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PREFACE 

The Engineering Research Center pictured on the cover of this report was dedicated 
in 1962. It is located just four mile s wes t of the main academic campus which i s in the 
City of Fort Coll in s , Co lorado, in an area now called the Foothill s Campus of Co lorado 
Sta te University (CSU) . The Foothills Campus has long been devoted to research activity 
of CSU and the construction of the building complex of the Center was necessitated by the 
expanding research activity in the College of Engineering. These activities i nclude all 
phases of research in fluid mechanics, hydraulics, structures , sanitary and env i ronmenta l 
engineering, ground water, water resources, hydrology and meteorology. All research i s 
integrally related to the academic functions of engireering educat i on at CSU and is parti­
cu lar ly devoted to graduate education and training . 

The f aculty associated with the Engineering Research Center frequently as s ist pr ivate 
corporat ions, indiv i duals and groups, domestic, as we ll as fore ign government agencies in 
solving a wide vari ety of complex problems. The resource of knowledge in the co ll ect ive 
body of the faculty here is considerable, and it i s the purpose of this University, (as it 
sure ly is in all unive rsities) to make this resource avai lable to service the community , 
the nati on and the world. 

The builidngs which make up the physical complex we ca ll the Engineering Research 
Cen ter are: a hydrauli cs laboratory which houses various s i zes of sma ll and large re­
circ ulating flume s , a fluid dynamics and diffusion laboratory which conta in several wind 
tunne l s including a recirculating water-wind tunnel combination and a high vacuum chamber, 
a hydro-mechanics laboratory wit~ capability for discharges to 100 cfs and pressures to 
400 ps i (with smal ler discharges), a structu res l aboratory, an outdoor hydrology-hydraulics 
facility, several small er so il s and san itary engineeri ng laboratori es and a large off ice 
building which houses the faculty. A short distance away from this comp lex is an atmos­
pheric science building and an atmospheric simulation laboratory. 

The various activities are too numerous to detail here but are outl ined in other 
brochures pub li she d by the University. Those who wis h to obtain more descriptive infor­
mation may write to the Office of the Dean, College of Engineering, Fort Co ll ins, Colorado. 
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WEST MESA INTERCEPTOR ENERGY DISSIPATOR 

NEAR ALBUQUERQUE, NEW MEXICO 

MODEL STUDY 

SUMMARY 

There were three energy di ssipators modeled in 
this study to deve lop a set of acceptable structures 
for the hydrau li c conditions present. The initi al 
design, labelled Design A, is a solution for discharges 
to 25,000 cfs in an approach channel 70 feet wide . The 
design includes primary, secondary and tertiary basins 
to successive ly dissipate ki netic energy and to spread 
the flow into the Rio Grande. The total basin is 335 
feet l ong from the tJe of the chute to tertiary end 
s i 11. Design B bornws much of the fundamenta 1 con­
ce~t from A, but all ows for possible stagi ng of con ­
struction in conside ration of increasing urbanization 
of the drainage area . The principle difference is 

allowance for flow overfa ll from the si des of the 
prima ry basin. The tota l length of the arrangement is 
240 feet in comparable di mension to that for Design A. 
Design C results in a single stilli ng basin from a 
chute that is now narrowed to 40 feet, and allows for 
considerable overfall from the sides after a second 
stage in construction . Th e basin is 220 feet long but 
the walls are 60 feet high during first stage, which 
are reduced to 43 feet after the second stage. All 
of the design s are workab l e. There may be some pre­
ference hydrauli cally to Design A or B but the selec­
tion among the three rel ie s heavily upon economic 
evaluation . 

INTRODUCTION 

Background 

A system of charnels is proposed to intercept 
flood runoff waters from an area located west of the 
City of Albuquerque, New Mex ico. The area i s under 
rapid urban development and an overall scheme for con­
trol of flood waters is viewed a necessity for respon­
sib le planning. The fully developed channe l network 
will be capable of collecting a total discharge of 
approximately 25,000 cfs. This network will be con ­
structed in stages, hen ce maximum flood discharge will 
increase by stages until ultimate development i s com­
plete. The schedule for completion will be dictated 
entirely by need. 

The channe l netwJrk wi ll te rminate at the Rio 
Grarde with a st ructu re (energy di ssipator) which will 
control the ve locity of the co ll ected flood f l ow 
(therefore the energy content of the flow) before 
entry into the river to be compatible with the sandy 
composition of the river bed and banks of the Rio 
Grande. The structure must be designed to dissipate 
considerable ki netic energy, as the flow in the chann_el 
approaching the river will be s upercritical and addi­
tionally, a drop in l evel of appro xi mately 100 feet 
exists at the bank of the river. The energy di ssipator 
must be located on a portion of the river flood plain . 
The ;andy subso il and the high water table there make 
it economically sensitle to construct any structure 
above present ground level. For these reasons and also 
because of the loose sand which constitutes the banks 
of the Rio Grande at the location of concern, the 
choice from various alternative energy dissipators are 
reduced to cons ideration only of a hydraulic jump 
basin. In as much as the river level may rise and 
hence widen dur ing heavy rainfall, it is desirable to 
keep the length of the basin as short as possible. 
Eventually, when the floods of the Rio Grande are under 
full control by variou; upstream and tributary flood 
regulation structures, rise in river level will be 
minima l and the constriction of the river section 

impose d by the hydraulic jump basin s tructure will be 
of no concern. 

At the re~uest of Gordon Herkenhoff and Associates 
of Albuquerque, New Mexico, a hydraulic model study was 
implemented to establish an effective energy dissipator 
for the sys tem. The study was undertaken at the 
Hydraulics Laboratory of the Engineering Research 
Center at Co l orado State University. A portion of the 
channel network and requisite location of the energy 
dissipator are shown on the location map of Figure 1. 

The Energy Dissipator 

There were many factors to be considered in the 
design of the s tilling basin. The two established 
criteria were maximum flood discharge of 25,000 cfs 
and velocity of flow into the river to be acceptable 
with regard to scour of the river bed. To meet the 
first of these criteria and to accomplish the second, 
the energy dissipator was designed with a primary 
basin, a successive secondary basin followed by a 
tertiary "spreading-flm~" section. The dimensions of 
each ba sin and the aggregate arrangement are shown on 
the drawing of Figure 2. It was assumed for thi s 
design that the inflow channe 1 width was 70 ft wide, 
although the final width i s contingent upon hydraulic 
and economic analysis of the total system. 

The pr imary bas in was calculated to be 120 ft 
long with an end sil l (actually a sma ll dam) 25 ft 
high. The s ide walls of the basin were expanded at a 
1 ongi tudi na 1 to 1 atera 1 ratio of 4: 1. This spread in 
the basin width was needed to keep the sequent depth 
of the hydraulic jump, Y2 , to a minimum. Even so , 
the velocity of flow over the end sill of the prima ry 
basin would be too large to discharge directly into 
the river. Hen ce, a secondary stilling basin is 
estab li shed to reduce the energy of the flow sti ll 
further . This basin is 60 ft long, with an end s ill 
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8 ft high. Finally, the spreading apron or tertiary 
sect ion follows in an attempt to spread the flow to 
further reduce vel ocities. 

Objective and Scope of the Model Study 

The princi ple object ive of this study wa s to 
design and de velop a hydraul i c jump sti lling basin 
wh i ch would satisfactorily dis sipate the ki netic ene rgy 
of the f l ow from the collect ion channel network; fur­
ther to allow flow into the Rio Grande at s uch veloci­
ties t hat excessive sco uring would not ta ke place . To 
i nsure satisfact ory operation of the basin, a la rge 
range in disch arge was ut il i zed , keeping foremost i n 
mind that max imum discharge of 25,000 cfs would be 
realized only afte r ultimate development , and there­
fore that staging in construction and/ or operation 

might be desirable. The foll owi ng were then of 
specific interest: 

l. St udy the bottom shape of the channel at the 
crest of the river bank (station 1305+00) so 
th at separation or cavitation woul d not occur. 

2. Develop a hydraulic j ump sti lling basin to 
dissipate the substantial ene rgy contained by 
25,000 cfs. 

3. I nves ti gate a two-stage development of the 
basin initially for flows of about 16,000 cfs, 
then ul timately for 25 ,000 cfs. 

4. Provide that velociti es from the basin into 
the river be sufficiently l ow to prevent 
excess ive scouring. 

THE MODEL 

Model Sca les 

Scale models of hydraulic structures are utilized 
to assist desi gners with prob l ems wh ich cannot yet be 
sol ved with mathema tical exactness . Such models are 
constructed with gui dance from certain bas ic physica l 
model l aws . Primarily, dynamic and kinematic s imi­
larities must be established and maintained between 
mode l and prototype (the actual fi eld struct ure) if 
t he mode l is to be useful to predi ct prototype perfor­
man ce. Dynamic si mi larity means similarity of forces 
assoc i ated with t he flow whi le kinematic simil arity 
relates to mot ion, i.e., velocity and direction of 
fl Ovl. 

