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FOREWORD 

Results of model studies and comparison to prototype behavior of 

trapezoidal measuring flumes are presented in this report. These flume~ 

are designed for flow measurement in steep mountain streams. The study 

was conducted for the Rocky Mountain Forest and Range Experiment Station 

in collaboration with Marvin D. Hoover, Chief, Division of Watershed 

Management Research. The study was under the general technical and 

administrative supervision of A. R. Chamberlain, Chief of the Civil 

Engineering Section. The cooperation of the Agricultural Research Ser-

vice, Western Soil and Water Management Research Branch is also acknow-

ledged. 

The design for the flumes was one which was developed earlier in 

the Hydraulic Laboratory, Colorado State University, Fort Collins, 

Colorado. The present model study was for the purpose of a better 

understanding of the field operation of the device. Field measurements 

were also used as a basis for determining the necessary operational 

characteristics in the model. 
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TRAPEZOIDAL MEASURING FLUMES 
FOR DETERMINING DISCHARGES IN 

STEEP EPHEMERAL STREAMS 

by 

A. R. Robinson 

HJ'l'H.ODUCTION 

During 1956, model tests were made of a trapezoidal flume for the 

measurement of flows in steep mountain streams. Special problems which 

were encompassed were the measuremen·~ of a large range of flows, flows 

with heavy sediment and. debris J.oads, and. flow regimes which might be 

super-critical, sub-critical or in the transition zone. 

Based on the recor.nnenda tions derived from this study, several of 

the structures have been built in the field by the Rocky Mountain Forest 

and Range Experiment Station and have been oper.J.ting. A number of field 

measurements of discharge have been made . Further model studies were 

initiated during 1958 and observations were made based on the field 

measurements . 

This repo1·t is intended to correlate the results of the model 

studies and field mee.surements e.nd to make recoill!llendations relative to 

future field measu:cements a.nd to the general operation of the device. 

MODEL STUDIES 

The raodel vihi~:1 vm.3 s tucied during 1956 has been reported by 

Chamberlain (1). This model \o.'a.s '.:milt on a '1 :7 scale ratio at a 5 

percent slope ar..d t h.a a.pproac ~'l conditions were varied to simulate the 

expected field conditions , T:1e flume sidewalls had a 30-degree slope 

from the horizontal with the approach channel sidewalls at 15 degrees . 

There was an abrupt transition consisting of a vertical wall between the 

channel and upst~eam end of the flume for the adopted design . 
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Calibration data vJere obtained for three roughness conditions of 

the upstream channel, i.e . (1) no roughness in the plywood approach channel 

which was 12 feet 1ong, (2) 1-inch square pieces of t-inch plywood nailed 

to the channel on ~ .. - inch centers and (3) 1-inch square pieces of 3/ 4-inch 

plywood on L;.-inch centers. 

The :cecor.-Jl'cended design from this study (fig. 1) was used for the 

more recent ::nodel study . This raodel \·Tas built to a 1 :6 scale ratio and 

installed :7-n a rectangular channel \.rhich was 4 feet wide. As in the case 

of the field installations , the structure was placed on a 5-percent grade. 

The approach chan.."lel ;.ras ve.r·ied from the 4--foot rectangular section to 

one which he.d sidm.'e.lls at 30 degrees from the horizontal to another 

where the sideHalls ware at 15 degrees. In the latter two cases, the 

bottom slope \..'as 5 percent and the width of the flat portion was the same 

as the flu.:m3 entrance sec <:.ion" 

The approach conditionG for the measuring flume were varied over a 

wide range. For one case, a very abrupt transition was simulated by 

merely using t he 4-foot '~ide ch1mnel as an approach. In the case of the 

channel· uppr0ach vri th 30-d.e ;?,ree sidovJalls, there was no transition into 

the meas m·i .t).g structure since the channel had the identical shape of the 

entrance to the flt:!ille. The only condition tested with this installation 

was that of o. smoo ·;}1 channel. For the approach channel with sidewalls at 

15 degrees, the1~e ·n.s abo 2.n abrupt transition into the measuring flume 

but to a l esr,er ext<n ::. t hc.n '.·Jhon the 4-foot wide rectangular channel was 

used " For thi s cor.J.h .io::1 fou:..· deg:r·ees of roughness were used. These 

connisted of (1) a s.rr;ooth channel, the others of strip roughness t inch 

high and 13/16-inch wide placed transversely across the bottom and sides 

at (2) 3-13/32·- (3) 6-13/16- and (4) lOt-inch spacings. 
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The flows were measured by calibrated orifice or venturi meters 

in the pump discharge lines. The depths were measured by a traveling 

point gage, both of the Ha.ter surface in the flume and in wells connected 

to piezometer openines. 

FIELD MEASUREMENTS 

A number of discharge measurements have been made by Forest Service 

personnel on the field installations. These measurements have primarily 

utilized the velocity head rod with a few measurements being made with 

current meters. Flows ranging from 0.1 to 31.0 c.f.s. have been measured 

with most of the higher flovTS being measured at one structure. The 

meastrrements were made in both the upper (approach) and the lower (throat) 

sections of the fl~~e. 

