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August 29, 1935

Subjéct: Experimental Discharge Measurenents at St. Lou:x.s ) Mis,so'ri
: During June and July, 1935. - ' T

To: " The Area Engineer, Second Field Area, St. -Loui:;, Missou:x-'i.

‘1. During the extreme high water of June and July 1935, dis—

| charge measurements were made on the Mississippi River at St. Iou:a.s ’

Missouri, by the United .States Engineer Department in conjunction| .
with the United States Geological Survey. A part of the measurements-

.obtained were standard to the two respective departments, while the

remainder were experimental in character. |

<. The primary purpose of these measurements was to determlné '
the accuracy of the two most widely used methods of observation, and

by experimentation with these two methods, to arrive at a more satls—‘

factory procedure of making observations for stream measurement. \A
summary of the field work equipment used, and the methods of obser-
vation follows:

(a). The United States Geological Survey, using their stand~
ard equipment and method of observation, obtained daily measurements
of the stream from a permanent range established on the hlghway deck
of the Municipal Bridge at St. Louis, M:Lssourl.

(b) A party operated by the United States Engineer Depart-

ment, using their standard equipment and method of observation, obtained

daily measurements of the stream from the permanent range establisheded
approximately two miles downstream from the Munlclpal Bridge, at the
United States Engineer Depot.

(c) A third range was established at the foot of St. George
Street, about equidistant from each of the aforementioned gauging sta-
tions. This range was occupied by one party from the United States
Geological Survey and one party from the United States Engineer Depart-
ment. All tests and experimental works connected with the study were
conducted jointly by the two parties on this range from a steel barge.
The barge was fitted with two "AY frames at the head end, for use of
the United States Geological Survey, while at the corner, on the stern
of the barge, was another "A" frame, for use of the United States
Engineer Department. A pushboat was used to tow the barge on location
and an anchor was used to hold it on the range while tests and obser-
vations were being conducted,
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(d) The equipment of the United States Geological Survey
was of a light portable type, designed to offer the least resisténce
to the current ’ when submerged, Bullet-shaped meter weights, with a
plane surface on the bottom, weighing from fifty to three hundred
pounds, were used alternately.  Horizontal and vertical fins fastened
to the back end of the weights held them parallel to the flow, and in
a horizontal plane at a2ll times, The meter staff was made of polished,
stainless steel, 1/8" thick and 3/4" wide, and was suspended so as to
offer least resistance to the flow, The current meter was of a small
design, adapted to the thin staff, yet similar in working parts to
the lLarge Price Meter (now used by the United States Engineer Depart-
ment), Electric contact points in the meter head were arranged to
register either each revolution or each fifth revolution of the meter
turbine, The reel used to raise and lower the meter apparatus was
"also of small design; it was equipped with a counter to register
depths, and was easily operated by one man. The cable used on the
reel was 1/10", in diameter and had an electric conductor core that
served as the primary line of a telephone circuit to the meter, (see

Fig., #1)

(e) The party operated by the United States Engiheer Depart~
ment was rigged with the standard. equipment, which consisted of three
Large Price Current Meters, a 3/4" round brass meter staff, a seventy-
five pound meter weight, a length of 3/8" steel supporting cable, and
a length of two-c1rcu1t electric cable 1/2" in diameter. (See Flg. #2)

¢ (£f) The procedure followed by the United States Geological

Survey while obtaining observations was noted as follows:- Jihen the
barge rested at anchor on the range, the observer obtained a single
sounding, with the meter lead (meter attached); the angle of drift of
the lead weight was measured with a:protractor that was fastened to

the "&" frame at the pulley, and a correction for this angle was applied
vto the observed depth, Velocities were then measured at 8/10 and'2/10,
the corrected depth at this location., This procedure was followed on
each station as the observations progressed across the range. The
notes were computed whlle the barge was being reset for the next obser-~
vation.