Fundamentally for this problem the Froude number, 
a parameter relating the inert i al force to the gravi­
tational forces, must be the same for model and proto­
type t o insure both dynamic and kinematic similarities. 
There are many model-to-prototype scale ratios which 
pertain to homologous units. There are ratios which 
relate geometry, and fluid and flow characteri stics . 
Genera lly with models of hydra uli c structures , the 
same fluid is used in the mode l (water in this case) 
as will be flowing through the prototype. Thus the 
scales for fluid propert i es are established. It is 
nece ssa ry then to select only one other sca l e ratio. 
It is customary to choose the length sca le as the 
independent ratio, consistent with physical model s ize 
and compatibil ity with laborato ry equipment and space . 
If considered casually, it wou l d seem that the larger 
the model the better the similarity. However, the 
cost of construct i on and operat i on of a model rises 
exponentially with size, hence we rapidly reach a size 
of dimin i shing effective return. 

With due consideration to al l of the foregoing, a 
select i on of the length scale (Lr) (all scales refer 
model to prototype) , of 1: 30 was made, f rom which it 
follows that the time sca le (tr), is 1:5 .48, the dis · 
charge scale (Qr ) is 1:4932, pressure sca le (pr:) is 
1:30, and channe l roughne ss scale (nr) is 1:1. 16. · 

Model Construct ion 

The genera l arrangement and assemb ly of the mode l 
are shown in Fi gure 3. The water is supp li ed to the 
head box by a 14-in. turbine pump. The discharge was 
regulated by a by-pass valve near the pump and a con ­
trol valve near the head box. Within the head box, 
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baffles and screens create uniform distribution of 
f l ow and damps all surface di sturbances. Discharge 
from the model was collected into a weir box at the 
end of which was a calibrated triangul ar weir. The 
we i r was used to measure the discharge whi ch flowed 
through the model. The water then passed into a s ump 
underlying the laboratory, thus forming a recircula­
t ing system. 

The model was constructed of good-grade lumber 
with t he walls and floors coated with polyes ter resin 
to form a smooth water-proof finish. The vertica l 
curve in the channel floor, at the river bank, station 
1305+00, was rolled from 1/8-i n. aluminum sheet to 
form an accurate smooth shape. A photographic view of 
the finished model is shown in Figure 4, with more de­
tailed views in Figures 5 and 6. 

The baffle and floor bl ocks of the sti ll ing basin 
were constructed from suga r pine and coated with po ly­
ester resin (s ee Figure 7) . Several of the blocks how­
ever, particu la rly for Design C, were constructed from 
clear acry lic plastic blocks into which piezometers 
were l ocated to measure pressures . Press ure measure ­
ments were necessa ry to determine magnitudes of nega ­
tive pressures as indicators of potentia l cavitation 
as we l l as positive press ures for total forces on the 
bl ocks . Read i ngs of pressures were made with standard 
water manometers; a bank of which i s shown in Figure 8. 

Severa l modifications to the ori ginal design were 
developed during the course of this study, fundamen­
tally as a resu l t of change i n the approach channe l 
wi dth. It would be informative to follow the chrono ­
l ogical de velopment. 

l. The original hydra ul ic jump bas in design is 
referred to as Design A. The dimens i ons and 
cond iti ons which l ed to the design have 
already been descr i bed. 

2. The next stilling basin, Design B, was 
arranged to take hyd raulic and perhaps econo­
mic advantage of gradual growth of the col ­
lection network in the development area, 
hence gradual increase of maximum discharge 
into the stilling bas in . It was beli eved 
poss ibl e to establi sh a two-stage stilling 
bas in, the first stage of which would 



FigurP 4. Overall view of the comp l eted model -
Design A. Flow is toward the observer. 

Figure 5. The primary and secondary basins. Note that 
the model wall heights are not intended to 
depict requisite prototype walls. Prototype 
heights are detennined from water depths in 
the basins. 
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Figure 6. Basi n arrangements as viewed from upstream. 

Figure 7. Arrangement of floor blocks in the secon­
dary basill. 



Figure 8. A typical manometer bank to measure 
pressures in the model. 

adequately provide for immediate needs and 
the second to provide for the ultimate dis­
charge of 25,000 cfs. A question arose con­
cerni ng the magnitude of this intermediate 

discharge. After deliberation with the con­
sulting engineering firm (Gordon Herkenhoff 
and Associates) it was established that this 
intermediate discharge should be 16,000 cfs. 
The goal of the second design was then to 
provide a satisfactory stilling basin for 
16,000 cfs, with allowance for some modifica­
tions at a second stage to provide for 25,000 
cfs. The approach channel width remained at 
70 ft. The dimensions of this basin arrange­
ment are more fu l ly described in a later 
section. 

3. A third stilling basin was designed when it 
became desirable to consider the effect of 
reducing the approach channel width from 70 
to 40 feet. The consequence of this change 
would of course be irrmediately registered in 
a greater sequent depth Y2 , hence in greater 
height of the end sill and basin walls. How­
ever, when considered in the light of two­
stage development, with 12,500 cfs at the 
initial stage flowing over the end sill and 
an additional 12,500 cfs flowing over the 
walls of the sti lling basin at the second 
stage, it was not readily apparent that a 
more complex or more expensive structure was 
involved. A model was required to establish 
the results. The details of this basin are 
also described in a later section . This de­
sign is referred to as Design C. A change 
in the intermediate or first stage maximum 
discharge from 16,000 for Design B to 12,500 
cfs for this basin was made. This is of no 
real consequence, but resulted from more de­
tailed studies of Gordon Herkenhoff Asso­
ciates, Inc. regarding the hydrology of the 
drainage area. 

RESULTS 

The hydraulic characteristics of the various 
energy dissipators and components are discussed in the 
order in which they were studied. This provides a 
convenient systematic order in presenting the results. 

Design A 

The channe l width for this design was 70 feet, 
with supercritical flow in the channel approaching the 
river bank. This gives rise to concern of potential 
separation or cavitation of the channel flow at the 
vertical curve located at the top of the river bank 
where the channel drops down to the energy dissipator. 
Pressures were therefore meas ured along the centerline 
of this 150-ft radius vertical curve. There were no 
negative pressures along the f l oor for any discharge 
in the full range to 25,000 cfs. Although the radius 
of t1e curve could therefore be shorter, a different 
radius was not studied in the model because conditions 
other than hydraulic bear importance in the determina­
tion of this curvature. The important result was then, 
that hydraulic characteristics were satisfactory . 

The conditions of flow within the total energy 
dissipator are shown in the photographs of Figures 9 
through 12 for a flood flow of 6400 cfs. The water 
surface in the primary basin is relatively smooth as 

7 

Figure 9. Q = 6400 cfs through the energy dissipator 
as viewed from above the river bank. 



indicated in Figures 9 and 10 and the effectiveness of 
energy dissipation is obvious. The secondary basin is 
similarly effective in dissipating energy and is 
sensed pictorially in Figure 11. The spread of flow 
in the tertiary or spreading basin is assisted by two 
rows of floor blocks located downstream from the end 
sill of the secondary basin and additionally by a l ong 
sill surrounding the spread basin. The sil l in these 
photographs is 2.4 ft high. Energy dissipation 
throughout the model for this discharge is entirely 
satisfactory. 

The depths of flow achieved in vari ous sectors of 
the basin are indicated on a plan view of the total 
arrangement in Figure 13 and are also tabulated later 
in Table 1 for convenient comparison with other dis­
charges. 

In the next sequence of photographs, indicated as 
Figures 14, 15 and 16, the sill surrounding the spread 
basin was increased in height to 10 . 5 feet. The pur­
pose in doing so, refers not so much to this discharge 
of 6400 cfs, but to larger flows as we will see 
shortly. Nevertheless, it is informative to note the 
effect increase in height has on fl ow spread. It 

Figure 10. Q 6400 cfs. A view from the river. 
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should be remembered that the purpose in spreading is 
to achieve low velocities of the flow which enters the 
river. 