The velocity determinations Here all made across the sections over 

the portion above the horizontal floor. Attempts at measurement over the 

sloping sidewalls have not been successful. The discharge was determined 

using an average velocity as determined by these measurements . Several 

methods were used in Getermining the mean velocities in a vertical plane 

by use of the current meter. A tht'ee-point method with velocities 

measured at 0.2, 0.6 and 0.8 of the depth from the surface was commonly 

used. 

ANALYSIS OF DATA 

For this rep0~t all of the data is presented in terms of the proto-

t ype or f ieJ.d ctrc:.c t:re" ::<'o::- tl~e different models this relationship is 

1_:6 Hod~J.. 

dp = 6 dm 

Qp = 88.18 Qm 

1 :7 Model 
dp = 7 <\n 
Qp = 129.6 ~ 
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where d is the depth at a given section and Q is the discharge. The 

subscripts p and m denote prototype and model. 

In the original study of this structure it w~s thought that super-

critical velocities might exist in the approach or upper section of the 

measuring flume f:~· :c all flows. That this exi sts for the lower range of 

flows is shown on Fig. 2 vrhere the depth in the upper section is plotted 

against the discharge. Sho\m on this figure is a line which is termed 

the "Line of Critical Depth" . This vias determined from the equation 

(1 ) 

which is the relati onship for determining the approximate critical depth 

in a trapezoidal section. The i·lidth of water surface T and the area A 

are both functions of t he aepth and g is the accelerRtion due to gravity 

(32.2 ft. per sec . 2 ). When a point fallG oelm11 this line, vJhen plotted 

on Fig. 2, the velocity is su:;::>er-critical and sub-critical when the point 

is above. 

It should be noted f1·om Fig. 2 that the data for the field measure-

ments i ndicate tha t t~e velocities for the lower dj.scharges are in the 

super-cri t ical range. At about 5 c.f. s . there is a transition zone 

extending t o 8 c . f. s. vrhere th2 veloci ty changes to sub-critical. Beyond 

this point the 7eloci ·::.ics re.n3.in sub- cri tical to the maximum measured 

discharga of 30 c . f.s. All of the hieher flows were measured on the same 

watershed . 

The veloci ti0s in t~1e upper section wore all in the super-critical 

range fo:· t he tests on the 1 : 7 model. The same i s tn'.e for the series 

with smooth Qpproach channels for the 1:6 model. The lowest velocities 

in the u.pper section vrere noted for the 1 :6 model with an abrupt transition 
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from a 4-foot v1ide channel. The 1 :6 model with a 15-degree approach 

channel and strip roughness gave velocities which were sub-critical 

throughout the testing range. It was not possible to extend these data 

to the lower prototype flows because of increasingly important boundary 

effects in the model. 

From Fig. 2, it is noted that the 1:6 model with 15-degree trape-

zoidal approach channel and roughness strips at 3-13/32-inch spacing 

more nearly represented the prototype conditions. Here the velocities 

were sub-critical in the range above 8 c.f.s. and the relationship is very 

near that for the field measurements. It would therefore seem that these 

data could be used to extend the rating curve for the prototype structure. 

Since the field structure is not likely to be affected by submer-

gence, the depth at the center of the throat section has been used to 

determine a rating curve for the flume. This is the point at which the 

intake pipe to the recorder well is attached. Fig. 3 shows the relation-

ship using the depth at this point. As v!Ould be expected, the flows from 

both prototype and model are in the super-critical range in this section, 

The magnitude of the velocity in the upper section a~fects the relation-

ship in the lower section. The 1 :6 model 1..rhich indicated super-critical 

velocities in the approach section for the cases of smooth, trapezoidal 

approach channels had higher, super-critical velocities in the throat · sec-

tion tha:1 the ot ::.er cases . The relationship of t.he 1 :6 model with smooth 

30-degree t~~pe ~oical ap~~oac~ section a:1d t~nt for the 1 :7 model with two 

different types of roughness corresponded very closely when the depth in 

the upper section ,.,ras used. The relationships vl9re not the same when the 

lower section depths were used. This difference cannot be explained at 

this time. 
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A provisional rating curve for field use has been developed and is 

shown in Fig . 4. For flows less than 10 c.f.s. the relationship was deter-

mined from a curve fit to the field data shown on Fig. 3. The 1:6 model 

results with 15-degree trapezoidal approach channel and roughness strips 

at 3-13/32-inch spacing was used to determine the prototype relationship 

for flows greater than 40 c .f.s. Between 10 and 40 c.f.s., the relation-

ship was determined by interpolating between the model and prototype data. 

COMMENTS AND INTERPRETATIONS 

It is interesting to note the effect of geometry and roughness of 

the approach channel on the relationship of depth and discharge. A 

fairly good correlation was noted between the prototype measurements and 

the results from the 1:6 model with roughness in the approach channel. 

Since the field measurements for the higher discharges were all made at 

essentially one location, it is possible that slightly different rela-

tionships may be found at the other locations with different upstream 

conditions. 

