 10.97 72.2 63.8
7 1.26 80.6 8.97 88.2 63.6
8 1.00 64.4 8.03 98.6 63.6
] 1.12 72.2 8.44 93.8 83.6
10 1.87 120 10.97 2.7 83.8
11 1.26 80.6 8.97 88.3 103.9
AUQUST 16, 1938
s} .80 32.2 5.688 133.8 103.8 a = 780
1 2.38 163 12.39 61.4 83.3 B = 2.40
2 5.37 347 18.66 40.8 63.6
3 6.25 3as 18.40 41.3 63.8
3A 8.00 322 7.90 42.3 63.86
3B 4.87 314 17.71 42.8 63.8
4 4.87 314 17.71 2.8 63.6
5 4.66 300 17.32 43.8 83.8
8 4.60 206 17.21 44.1 63.68
7 4.00 268 16.10 47.2 63.6
8 3.80 226 15.08 5O.4 83.6
) 3.20 208 14.45 52.6 63.6
10 4.50 290 17.08 44.6 83.8
11 2.10 136 11.81 65.4 103.9
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TABLE Vil

PITOT TUBE READINGS - MARKED TREE SIPHON

Distance Observed
From Head Head Velocit V' o= C V2gF
Wall Nm. Hg Ft. H,0 v = VE(% c= .81 REMARIS

AUGUST 8, 1939
0.20 40.0 1.65 10,32 9.4 Top of siphon outlet leg
1.20 45.0 1.86 10.908 9.95
2.20 76.0 3.10 14.12 12.88
3.20 65.0 2.68 13.18 11,98 Pitot tube No. 2
4.20 85.0 2.68 13.18 11.958
4.70 60.0 2.48 12,68 11,60
C.20 76.0 3.10 14.12 i2.85 Side of siphon outlet leg
1.20 80.0 3.31 14.60 13.30
2.20 90.0 3.71 16.50 14.10
2,70 100.0 4.13 186..30 14.82
3.20 120.0 4.06 17.90 16.28 Pitot tube No. 2
4.20 120.0 4.06 17.90 16.28
4.70 120.0 4.96 17.90 16.28

11 ag

0.20 180 7.84 22.50 20.42 Top of siphon inlet leg
1.20 200 8.26 23.10 21.00 .
2.20 216 8.87 23.90 21.78 :
3.20 210~15 8.76 23.80 21.62 Tube No. 2
4.20 208 8.45 23.38 21,10
4.50 200 8.28 28.10 21,00
0.20 126 5.16 18.28 16,868 Top of siphon outlet leg
1.20 140 8.77 19.30 17.68
2.20 155 6.40 20.33 18.80
3.20 180 6. 60 20.60 18.72 Tube No. =
4.20 180 7.43 21.90 19,92
4.50 178 7.2% 21.80 19.63
4.70 188 7.64 22.20 20.20

AUGUST 14, 1039
.26 50 2.06 11.51 10,80
0.80 80 3.30 14.80 13.28 Side of siphon inlet leg
1,00 100 4.128 16.30 14.82
1.580 108 4.33 18.72 16,20
2,00 110 4.54 17.10 16.85
2.60 100 4.128 16.3C 14.82
3.00 120 4.95 17.88 16.25 Tube No. 2
3.80 128 5.186 18,28 16.60
4.00 138 B.67 18,96 17.28
4.50 152.5 6.20 20.20 18,40
5.00 147.8 8.08 19.80 18.00
5.50 135 5.57 18.95 17.25
6.00 138 5.87 18,95 17.25
6.50 186 6.40 20.40 18.56
7.00 140 6.77 19.30 17.86
7.60 140 5.77 19.30 17.88
8.00 130 5.36 18.60 16.90
8.50 120 4.95 17.88 16.28
8.78 118 4.74 17.850 16.91
9.00 96 3.92 15,90 14.48
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TABLE Vi!!l - conriwusp