The conditions of flow in the model for a flood 
flow of 11,800 cfs are depicted in the photographs of 
Figures 17 through 20. The tertiary basin sill height 
in these photographs is 2.4 feet. As it would be sup ­
posed, the larger discharge creates generally rougher 
water surface throughout. Nevertheless, this design, 
Design A, still offers completely satisfactory per­
formance within the primary and secondary basins. 
Within the tertiary basin however, we see manifesta­
tions of difficulty in Figure 20, where the larger 
kinetic energy of the flow after the secondary basin 
tends to concentrate the flow over the tertiary sill. 
This is suggestive then that the sill height should 
be increased. 

The effects of successively increasing the height 
of the sill is shown progressively in Figures 21-23. 
While in fact, the 5.4 ft sill in Figure 21 is ade­
quate, the si l l was further increased to 8 and 10.5 
feet to complete the comparison with the results of 
other discharges. 

Figure : 1. Primary and secondary basins. Note the 
depths of flow indicated along the wall 
and the relatively quiescent flow within 
the basins. 
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Figure 12. Tertiary basin with Q = 6400 cfs. The 
fl ow i s spread over a tota 1 s i 11 1 ength 
of 400 feet. 
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Figure 13. Flow depths in stilling basin - Design A. 
Q = 6400 cfs. 

Figure 14. Tertiary basin sill height= 5.4 feet. 
Q = 6400 cfs. 

Figure 15. Tertiary basin sill height= 8.0 feet. 
Q = 6400 cfs. 
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Figure 16. Tertiary basin sill height 
Q = 6400 cfs. 

10.5 feet . 

Figure 17. Q 11,800 cfs. View is from upstream. 
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Figure 1e . Q 11, 800 cfs. View is from the river. 

Figure 19. Primary and secondary basins . Note 
increased turbu l ence and aeration as 
compared to Figure 11 . Sti lling action 
is completely satisfactory. 



Figure 20. Sill height= 2. 4 feet. Tertiary basin i s Figure 22. Si ll height 8. 0 feet. Q 11 ,800 cfs. 
s uggestive of inadequate energy dissipation 
the re . A higher s ill is necess ary. 

Figure 21. Sill height= 5.4 feet. Q = 11,800 cfs. Figure 23 . Sill he igh t 10. 5 feet. Q 11 ,800 cfs . 
The stilling action is now adequate. 
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The record of selected water depths in the 
~rimary and secondary basins, and in the approach 
channel are indicated on the plan of the basin in 
Figure 24. 

The following conditions of flow are created 
within the energy dissipator with a discharge of 
15,400 cfs: 

1. The water surface is rougher when compared to 
the preceding flow of 11,800 cfs and the dis­
sipation action must of necessity be greater 
because of the larger energy of the flow. 

2. The primary and secondary basins are com­
pletely adequate. 

3. The tertiary sill height of 2.4 feet is inade­
quate, 5.4 feet is barely adequate and higher 
sills are more effective. 

4. Maximum flow depth in the primary basin is 
about 35 feet and in the secondary basin is 
about 17.5 feet. 

7.7' 7.7' Beginning of 
vertical curve 

3.3' 

. 5' 

lf ~,□ -□ □ □ □ □ □ □ □ ~f 51, El El El El El El El El El 

ElElElElElElElElElElElEl □ ElElElElElElElEl □ ElEl 

.4' 5.0' 

oeecoocccccoBBBBBOCfiBCBCBBBBBBBB6BBBBB 

occccooccrceeeeecreeB ccoeoccccoeeeocccec 

Figure 24. Flow depths at selected locations. 
Q=ll,800cfs. 
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The photographs appropriate to the discharge are 
arranged as Figures 25-31 in exactly the same order as 
for previous discharges. It is suIT111arily useful to 
refer often to the previous photographs in developing 
a gradual appreciation of the effectiveness of this 
design. 

The maximum discharge of 25,000 cfs creates a 
highly turbulent condition in the primary basin as it 
may be noted in Figure 33. The stilling basin is ef­
fective, and the flow which enters the secondary basin 
contains considerably less total energy than that which 
is contained by the flow at the base of the channel. 
This turbulent motion within the primary and secondary 
basins can be appreciated from the photograph of 
Figure 35. In Figure 36, the sill height is 2.4 feet, 
and is insufficient to create an effective tailwater 
depth. As the height of this sill is increased, a 
more satisfactory result is achieved. It appears that 
the sill heiaht needs to be about 8 feet in order to 
provide an acequate tailwater depth. These results 
are pictorially demonstrated in Figures 37, 38 and 39. 

The ~aximum depth in the primary basin is approxi­
mately 40 feet, as noted in the record of flow depths 
in Figure 40. The wall of the basin then should be 
about 43 feet which allows for a free board of 3 feet 
to account for increased bulking of the flow due to 
air entrainment in the prototype which cannot be truly 
reproduced in the model. The secondary basin wall 
height should be about 22 feet when similarly ac­
counted for bulking. 

Figure 25. Q = 15,400 cfs. View is from above the 
river bank. 



Figure 26. Q 15,400 cfs. View is from river level. 

Figure 27. Primary and secondary basins. Water sur­
face i s acceptably smooth. 
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Figure 28. Sill height= 2.4 feet. Q = 15,400 cfs. 
Tertiary basin is ineffective. 

Figure 29. Sill height 5.0 feet. Q 15,400 cfs. 



Figure 30. Sill height= 8.0 feet. Q = 15,400 cfs. 

Figure 31. Sill height= 10.5 feet. Q = 15,400 cfs. 
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Figure 32. Flow depths in stil ling basin - Design A. 
Q = 15,400 cfs . 



Figure 33. Q = 25,000 cfs. Upstream view. (Tur­
bu l ent reg i on of th e primary basin is 
somewhat obscured by overexposure, but 
is nevertheless observable.) 

Figure 34 . Q 25,000 cfs. Vi ew from river l evel. 
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Figure 35. Primary and secondary bas in s . Compare 
with Figu res 27, 19 and 11 in particu la r. 

Figure 36. Sil l height 2.4 feet. Q 25,000 cfs . 



Figure 37. Si ll height= 5.4 feet. Q = 25,000 cfs. Figure 3H. Sill height= 8.0 feet. Q = 25,000 cfs. 

Figure 39. Sill height= 10.5 feet. Q = 25,000 cfs. 
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Figure 40. Flow depths in still i ng basin - Design A. 
Q = 25,000 cfs . 
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Design B 

The principle difference from Des ign A is allow­
ance of limited flows over both sides of the primary 
basin onto a paved floor. The reason for doing so, 
relates to the frequency dist ributi on of large flood 
flows even for the fully devel oped col l ection channel 
network, and more partic ul arl y to stage development 
of the urban area. It was reasoned that the energy 
dissipator should capab ly pas s some intermediate dis­
charge and allow for future maximum discharge of 25 ,000 
cfs with minimal added cos t. If the added cost should 
result in the form of repa ir to damage caused by very 
large di scharges, it was considered fai r risk in view 
of the probable frequency of near maximum flows . As 
explained previously, th is intermediate discharge 1-1as 
established to be 16,000 cfs. That is, the energy 
dissipator sho uld satisfactorily allow 16,000 cfs 
through the primary, secondary and tertiary basins and 
permit approximately 9,000 cfs (4,500 cfs on each side) 
to flow over or through the side walls of the primary 
bas in. 

The des i gn of this basin resulted with the 
dimensions and arrangement shown on Figure 41. The 
primary basin was 112 ft l ong with floor blocks as 
located, and an end sill 28 ft-7 in. hi gh. The side 
wa ll s of the basin flared wider from the end of the 
chute at a rate of 4:1 (longitudinal to l ateral ratio). 
The secondary basin was 44 ft long, and the sill height 
was 7 ft high. The tert iary basin was sligh tly dif­
ferent from Design A in that it accounted for overflow 
from the primary basin. The sill height is 6 ft-10 in. 
The photographic views of Figures 42 and 43 are pre­
sented to show the overfal l arrangement of the primary 
basin. The secondary bas in is shown in Figure 44 and 
the tertiary arrangement in Figure 45 . 

We have chosen to show the results of the model 
tests for two conditions of flow, the first at 16,000 
cfs with no f l ow over the s ides, and the s~cond at 
25,000 with 9 ,000 cfs over the sides. At discharges 
less than 16,000 cfs the basin operated entirely satis­
factorily. A flow of 16 ,000 cfs is depicted in Figures 
46 through 49 . The hydrauli c jump in the primary basin 
is well contained toward the upstream sect i on, the 
secondary basin performs well and the flow spread over 
the tertiary s il l, though non-uniform, is nonetheless 
effective. 

The depths of flow are i ndicated on Figure 50. 
The depths are approximate ly 39 feet and 16 feet in 
the primary and secondary basins respectively . 