Some uncertainties exist as to -the ~ccuracy of the field measure-

ments. This arises from the fact that the velocity measurements are 

made over a relatively small percent of total flow area (for large flows) 

because of the difficulty in measuring over the sloping sidewalls. The 

average velocity from the ID8asurements made at either edge of the hori-

zontal floor vras assumed to apply over t he triangular areas. For those 

measurements ma.de in th9 lov:er section, this assumption is probably 

valid since it uo.s fou..11d from pi tot tube measurements in a similar 

model that the velocities were almost uniform across the section. 

Fairly large errors are likely to occur if this method is used for 
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measurements in the upper section near the upstream end of the structure. 

It has been observed in both the model and prototype that large eddies 

and vortices occur in this area due to curvilinear flow and separation 

around the upstream edges. For this reason measurements made in the 

upstream section should be near the beginning of the transition section 

(see Fig. 1) . 

Measurements in the laboratory utilizing the velocity head rod 

gave results which might indicate that velocity determinations made in 

the flume with this device are doubtful. A maximum variation of +12.5 

percent in the discharge as determined by the velocity head rod in the 

upper section and that determined by an orifice was noted. This vari-

ation when used in the lower section was -12.2 percent. Wilm (2) 

pointed out the limitations in using the rod when the velocities are 

super-critical. These results would indicate that the device should not 

be used in the lower section, since the velocities are definitely super-

critical. 

It \oJOuld seem that the current meter method would be more desirable 

in making discharge measurements and that the integration method be used. 

In this method (3) the meter is slowly lowered and raised between the 

water surface and the bottom several times. Using this method would also 

simplify the measurements on the sloping sidewalls since the meter does 

not remain fixed. 

Super-critical velocities which exist in the upper section at the 

lm.,rer flo \oJS are probably dt:e to the slope of the floor of the structure. 

When the discharge reaches 5 c of.s., the throat begins to act as the 

control so that the flow changes to sub-critical in the approach section. 
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From studies of other models it Has fo und that s imula ted deposits 

of material to depths of 6 t o 8 i nch8s in the upstream se ction of the 

measuring flume would havo a n0g1igi ble effect on t he r ating curve. This 

was true whether one-half or all of t he f loor a r ea wRs covered. 

Model resul ts i ndi cate tha t t he water depths as ac t ual ly measured 

in the lower s ection and tho s e a s indicated i n the r ecorde r vJell mBS' not 

closely correspond . This is duo to separa t ion and high velocities past 

the upstream ade;e of the t hroc;.t s0c tion. 'ihe deptho \.;i l l a l ways be lower 

in the r ecor de1.· \·:ell du<J to t hi s occ L-:.rrenc'J . The int ake pipes to the 

recorder Hells shouJ .. d ahiay s o ~ :::'lu.:h ui -~-h t he Pid8S of the measuring 

flumes. Any protru::.; io.r. cr C: iscontind t y in ·this vici ni ty will affect the 

water level in th0 \·ml J .• 

Based on the model s tuci.ies a.r.d a n exe..mir...:1tion of the field discharge 

measuren:ents .? the foJ.J.O\dl:.:_; . ecoi~.ffi9i1d a tio:1s o.re m3.d.o regarding future 

field measureme~ts. 

(1) Eo.ch str·u::: t uro &b..JrJG. bn c?..ccu .. r ately mes.sur ed t o determine the 

(2) The ·;cl oci t y he::.::l 1·od chouJ.d no'~ be used i n the lower section. 

If necn:::r:o.ry, i -~ coL1.1u bo :..:s c,rl i n t ho ;,;,pper s ecti on but the 

(3) The int czr.?:L:Lon m.::- :~hod u=~-ng t :1o cur :cc nt meter mi ght give 

::uo:~·c a ccc.:.:.'<J. t·3 rc ::c.·.l t ,, !".. c'l:l olL~inG. ts sc~~e of the d i fficulties 

(4 ) Dupl icu. te flou r.2c.::.su:cem.:::n ts shou~ d ba m:;!.dc where practicable. 
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(5) The measurement of higher flows are needed as well as the 

measurement of these flows through different flumes. The 

range of 10 to 40 c.f.s. is particularly important since 

there are uncertainties in this area in defining a rating 

curve. 

(6) Measurements in the upper section should be made 9 inches 

upstream from the beginning of the transition section so that 

the depths can be better correlated with the model.. In the 

lower section, these measurements should always be made in 

the center of the section, directly in line with the outlet 

pipe. 

(7) The water depth in the recorder well referenced to the eleva-

tion of the floor at the outlet pipe should be noted before 

and after a discharge measurement is made. 

SUGGESTIONS FOR FUTURE STUDIES 

The need for further field measurements on existing structures has 

been previously discussed. The following are items which need :further 

study in the laboratory. 

(1 .) Models of larger sizes need to be constructed and tested. 

Plans f~r the possible construction of a 1:2 model are being 

made. 

(2) A simplified transition for the entrance to the flume needs 

to be developed so as to minimize the eddies and vortices 

which form in the upper section .• 

(3) Instrumentation which would replace the recorder well is 

needed. 
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