Distance Observed
From Head Head Velocit V' = C V2l
Wall Mm. B Ft. B0 v = fé?% c=-.0 RENARKS
0.26 55 .27 12.10 11.00 Top of siphon inlet leg
0.50 [L1¢] 2.47 12.61 11.49
1.00 70 2.80 13.61 12.40
1.50 72.8 2.99 13,90 12,68
2.00 80 3.30 14.60 18.80
2,80 78 3.z2 14.40 13.10 Tube No. 2
3.00 80 3.30 14.80 13.30
3.6C 80 3.30 14.60 18.30
4.00 78 3.00 14.10 12.83
4.50 85 3.61 16.01 13.68
6.00 90 3.72 15,60 14,10
8.80 87 3.89 18.20 13.88
6,00 or 3.80 165,68 14.22
6.80 [13 3.92 15.90 14.46
7.00 o0 3.72 16,80 14.10
7.80 90 3.72 18.80 14.10
8.00 85 a.51 15.01 13.88
8.80 90 3.72 18,50 14,10
8.7% 80 3.30 14.60 13.30
9.00 83 2.60 12.98 11.80
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TABLE VIII - conrrvusp

Distance Observed

From Head Head Velocity Vi = Cf2gF

Wall Mm. Hg Ft. H,0 v = VB¢l C= .93 RENARXS
AUQUST 18, 1939

0.25 30 1.24 8.94 .

0.80 60 2.47 12.61 11.72

1.00 &5 2.27 12.08 11.28 f::::i::: mercury extremely

1.50 65 2.68 13.18 12.28 ‘

2.00 70 2.89 13,68 12.70

2.60 75 3.09 14.10 13.10

3.00 80 3.80 14,60 13.68

3.80 8& 3.61 15,01 18.96 Two outside siphons runming -

4.00 102 4.21 16.30 15.18 Vac. = 24"

4.60 107 4.42 16.90 15.70

5.00 110 4.64 17.10 15.90 Readings taken through ogpen—

5.60 112 4.62 17.30 16.10 ing in side of inlet leg, using

8.00 110 4.84 17.10 156.90 pitot tube ¥ 3.

6.50 110 4.54 17.10 16.90

7,00 110 4.54 17.10 15.90

7.60 110 4.54 17.10 15.90

8.00 110 4.54 17.10 15.90

8.50 108 4.33 18.72 15,55

8.78 100 4.126 16.30 15.18

9.00 -1 3.81 18.01 13.96
AUGUST 18, 1939

0.26 -] 3.02 15.90 14.80 Side of outlet leg

0.80 120 4.08 17,90 16.62

1.00 180 6.20 20.00 18.60

1.50 178 7.24 21.60 20.10 Tube No. 3

2.00 170 7.02 21,30 19.80

2.50 170 7.02 21.80 19.80

3.00 160 6. 61 20,62 19.20

3.50 168 6.82 £1.00 19.81

4.00 170 7.02 21.30 19.80

4.850 160 6.61 20.62 19.20

8,00 186 7.68 282.20 19.20

5.80 190 7.88 22.80 20.93

6.00 190 7.86 22.50 20.93

6.50 182 7.82 22.00 20.43

7.00 187 7.72 22.30 20.72

7.80 106 8.08 22.80 21.20

8.00 192 7.94 22,70 21.10

8.50 192 7.94 22.70 21.10

8.78 128 8.18 18.25 16.96

9.00 120 4.96 17,90 16.65

0.26 4B 1.88 10. 68 10.20 Side of inlet leg Tube No. 3

0.80 86 3.851 15.01 14.00

1.00 20 3.7 16.45 14.36

1.50 90 3.71 15.46 14.38

2.00 pR:1.] 5.57 18.986 17.68

2.50 170 7,02 21.30 19.80

3.00 198 8.085 22.80 21.20

3.50 185 5.57 18.95 17.66

4.00 170 7.02 £1.80 19.80

4.850 170 7. 02 21.30 19.80

5.00 £30 9.50 24.80 23.08

5.50 226 9.30 24.50 22.80

8.00 220 9.10 24.20 22.60

6.850 230 9.80 24.80 23.08

7.00 218 8.88 24.00 22,38

7.80 280 10,32 26.80 24.00
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