The top of the primary basin side wa ll was 
initially set i n the model at a height of 33.6 feet 
from the floor. This was calculated to provide a 
distribution of 16,000 over the end of the basin and 
9,000 over the walls. It resulted that the flow over 
the end sill was somewhat greater than 16,000 cfs as 
determined by the depth of fl ow over the s i 11 . ( Com­
p a re Figures 55 and 50) . It is of interest, neverthe­
l ess, to obse rve the tota l flow at the energy d1ssi­
pator as depicted in Figures 51 through 54. The wall 
height was subsequently reduced to 32.4 feet to obtain 
the prescribed flow distribution through the basin . 
The results of the f l ow at 25 ,000 cfs can be seen in 
Figures 56 through 59 with f l ow depths indicated on 
Figure 60 . Se lecte d water depths through the basin 
are given in Table 2. 
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Although it was intended that this arrangement of 
overflow from the primary basin would allow for 16,000 
cfs to flow over the end sill, the desired division of 
fl ows is not achieved until the ma ximum of 25,000 cfs 
occurs . With the wa ll he ight at 32.4 feet, f l ow over 
the wal l can be expected at f lood discharges greater 
than 10,000 cfs. One method of containing al l flows 

Figure 42. View of the arrangement for Design B 
from above the model. 

Figure 43. Side view of the model for Des ign B. Note 
that s lots in the mode l walls are for the 
conven i ence of the model only . 
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within the bas in until ultimate development of the 
ch anne l collection network is comp lete, is to provide 
"temporary" wall sections that could be removed when 
final development is complete. Thus, the paved apron 
around the primary bas in and the containment walls 
co uld be de fer red to a later stage coincident with 
compl etion of the col lection netwurk . 

Figure 44. The secondary and tertiary basins of 
Design B. 

Figure 45. The spread area in the model downstream 
from the structure. 



Figure 46. Over vi ew of the energy dissipator, 
Design B. Q = 16,000 cfs. 

Figure 47. A discharge of 16,000 cfs through Design B 
viewed from the river leve l. 
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Figure 48. Flow in the primary and secondary basins 
of Design B. Q = 16,000 cfs. 

Figure 49. A view of the flm~ beyond the tertiary 
basin. Q = 16,000 cfs. 
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Figure 50. Flow depths in stilling basin, Design B. 

Q = 16,000 cfs. 

Figure 51. Over view of the energy dissipator , 
Design B. Q = 25,000 cfs. Side walls 
are 33.6 feet hi gh. 
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Fi gure 52. Q 25 ,000 cfs . A view from downstream. 

Figure 53 . Q = 25,000 cfs. There is flow over the 
basin walls. Th e sequent depth is 
adequate. 



Figure 54. Q = 25,000 cfs. The flow s~reads across 
the tertiary sill towards the river. 
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Figure 55. Flow depths in sti lling basin, Design B. 

Q = 25, 000 cfs. Wal l s are 33.6 feet hi gh . 
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Figure 56 . Q = 25,000 cfs. Over view of e nergy dis­
sipator . Side walls are 32.4 feet high. 

Figure 57. Q = 25,000 cfs. Downstre am view. 



Figure 58. Q = 25,000 cfs. Primary and secondary 
basins . Note flow over the wa ll s. 

Figure 59. Q = 25,000 cfs. Fl ow beyond the tertiary 
sill. Note spread of flow. 
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Figure 60. Flow depths in stilling basin, Design B. 
Q = 25,000 cfs. Walls are 32.4 feet high. 
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Ces i gn C 

The design of this stilli~g t,asin resulted from a 
change in width of the upstream channel from 70 to 40 
feet. The economic advantage :if this change, insofar 
as the channel is concerned, might be readily apparent. 
The design of the energy dissipator resulted i n the 
arrangement shown on Figure 61. The concept was 
chanyed slightly from previous energy dissipators that 
were modeled. Instead of prov i ding secondary and ter­
tiary basins, baffl e blocks were pl aced on the down­
stream face of the end sill to diss i pate the ba l ance 
of the energy not di ssipated in the stilling bas i n. 
This was done primarily to maintain the shortest struc­
ture possible. A di vision of f l ows was contemp l ated as 
in Design B, with 12,500 cfs as design discharge for 
the in i tial construction stage to flow over the end 
sill. After ultimate developrrent, 12,500 cfs would 

Figure 62. Completed modification of the channel wijth 
from 70 to 40 feet. 
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f l ow add i tiona l ly over the walls of the bas i n (approxi­
mately 6,250 cfs over each side). 

The concentration of f l ows as a result of change 
in chute width resulted immediately in increased se­
quent dept1 of the hydraul i c jump. This in turn re­
quired, at least for the initial stage, higher (as 
compared to Design A or B) basin walls of 60 feet to 
contain the flow, and a higher end sill of 40.5 feet. 
Fl oor blocks within the stilling basin were required, 
and after a few tests chute blocks were added at the 
channel terminus to create a more effective hydraulic 
j ump. Photographs of the completed model are shown 
with 60-ft high walls in Figures 62 through 65 and 
wi th 43-ft walls in Figures 66 and 67. In the fir s t 
i nstance, the model represents first stage of con­
struction, while the latter model would simulate the 
stilling basin after modification for discharges to 
25,000 cfs. 

Figure 63. The arrangement of floor and chute blocks 
within the stilling basin . Walls are 60 
feet high. 



Figure 64. The baffled face of the end sill of the 
sti lling basin . 

Figure 65. A side view of the baffled end sil l. 
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Figure 66. The second stage of construction would 
include reduction in wa l l height to 
43 feet. 

Figure 67. The resulting arrangement after second 
stage construction. The horizontal bar 
at rijht is only a model convenience for 
flow measurement and is not related to 
prototype need. 



The general flow through the basin for a discharge 
of 12 ,500 cfs can be seen in Figures 68 through 70. 
The stilling basin is over designed for this discharge. 
Rather the tests were made to observe flow over the 
baffling blocks on the downstream face of the end sill. 
The highly turbulent action over the baffles indicates 
effective dissipation of energy there, but gives rise 
to some concern of pressures on the blocks. The con­
cern i s principally of negative pressures, but some 
informati on concerning positive pressures and total 
forces on the blocks would be needed for ,.structural 
design purposes. These pressures were measured at 
selected blocks (chute block, floor block and baffle 
blocks) and at various locat ions within the structure. 
We shal l return to discuss pressures later. 

Figure 68. Design C. Q = 12,500 cfs. Stilling 
basin. There is no al l owance for s idewa l l 
overflow. 
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Figure 69. Design C. Q = 12,500 cfs. Flow down the 
baffled end sill is ruffled, i ndi cati ve of 
effective energy dissipation. 

Figure 70. Design C. Q = 12,500 cfs. Flow fans out 
from the toe of the end sill. 



The results of a discharge of 25,000 cfs through 
the basin are depicted in Figures 71 through 73. The 
events are sunmarily spectacular, but the discharge of 
25,000 cfs is a respectable flow, and the frequency 
(or infrequency) of occurrence must be taken into ac­
count. The very large "boil" above the floor blocks 
in the stilling basin is a manifestation of inadequate 
seq uent depth. The high overfall (43 feet) at the 
sides Jf the basin, while not commonplace for stilling 
basins, can impinge on a well founded concrete pave­
ment without excessive damage. The flow can beef­
fectively spread over an area about 400 ft wide, but 
velocities involved are of the order of 20 to 24 ft 
per sec. Consequently, this area must be underlain 
by paving or derrick stone. Representative velocities 
for 12,500 and 25,000 cfs were measured and are shown 
in the pl an views of Figures 74 and 75. Selected 
depths of flow for 12,500 and 25,000 cfs are given in 
Table 3. Locations of these measurements are indicated 
on the plan of Des ign C in Figure 61. 

Pressure measurements were made extensively in 
'.. .1·is model because the design solution for the energy 
dissipator is considered unorthodox with respect to 
"standard" hydraulic jump basins and it was deemed 
wise to obtain detailed information at critical points 
within the structure and its components. The location 
and labels of the piezometers used to measure pressure 
are identified in the drawings of Figures 76 and 77. 
Pressures are tabulated in Table 4 for discharge of 
12,500 cfs and in Table 5 for 25,000 cfs. There were 
several locations with a potential cavitation problem 
as noted in Table 5. These are at the sides of the 
floor block and is a direct resu lt of the inadequate 
sequent depth as al ready indicated. Again, the fre­
quency of occurrence of this large discharge must be 
taken into account, and the risk and cost of repairs 

Figure 71. Design C. Q = 25,000 cfs. Note large boil 
above the floor blocks. This is indicative 
of inadequate sequent depth. 
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Figure 72. Flow over the baffled end sill. 
Q = 25,000 cfs. 