(g) The procedure followed by the United States kngineer
Department was as follows:- Tiumediately before velocity measurements
were started, the cross section was sounded with a M.R.C. Sounding Reel

|
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from aboard the pushboat Three eoundmgs were obtained at each |

+ fifvy-foot station on the range =< one about, twenty=five feet above
the range, one on the range, and one asbout twenty-five feet below |
the range.. The mean of  these three soundings was recorded for the;
depth at that particular station, - Upon completion of the soundings,
the veloeity: measurements were then obt,ained at approximate one

. hundred—foot 1nterva.'ls across the range. , :

~ (h) Iri the field, the time required to complete a meas~
urement was the only disadvantage noticed in. the méthod employed by o
the United States Geological Survey. It was readily seen that in | et
order to fully develop the dross-section, twenty-five to thirty sta~
tions across the range were required. For each. station it was- ‘neces-
sary to re-anchor the barge, which operation during the extreme high
stages and with the meke-shift floating equipment, required about -

- twelve minutes, In addition to this time, there was five minutes _‘
timé required at anchor, to obtzin the sounding and velocities on
each station. In the completion of a measurement consisting of sollne
twenty-five or thirty stations, appradmately eight or hine hours I '
time was required, ' If the river stage, during the observation was

~ changing at a modera Je rate, it would then be necessary to apply 8
" correction, for change in stage, to the complete measurement, Hcm‘l
ever, it must be understood that the equipment of the United States
Geological Survey was designed to opdnate from a portable one-man

srigging on a bridge deck and not from a hm.tge in the river.

) (1) On June 3, 1935, vertice.l curve observations were made - -
D by the United States Engineer: Department. During the:observations); .

. difficulty was encountered i \1cmering the meter beyond a depth of] -
twenty-five feet, with only s enty-five ‘pounds of weight ‘attached,
More meter weights were attachediuntil a.‘total weight of two' hundrled .
pounds was tried. While anchored)in forty-six feet of water it was.

. . found that in order to rest the méter within cne foot of the: ri\pe
. bot.tom, it was necessary to,play out fifty—nine ‘feet .of "the sup rh-
ing cable. At this depth the angle of drift of the: weights .and. me%ek
was measured.at forty degrees. Sir ce the cable’ described a curve
under water instead.of a straight line, it was imposaible at the time
o : ‘to arrive at a true corre ionnto be" applied to the line, - The . ob:]ec-
g tive. then wWas the design of e pment that ‘would: reduce the angle of
S drift of the weights and metef's, - _

In ‘order to accomplish this end, a bullet-shaped meter: weigm: o
was designed by the Mechanical Design Section at the United States|
b.ngineer Depot. In addition, two 'of the stra.p' type 'met.er staffa (1/
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‘with this new equ:.pment (811 of which is now stored at the 2nd |
|

bottom,. the angle of drift was measured at only four degrees.

'sage of a volume of water is considered.

‘ities it is suggested that instead of obtaining velocities at regular
_four-foot intervals on each station, the velocities be obtained at
~. intervals equivalent to each one~tenth the depth at the station when
' the depth is greater than twenty feet. When the depth is less than

1 -
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were designed by the undersigned; one to accommodate one meter

. for vertical observations (See Fig. 3 & 4), and one to accommo- :

date two meters for regular observations (See Fig. 5 & 6). A
new steel supporting cable of 5/32" diameter (breaking strain
of fourteen hundred pounds), with an electric conductor core

was obtained for use with this new equ:.pment.. .Tests conducted

Field Area office), gave the desired results.. In forty-five
feet of water, with the meters resting within two feet of the

It has been calculated that tiis new equipment had approxmatelm

fifty-two per cent less resisting sur'face than the old type } \

equipment . . . ‘ T \
|

3, In conclusion, sugigestions for changes in equipment

_and procedure of procuring soundings and velocity mea.surements .

follows— : '

[ ; . . |l

(a) ° Eaguipmen .,’ A;complete change to the newly designed .
velocity equipment, as Bhdwn Figures 3 to 6 inclusive, in addition I
to a newly designed barge fw:. h power ‘equipment for handling an anchor

and "A" fremes with small bu /'‘easily operated reels attached, could

be used to a great advantage in meking discharge messurements,

(b) _S_o_uil_d_i_._!}g. Take soundings for the cross-section with
a M.R.C. sounding reel on a line parallel to the flow, from a
pbint one hundred feet above the range to a point one hundred feet
below the range, obtaining about eight or ten soundings while the
boat is drifting with the current over this course. Eaech set of ‘
soundings should be taken at intervals of approximately fifty feet
across the range in order to get a well developed cross-sectlon.i