Figure 73. A view of the spreading flow beyond the 
stilling basin. Q = 25,D00 cfs. 
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Figure 74. Des i gn C. Q = 12,500 cfs. Flow depths 
are indicated in parenthes es. 

must be eva luated accordingly . At all other locati ons 
the negative press ure s were acceptably sma ll. It would 
be well to indicate that even though the motion of the 
flow in the bas in is violently turbulent"-, the pressures 
on t he wal l s and end si ll s are not substa nti al ly dif­
ferent from hydrostatic press ure s . 

Discussion of Results 

The model studies described here have resulted in 
three substantial ly workable designs. Design A, after 
modifications resu lting from the tests, can be effec­
tively utilized, with an approach channe l width of 70 
feet to contain all flows in the full range to 25,000 
cfs. There is effective dissipation of energy in the 
primary and secondary basins and the tert ia ry basin can 
be effectively utilized to spread the flow into the 
river. 

Design Bis adaptable to staging should it be 
desirable to approach the so luti on in that manner. The 
design is fundamentally the same as in A, with primary, 
secondary and tertiary basins, but with provision for 
overflow after a second stage in construction. Admit­
tedly the staging in this instance does not pl ay a dom­
inant role because it would probably be well to provide 
for waters backing up into the overfall region even 

30 

30' -0" 
V:,,20 ft/se c 

30'-0" 

Figu re 75. Design C. Q = 25,000 c-=s. Flow depths 
are indicated i n parentheses . Lateral 
velocities and depths at 60 feet on either 
side of the expanding jet are 22 ft/sec 
and 3 feet respectively. 

for the smal l discharges, if solely for the purpose 
of protecting the foundations of the basin walls. The 
protection at thi s stage could be minimal however. 

Design C provide s for a narrower approach channel , 
40 feet in wid th, and a definite two-stage construct ion 
procedure. The possibilities of some damage resulting 
with very large discharges must be recognized. It is 
i nstructive therefore from this view point to observe 
flo w ove r the side walls of the basin at disc ha rges 
other than the maximum of 25,000 cfs. Photographs of 
tests at 11,800 and 16,000 cfs are therefore included 
as an append i x to this report. Much can be inferred 
from study of these figures and the definitive data 
presented in the preceding sections. 

The recommended dimensions for each of these 
basins are detailed in Figure 2 for Design A, Figure 
41 for D2sign B, and Figure 61 for Design C. 

Hydraulically, there is some pre ference for 
Design A, followed closely by Design B. It is en­
tire ' y appropriate however to recall that Design C 
is based on a channel 40 ft wide while the other two 
are '7or a channel 70 ft wide. So, while preference 
in performance leans toward Design A, or B, economic 
cons i deration in selection must be respectfully 
regarded. 
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TABLE 1. FLOW DEPTHS IN THE STI LLING BASIN OF DESIGN A 

Location* Q = 6,400 cfs Q = 11,800 cfs Q = 15,400 cfs 

a 5.0 7.7 9.1 
b 5.6 7.7 8.9 
C 5.0 7.7 9.7 
d 30 .5 33.2 34.5 
e 30.6 33.3 35.2 
f 30 .5 33.1 34.8 
g 4.3 6.4 7.2 
h 4.6 6.5 8.0 
i 4.1 6.3 7.7 
j 13.8 15.5 16 .4 
k 14.0 16.3 17.5 
1 13.9 15.9 16 .8 
m 3. 8 5. 1 5. 5 
n 4.0 5.4 6.6 
0 3. 7 5.0 5. 7 

* See Figure 2 for location of depth measurements 

TABLE 2. FLOW DEPTHS IN THE STILLING BASIN OF DESIGN B 

Location* Q = 16, 000 cfs** Q = 

a 8.9 
b 8.9 
C 9. 4 
d 38.8 
e 39.0 
f 38 .7 
g 8.0 
h 8.2 

7. 7 
j 14. 9 
k 16. 1 
1 15.1 
m 6.6 
n 7.4 
0 6.7 

* See Figure 41 for location of depth measurements 
** Full sidewal l s (no spill over sides) 

*** Wall height 33.6 feet 
**** Wall height 32.4 feet 
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25,000 cfs*** 

14 .0 
12.7 
13.0 
37.8 
41. 8 
37.6 
7.4 
9.6 
7.6 

17.6 
17.9 
17.3 
8.6 
9. 1 
8.9 

Q = 25,000 cfs 

13.4 
12.9 
13.1 
37.5 
39.6 
36.7 
9.1 

10.6 
9.5 

19. 1 
20 .4 
19.5 
7.5 
8. 0 
7.5 

Q = 25,000 cfs**** 

14. 1 
12.5 
13.3 
37.2 
41. 5 
37.2 
7.0 
9.1 
7.0 

17.5 
17. 8 
17.6 
8.7 
9.1 
9.1 



TABLE 3. FLOW DEPTHS IN ST ILLING BASIN OF DESIGN C 

Location* 

a 
b 
C 

d 
e 
f 
g 
h 
i 
j 
k 
l 
m 
n 
0 
p 
q 
r 
s 
t 
u 
V 
w 
X 

y 
z 

aa 
bb 
cc 
dd 
ee 
ff 
gg 
hh 
ii 
jj 
kk 
ll 
mm 
nn 
00 

Q = 12,500 cfs** 

11. 2 
11. 5 
13.2 
12.2 
11.4 
11. 3 
8.9 
6.9 
8.6 
7.0 
6.5 
7 . 1 
5.9 
6.2 
5.5 
4.9 
5.9 
4.7 

47.8 
47.9 
48.0 
49.9 
48.5 
50.4 
53.3 
53.9 
53.0 
52.0 
52.5 
52.4 
52.5 
52.2 
51. 8 
10. 5 
10. 1 
10.2 
9. 9 

10.6 

* See Figure 61 for l ocation of depth measurements 
** No spi ll over sides 

*** 43-ft high s idewal l s (12,500 cfs over baffled apro n, 
6,250 cfs over each side) 
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Q = 25,000 cfs*** 

15.0 
15.9 
16.4 
16.3 
16.0 
15.6 
12.9 
12. 0 
13. 3 
10.8 
12.0 
11. 1 
9.7 

11. 6 
10. 1 
9. 5 

10. 5 
9. 6 
9.1 
9.4 
8.7 

37.6 
36.6 
36.5 
42.2 
39. 1 
42.0 
50.9 
53.3 
51. 8 
48.6 
53.4 
48.3 
49.4 
49. 7 
49.0 
8. 1 
9.2 
8. 9 
9.1 
8.0 



TABLE 4. WATER PRESSURES IN STI LLING BASIN - DESIGN C 

Q = 12,500 cfs 

Location* Pressure Head Location* Pressure Head Location* Pressure Head Locati on* Pressure Head 
ft ft ft ft 

B-2 -a 12.0 B-1-l 0. 6 S-23 21.9 CB- 4 40 .8 
B-2-b 10 . 2 B-1-m 4.5 S- 24 21. 9 CB- 3 38.4 
B-2-c 11.1 B- 1-g 6.3 S-25 44 . 1 CB- 6 42.3 
B-2-j (-0 .9) B-1-h 6.0 3 53.7 CH- 3 36.9 
B-2-k (-2 . 7) B-1-i 7.5 5 45.6 CH- 1 43.2 
B-2-d 15.3 W-b 22.8 9 50 . 1 CH- 2 37 . 5 
B-2-e 13 . 2 W-d 22 . 2 23 50.1 CH- 4 24 . 3 
B- 2-f 13 .5 W-f 23. 1 10 51. 0 CH- 5 12.6 
B-2-1 (-0.6) W-e 46.5 11 53.1 CH- 6 6.9 
B-2-m 3.3 W-c 45.0 24 55.5 CH- 7 7. 8 
B-2-g 10 .8 W-a 45.0 FB-17 57 .3 CH- 8 9. 3 
B-2-h 9.3 C-1 13.5 FB-18 55.2 CH- 9 7.5 
B-2-i 10.2 C-2 20. 7 FB-19 45 .0 CH -10 6.0 
B-3-a 13.5 C-3 27 .0 FB- 4 32 .4 CH-11 5.7 
B-2-b 12.6 C-4 36 .6 FB- 5 30.3 CH-12 8. 1 
B-3-c 12.9 C-5 29. 4 FB- 6 35 . 7 CH-13 9. 0 
B- 3-j (-0 . 3) C-6 22 . 8 FB- 7 41. 4 18 45 . 6 
8-3-k (-1. 2) C-7 15.9 FB- 8 46 .8 17 52.2 
B-3- d 17.4 S-B 11. 4 FB- 9 62 . 4 16 43.2 
B-3-e 15 .6 S-9 24.9 FB-10 57 .9 12 51. 6 
B-3- f 14.4 S- 10 38 .4 FB-11 43.2 13 48. 9 
B-3- l (-0.9 ) S- 11 40.8 FB-13 30.3 14 52.5 
B-3-m 2. 4 S- 12 24.0 FB-12 35.4 15 43. 2 
B-3-g 12.3 S-13 10 . 2 FB-14 36 . 0 8 49 . 2 
B-3- h 11. 7 S-14 11.1 FB-15 40. 8 7 50. 1 
B-3-i 13 . 5 S-15 24.3 FB-16 47 . 1 6 54.0 
B-1-a 7.5 S-16 48.3 FB- 1 55.2 22 47. 7 
B-1-b 8. 4 S- 17 42.6 FB- 3 42.9 21 48.9 
B-1-c 6.9 S-18 27.9 FB- 2 51. 9 4 50.4 
B-1-j 1. 5 S-19 13.8 CB- 1 39.9 20 48.3 
B-1- k (-5. 7) S-20 14. 7 CB- 2 38.4 19 47.4 
B-1-d 9.9 S-21 51. 6 CB - 5 42.6 2 51. 0 
B-1 -e 8.7 S-22 51. 9 CB- 7 41. 7 1 51. 3 
B-1-f 7.8 

* For locati on of pi ezometers see Figures 76 and 77 

Code 
B- 2 - Second Baffle Block 
B-3 - Third Baffle Block 
B-1 - First Baffle Block 
w - Front Face of Weir Wa ll 
C - Side of Chute 
s - Sti lling Basin Side of Wal l 
Unlettered numbers are in bottom of basin 
FB - Floor Block 
CB - Chute Block 
CH - Bottom of Ch ute 
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TABLE 5. WATER PRESSURES IN STILLING BASIN - DESIGN C 

Q = 25,000 cfs 

Location* Pressure Head Location* Pressure Head Location* Pressure Head Loca tion* Pressure Head 
ft ft ft ft 

B-2-a 11. 4 B-1- l (-0.9) S-23 19 .2 CB- 4 21. 6 
B-2-b 9.6 B-1-m 3.3 S-24 19.8 CB- 3 24.0 
B-2-c 11. 1 B-1-g 6.0 S-25 42.3 CB- 6 39 . 3 
B-2-j 0.0 B-1-h 8.4 3 60.3 CH- 3 31. 8 
B-2-k (- 1. 8) B-1-i 8.4 5 30.6 CH- 1 36.9 
B-2-d 15.0 W-b 20.4 g 53.4 CH- 2 32 . 4 
B-2-e 12.0 W-d 21. 0 23 51. 9 CH- 4 16.5 
B-2-f 13 .8 W-f 20.4 10 58.8 CH- 5 12.0 
B-2-1 0.3 W-e 42.9 11 62.1 CH- 6 10. 5 
B-2 - m 3.3 W-c 43.2 2L 68.7 CH- 7 12.6 
B-2-g 9.6 W-a 42.9 FB-17 74 . 7 CH- 8 14.4 
B-2-h 7.5 C- 1 8 .1 FB-18 79.8 CH- 9 9.0 
B-2- i 8. 7 C- 2 9.3 FB- 19 58.2 CH-10 6. 6 
B-3-a 12.9 C- 3 17. 1 FB- 4 (-7.5±6.0) CH-11 4.2 
B-2-b 11. 4 C- 4 27. 9 FB- 5 (-9.0±6.0) CH-12 7.8 
B-3-c 12.6 C- 5 19.5 FB- 6 18. 0 CH-13 10. 2 
B-3-j 0.3 c- 6 12.9 FB- 7 26.1 18 45.0 
B-3- k (-0.6) C- 7 5.1 FB- 8 35 . 4 17 54.9 
B-3-d 16.8 S- 8 FB- 9 101. 4 16 32.1 
B-3-e 14. 1 S- 9 15 .0 FB-10 95.4 12 58.8 
B-3-f 15.3 S-10 27.9 FB-11 55.5 13 50.4 
B-3-1 (-0.3) S-11 32.7 FB-13 (-12.0±4.5) 14 54.9 
B-3-m 2.4 S-12 15.6 FB-12 (-18.0±6.0) 15 35.7 
B-3-g 12.3 S-13 2.4 FB-14 17.1 8 50. 7 
B-3-h 10.8 S-14 4.5 FB-15 24.9 7 51. 9 
B-3-i 13.2 S-15 16 . 2 FB-16 32 . 1 6 64.8 
B-1-a 6.3 S-16 49.5 FB- 1 75.6 22 37.5 
B-1-b 8.7 S-17 36.9 FB- 3 57.0 21 44.1 
B-1-c 8.4 S-18 23. 1 FB- 2 77. 1 4 48.9 
B-1-j (-0.9) S-19 9.9 CB- 1 22.2 20 43.2 
B-1-k vapor press. S-20 12.3 CB- 2 24.3 19 38 . 1 
B-1 -d 9.6 S-21 48.3 CB- 5 39.0 2 48 .0 
B-1-e 10. 2 S-22 49.2 CB- 7 34.5 1 48.3 
B-1-f 9.3 

* For location of piezometers see Figures 76 and 77 

Code 

B-2 - Second Baff l e Block 
B-3 - Third Baff le Block 
B-1 - First Baffl e Block 
l~ - Front Face of Weir Wall 
C - Side of Chute 
s - Stilling Basin Side of Wall 
Unlettered numbers are in bottom of basin 
FB - Floor Block 
CB - Chute Block 
CH - Bottom of Chute 
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Figure A-1. Design C stilling basin. Q 

Figure A-2. Design C stilling basin. Q 
Flow in the stil ling basin. 

11,800 cfs. 

11,800 cfs. 
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Figure A-3. Design C st illing basin. Q = 11,800 cfs. 
Flow over the baffled end si ll . 

11,800 

3900 I 3900 -1-
.4000 

Sidewalls are 
43 ft high 

VsJOfps 11.8' 12.1' 11.5' Beginni ng of 
vertical curve 

Figure A-4. Flow depth in stilli ng basin, Design C. 
Q = 11,800 cfs. 



Figure A-5. Q 16,000 cfs. Figure A-6. Q = 16,000 cfs. Boiling above the floor 
blocks i s noticeable. 

Figure A- 7. Q = 16,000 cfs. Fl ow spreads over a 
wide area into the river. 
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HYDRAULIC MODEL STUDY OF 

TilE WEST MESA INTERCEPTOR ENERGY DISSIPATOR 

NEAR ALBUQUERQUE, NEW MEXICO 

(Addendum) 

SUMMARY 

Three hydraulically acceptable energy dissipator 
designs were described in the parent report, "Hydrau­
lic Model Study of the West Mesa Interceptor Energy 
Dissipator near Albuquerque, New Mexico," by M. M. 
Skinner and S . Karaki (CER68-69MMS-SK15). "Design-8" 
was selected after an economic analysis of the ttree 
designs by Gordon Herkenhoff a~d Associates . The 
additional model tests reported in this addendum were 
made to evaluate the hydraulic characteristics peculiar 
to a two-stage construction of the approach channel. 
Construction staging was consistent with development 
of the urban area and available funds. 

A 2:1 (horizontal:vertical) sloping right sidewall 
in the approach channel (looking downstream) was con­
structed in the "Design-B" mode l. Pressure measure­
ments on two floor blocks and water depths in the 
approach channel and in the primary, secondary, and 
tertiary basins were recorded for a prototype flow of 
12,500 cfs. 

The hydraulic effect of sediment deposition in 
the primary basin was investigated for both the initial 
(Q 12,500 cfs) and final construction stages 
(Q = 19,000 cfs and Q = 25,000 cfs). 

A sloping sidewall in the approach channel did 
not adversely affect the hydraulic performance of the 
stilling basin (dissipator). Sediment deposition may 
take place in the primary basin, but the energy of the 
flow will be adequately dissipated for discharges up 
to 19,000 cfs. For discharges greater than 19,000 cfs, 
it would be desirable to have a fully effective 
primary basin. That is, appropriate accommodation for 
sediment removal should be considered. If, however, 
the sediment is not "packed" in the basin, the turbu­
lence created by the larger flows will cl ean the 
sediment out of the basin and physical removal of the 
sediment will not be required. 

INTRODUCTION 

Supplemental model tests were performed to 
investigate hydraulic conditions in the "Design-8" 
model. The first stage capacity of the approach 
channel need not be greater than 12,500 cfs. Accord­
ingly, the 70-f t wide approach channel could be re­
duced in width to accommodate the discharges. This 
was done by using a 2:1 sloping right sidewall w: th a 
prototype base width of 40 ft. 