~ If a study of computations was made it is believed that it would

be found that' the least sounding obtained by the above method on; .
each station would prove to be the controlling depth when the pas-

(c) Velocity Measurements. Vhen measuring vertical veloc-

.

v
o
To
3
BN
el
Vi

twenty feet, obtain velocities at each interval equal to two-tenths
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. v ) . .
the deoth at the station. Bracket, with vertical velocity curves,
each five~foot interval of gauge height, and from these vertical
velocity curves, compute a depth at which to obtain the mean veloc-
ity during the time the stage is between these brackets. This
procedure would require a study over a periad of several years,
yet the result would be beneficial in view of the fact that it
. would not only make observation and computation of the regular

measurement much easier, but would furnish the Department with-
accurate data. Provided the above suggestions are used, satis-
factory and accurate measurements could be obtained by only four
men in the field.

Submitted by: Lowell C, Oheim /s/:
Lowell C. Ohéim |
Surveyman

Enel: 6 photographs
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o 1 Docomber 1948
m ’
Stresm Discharge, ¥isaissippl River, Vieinity Alton, Illinois

l. Polloming is an attempt to recomstruat the comparison of Nississippl
River discharge messurcoments between the U.8.G.S. and U.8.E.D. (2nd Pleld Area)
during the pericd Sept. thru Dec, 1938,

The undersigned was on assignment to the local U.5.G.8. Water Resowrce
Off'ice, during the period late August thru December 1839, in accordance with
agreement between the Dist. and U.5.G.8. on the joint stream gaging program.
During the periocd the U.8.0.5. party (ths undersigned a member of tie party) was
taking weekly observations from the Alton R.R. Bridge or from skiff opsrating on
river-gpanning tagline while U.3.E.D. party was taking daily observations from
Survey boat hanging on anchor=-line. A comparison of early results obtaiped by the
two parties was made by the undersigned and in general the U.S.E,D. discharge
appearad excomsively high. It was realized that lateral movement of the U.S.E.D,
boat might give some sdditional inorease in stream dischurge but it did not sppear
likely that the error could approach figures obtained. The U.8,E.D. party were
using "Large Price" meters snd the U.5,0.5. were using "Small Price” meters; it was
thought some error amight be here. In discussion with P.,N. Ashlogk, Area Engineer,
it was egreod that the U.S5.E.D. party under R. Vierling would drop down from the
usual range in vicinity of mile 201.5 to the U.3.0.8. range at approx. mile 198 for °
three concurrsntly run measurements om 20 Oot., 27 Oot., and 3 Nov.

On 20 Oct. the U.S.G.83. party ueing skiff and tagline and "Small Price™ meter
and the U.S.E.D. party using Survey boat hanging on anchor line, and, "Large Frice"
metar and working approx. 100 £t. below the U.S8.G.8. tagline made sonmcurrent obser-
vations. The U.S.G.S. party took approx. 50% more velooity seotions than did the
U.S«E.D. party. Approx. difforence between results of two measurements was 103%.

On 27 Oct., at the smme looality as 20 Octe., both parties again ran conowrré,
neasurenents; the U.S5.G.5. procedwrs was unchanged dbut on this date the U.S5.E.D.
sarty hung on the tegline with bow of the Survey boat; boat was free to swing and
with the discharge equipment operating approx. midway of the Jurvey boat (spprox.
15 £'t.) some lateral movement during messurement ccouwred. Difference in messwe-
ments was reduced to loss than 3% by this change in procedurse.

On 3 Nov,, sams place, smms prooodure sxcept distance betwesn tagline and
discharge equipment on the U.5.E.D. Survey boat was redused by approx. 4 ft. the
difference in discharge was further reduced to losa than 2jA. _

On later dates the U.8.E.D. party returned to its old range with the realiza-
tion that lateral movemont of the boat during periods of observation gave highly
inaccurate results. A procedwre in which the motorboat was kept in gear at idling
speed and the operator attempting to counteract lateral movement of the unit by
shifting the rudder was found to bs somewhat effective as later results showed.

2, It is to be realized that ths results of such a short trial csnnot be
considered conolusive, however it is thought that the results are indicative of

causes of error dus to methods wsed in the determination of stresm discharge
quantities.

A. E. FEDLER,
-l - Chief, Surveys Branch

s s b [ LA 5,
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