The perf ormance of the "Design-8" stilling basin 
for prototype flows of 16,000 and 25,000 cfs was 
reported in :he parent report. This addendum i ncludes 
results for prototype flow rates of 6,000, 12,500, 
19,000, and 25,000 cfs in that basin. 

The effect of sediment deposition in the primary 
basin was studied. It is possible that at small dis­
charges, sediment transported in the collection 
channels could deposit in the primary basin. If such 
small flows prevailed over a long period of time 
without intermittent l arge discharges, substantial 
sediment deposits could be accumulated. Studies, 
therefore, were made to determine the effect of such 
sediment deposits on the hydraulic performance of the 
basin, keeping in mind that deposition could occur 
during initial as well as final development of the 
total collection and energy dissipat ion system. 
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FIG. 2 SCHEMAT IC DRAWING OF DE SIGN - B / SLOPING SIDEWALL IN APPROACH CHANNEL 
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MODEL RESULTS 

Final Development 

The "Design-B" stilling basin was described in the 
parent report. The plan and centerline elevation views 
are reproduced here as figure 1 . Figure 2 indicates 
the smaller approach channel which terminates abruptly 
at the B. V.C. of the vertical curve. Also shown on 
figure 2 are the indexes for identifying the locations 
of the water depth measurements. It will be recalled 
that the top of t he pr~nary basin sidewall at final 
stage was 32.4 ft high. A full sidewall (45 ft) was 
considered for the first phase construction to prevent 
side overflow and thus avoid the associated paving and 
walls around the basin. The added wall height is to 
be constructed with r emovable or "knock-out" blocks 
for final s~aging. 

0 

I{) 

TOP VI EW 
1' - 7 11 

9' - 5 11 

N 

0 

(J) 

Prototype flow depths at the designated locations 
for the selected discharges of 6,000, 12,500, 19,000, 
and 25,000 cfs are given in Table 1. It should be 
noted that these results are for a full 70-ft wide 
approach channel and wall heights of 32.4 ft in t he 
primary basin. Prototype pressures on the two 
instrumented floor blocks are also given for the 
corresponding discharges in Table 2 . Location indexes 
for flow depth and floor block pressure measurements 
are given in figures 2 and 3, respectively. For direct 
comparison purposes, selected photographs of each of 
the runs for Q = 6,000, 12,500, 19,000 and 25,000 cfs 
are given in plate 1. 
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Results of Sloping Sidewall in Approach Channe l 

A 2:1 sloping sidewall was placed in the approach 
e model and terminated abruptly at the 

beginning o the vertical curve, as shown in figures 
2 and 4. 

Fig. 4. Downstream view of s 2oping sidewall in the 
approach channel. 

This arrangement (full s i dewalls in the primary 
basin) was subjected to a prototype discharge of 
12,500 cfs. Flow depths and pressure measurements on 
two floor blocks are recorded in Tables 1 and 2, 
respectively. Photographs of the flow in the vicinity 
of the sloping sidewall and stilling basin are shown 
in plate 2. 

Some flow concentrates along the right side of 
the chute do~nstream from the sloping sidewall (see 
figures 5, 6, and 7) . However, this concentration of 
flow does not make the hydraulic jump in the stilling 
basin unstable. As seen in the photographs, there is 
some skewness with respect to the front of the jump 
in the primary basin, but the flow in all basins is 
completely satisfactory. 

Fig. 5. Upstream view of the flow over the sloping 
sidewall. 
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Fig. 6. View looking downstream from end of sloping 
sidewall. (Note the concentration of f low 
along right side of chute.) 

Fig. 7. Close-up view of flow concentration along far 
side of chute . 

Effect of Initial Sediment Deposition in the 
Primary Basin 

Since the intermittent operation of this proposed 
structure may cause sediment to deposit in the primary 
basin, a study was made t o determine the effect of 
deposition on hydraulic performance. 



An arbitrary amount of medium sized sand was 
placed in the primary basin in the manner illustrated 
in figure 8. It is considered unlikely that sediment 
would deposit over the floor blocks. In any event, it 
was assumed that this amount of sand would be arranged 
by the flow according to the hydraulic forces involved. 
Tests were made for the initial stages of the stilling 
basin and approach channel construction. 

After 20 minutes of flow at 12,500 cfs, the major 
portion of the sand remained in the primary basin, as 
shown in figure 9 . A scouring pattern was observed 
along the right side corresponding to the location of 
the concentration of flow along the right side of the 
chute. Additional photographs of the scour/deposition 
pattern and the flow for this case are given in 
plate 3. 

Fig. 8. Medium sand was placed in the primary basin 
from the end of the last row of floor blocks 
to the top of the end sill. 

Fig. 9. Downstream view of sediment deposit after 20 
minutes of model run time with a prototype 
discharge of 12,500 cfs. (Note the scour 
along the right side.) 
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Similar tests were made for the second stage 
channel and stilling basin. A prototype flow of 
19,000 cfs was introduced with the sediment deposition 
pattern that existed following the test depicted in 
=igure 9. After 30 minutes of operation, the majority 
of the sediment still remained in the primary basin as 
i llustrated in figure 10. The flow was then increased 
t o a discharge of 25,000 cfs for another 30 minutes. 
In this case, essentially all of the sediment was 
cransported out of the primary basin (see figure 11). 
This illustrates two significant points. First, if 
the sediment from previous flows does not pack in, but 
remains loose (similar to the bed of the Rio Grande), 
the sediment deposited in the basin will be removed 
by the large flows. Second, the volume of the primary 
basin is being fully utilized to dissipate energy. 

Fig. 10. View of sediment deposit rema1n1ng in primary 
basin after 30-minute model run representing 
19,000 cfs. 

Fig. 11. Essentially all sediment was removed from the 
primary basin by the flow of 25,000 cfs after 
a 30-minute model run. 



The additional studies of the final development 
of the basin and approach channel were conducted to 
document the hydraulic conditions which will occur at 
\'arious discharges. These tests indicated that the 
prototype would function satisfactorily for all dis­
charges up to the design capacity. Observations of 
the model behavior at 25,000 cfs indicated that the 
primary basin should not be smaller than the recom­
mended size given on figure 1. Quite obviously this 
means that for discharges below about 15,000 cfs, the 
primary basin may be somewhat oversized. 

The sloping sidewall in the approach channel may 
be used without adversely affecting the flow in the 
stilling basin. The end of the sloping sidewall may 
terminate abruptly at the B.C. of the vertical curve. 
Noticeable concentrations of flow occurred along the 
right wall, but this effect was reduced by the circula­
tion in the primary basin and was not noticeable over 
the last end sill in the model. 

A relatively large quantity of an initial sediment 
deposition in the primary basin produces no signifi­
cant effect on water depths in the primary basin. 
Part of the m~terial scoured from the primary basin 
redeposited i~ the lower ends of the secondary and the 
side channel basins (see figures 12, 13, and 14). 

At the design discharge of 25,000 cfs, essentially 
all the material was transported out of the primary 
basin and redeposited in the lower end of the secondary 
and side channel basins or swept on downstream (see 
figure 14). 

Fig. 12. Some of the scoured material from the primary 
basin redeposited at the lower end of the 
secondary basin, Q = 12,500 cfs/sloping 
sidewall. 
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Fig. 13. Deposition pattern in the secondary basin for 
Q = 19,000 cfs. 

Fig . 14. Deposition pattern at lower end of side 
channel basin for Q = 25,000 cfs. 



Discharge= 6,000 cfs Discharge= 12,500 cfs 

Plate 1. Comparable views of the operation of the energy dissipater for discharges of 
6,000, 12,500, 19,000, and 25,000 cubic feet per second . 
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Discharge 19,000 cfs Discharge 25,000 cfs 
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Plate 2. Se l ect ed views of flow in the v1 c1n1ty of the s loping sidewal l in the approach 
channe l and of the operation of the energy dissipator. 
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Plate 3. Initial and final sediment deposit pattern in the primary basin and views 
of the operation of the energy dissipater for Q = 12,500 cfs. 
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Tab le 1 

PROTOTYPE FLOW DEPTHS (FEET) AT DESIGNATED LOCATIONS IN APPROACH CHANNEL AND 
ENERGY DISSIPATOR (SEE INDEX DRAWING, FIG. 2) FOR SELECTED DISCHARGES* 

Sloping 
sidewall in 

Rect angular approach channel ~roach channel 

Location 6,000 cfs 12,500 cfs 19,000 cfs 25,000 cfs 12,500 cfs 

a 5 .0 8.3 11. 4 11. 8 see sketch 
b 5 . 6 7. 7 10.7 15.2 at bottom 
C 5.3 8.4 11. 8 12.4 of th is t ab le 

d 2. 7 4.8 6 . 7 8.9 3.2 
e 2.5 4.8 8.0 8.0 4.8 
f 2.6 4. 7 6.5 9 . 4 6.6 

g 2 .3 4.0 5. 7 8.3 3.1 
h 2.1 4.0 6 . 6 7.2 3. 7 
i 2. 2 3 . 8 5.7 8 .4 5 . 1 

j 1. 9 3.3 5.0 7 .1 4 . 2 
k 1. 7 3.4 5.0 6.2 3.2 
1 1. 7 3 . 3 5. l 7 . 3 4.1 

m 1. 6 2.9 4. 7 6.3 4.8 
n 1. 6 3.0 4.3 5. 7 2 . 6 
0 1. 6 3.0 4.5 6.3 3.5 

p 1.5 2.8 4.6 5.7 4.9 
q 1. 4 2.8 3.9 5.3 2.5 
r 1.5 2. 9 4.4 5.6 3.0 

s* 9 . 5 7.5 4 . 9 5.5 9.8 
t* 10.0 8.1 6.6 5.8 10.9 
u* 9 . 5 7.5 4.6 5.0 9.9 

v* 16 . 2 14.4 12.6 11. 4 16.5 
w* 17.3 15.3 14.1 13.0 17.8 
x* 16.8 14.1 12.5 11. 8 16.8 

y 31. 9 28 . 5 26.8 24.6 33. 1 
z 31. 7 28 . 8 28.9 28.6 30 . 6 

aa 32.1 29 .1 27 .1 25.0 31. 9 

bb 9.5 10. 5 E . 5 12 . 5 
cc 33 . 7 35 . 4 35.3 35.8 35 . 7 
dd 33.7 35.1 33 . !l 31. 4 37.3 
ee 33.3 35.4 35.6 36.3 36.8 
ff 9.5 11.1 1:.8 12.7 

gg 9 . 6 11.1 12.2 12.6 
hh 34.0 35.7 36.9 36.9 38.5 
ii 34.0 36.3 38 . 4 40.1 37 . 2 
jj 33 . 7 35.7 36.6 36.8 37.5 
kk 9.7 11.1 12.3 12.9 

11 9 . 7 11.1 12.2 12.5 
mm 33.5 35.4 37.1 37. 9 38.3 
nn 33 . 7 35.7 37.7 40.1 37.1 
00 33 . 8 35.7 37.1 37.8 37.1 
pp 9.8 11. 4 12.0 12.5 

qq 9.6 10. 8 11. 8 12.2 
rr 3.8 5.4 6 . 5 7.4 7.9 
55 3.8 5.7 7.4 10.0 6.7 
tt 3 . 7 5 .1 6.4 7 .1 6.3 
uu 9.7 11.1 11. 8 12.4 

*Depths are measured normal to the bottom, except at lo~ations s, t, u, v, w, and x, where they are 
measured in a vertical direct ion. 
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Loca t ion 

vv 
WW 

xx 
yy 
zz 

1 
2 
3 
4 
5 

6 
7 
8 
9 

10 

11 
12 
13 
14 
15 

16 
17 
18 

20 
21 
22 
23 
24 

25 
26 
27 
28 
29 

t Numbers in 

Table l (Continued) 

PROTOTYPE FLOW DEPTHS (FEET) AT DESIGNATED LOCATIONS I N APPROACH CHANNE L AN D 
ENERGY DISSIPATOR (SEE INDEX DRAWING, FIG. 2) FOR SELECTED DI SCHARGES 

6,000 

9.5 
9.3 
8. 7 
9.5 
9.8 

9.5 
10.7 
11. 6 
10. 8 
9 . 8 

9 . 5 
2. 8 
3.9 
3.2 
9.6 

9.5 
9 . 7 
9.7 
9.7 
9 . 6 

9.8 
10 .1 
9.8 

2.3 
2.5 
2.3 

0.3 
0 . 9 
1. 2 
0.9 
0 . 3 

parenthesis 

Rec tangular aEEroach channe l 

cfs 12 ,500 cfs 19,000 cfs 25, 000 cfs 

10 . 5 11. 5 11. 9 
10. 2 11. 3 12 .1 
10. 2 10.3 8 . 0 
10.8 11. 5 12 . 3 
10. 8 11. 6 12. 1 

10. 8 11. 6 11. 8 
17. 6 15.3 17.5 
13 .5 16 . 0 16.4 
12 . 6 15 . 5 17.6 
10 . 8 11. 6 12 . 1 

10.8 11. 7 11. 9 
4.8 6 . 8 7. 8 
6 . 0 7.4 8.6 
5. 1 7 . 2 8 .5 

10 . 8 11. 6 12 . 0 

10.8 11. 6 12 .0 
9 . 6 10.1 11. 7 
9.6 10.7 12.0 

10 . 2 9 . 9 11. 3 
11.1 11 . 7 12 . 2 

10. 8 12 . 9 13. 6 
11. 4 13. 5 14. 8 
10. 8 12.8 13 . 7 

3.0 
3.6 4.5 5 . 7 
3.9 5 . 2 6 . 1 
3 . 3 4 . 7 5 . 8 
3 . 0 

(8 . ) t 0. 6 (14 . ) 0 . 6 (17 .) 0.6 (20 . ) 
( 18 . ) 1. 8 (20.) 2 .4 (22.) 3.6 (24.) 
(1 8 . ) 2 .1 (2 1.) 3 . 0 (23 .) 3.9 (25 . ) 
( 18.) 1. 8 (20 . ) 2.4 (22 . ) 3. 6 (24 .) 
( 8 . ) 0 . 6 (15.) 0.6 (18.) 0 . 6 ( 19 . ) 

are estimated protot ype velocities (feet per second) at corresponding 

I 
I 
I 
I 
I 
I 
I ~---.. ' ' ' l~.-------I~.--+,~.-_.::,fl~j'--l-5-,-+----'llL...9_8_'_-+_IIL...8-7-,--1' 

UPSTREAM VIEW AT BEGINNING OF VERTICAL 

CURVE X - SECTION 
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Slop ing 
sidewa ll in 

aEEroach channe l 

12 , 500 cfs 

10. 2 
9 . 8 

11.1 

13. 5 
15 . 7 
13. 5 

5 . 8 
7.2 
5.6 

8.5 
10. 2 
9 . 6 

11. 3 
12 . 9 
11. 3 

3 .4 
5 .0 
3.5 

1.5 (2 1. ) 
3 . 0 (22.) 
2 .1 (20.) 

location . 



Table 2 

PROTOTYPE PRESSURES (FEET OF WATER) AT DESIGNATED LOCATIONS ON TWO FLOOR BLOCKS 
FOR SELECTED DISCHARGES (SEE INDEX DRAWING OF FLOOR BLOCK, FIG. 3) • 

Discharge 

12,500 
(sloping 

6,000 cfs 12,500 cfs 19,000 cfs 25,000 cfs sidewall) 
Front Back Front Back Front Back Front Back Front Back 

Location Row Row Row Row Row Row Row Row Row Row 

a 28. 28. 36. 31. 44. 36. 62. 41. 35. 31. 
...... b 29. 28. 35. 35. 48. 40 . 65. 54. 36. 32. ,,_ 

C 28. 28. 34. 32. 42. 38. 55. 47. 35. 31. 
d 31. 28. 44. 31. 56. 38. 80. 43. 41. 32. 
e 31. 31. 46. 37. 65. 42. 90. 49. 42. 33. 
f 31. 26. 41. 31. 58. 37. 70. 43. 41. 29. 
g 35. 33. 48. 38. 58. 39. 74. 44. 42. 36. 
h 37. 34. 49. 38. 67. 40. 84. 50. 46. 37. 
i 34. 33. 42. 37. 57. 41. 62. 46. 44. 38. 
j 24. 28. 22. 29. 13. 27. 6 . 26. 24. 30. 
k 26. 28. 23. 29. 14. 28. 8. 27. 25. 31. 
1 30. 32. 29. 33. 23. 34. 17. 33. 29. 35. 
m 30. 32. 28. 33. 23. 33. 17. 34. 29. 32. 
n 29. 32. 20. 32. -5. 30. -23. 25. 26. 36. 
0 26. 29. 17. 28. -6. 26. -26. 21. 22. 32. 
p 29. 32. 17. 33. -8. 30. -15. 29. 25. 35. 
q 26. 28. 16. 28. -7. 27. -17. 20. 20. 31. 
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