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SUMMARY 

The operation of the .spillway for Tiber Dam was investigated 
w i t h  a hydraulic model built to a scale of 1:48. The studies showed the 
necessity of several modifications to the spillway. The arrangement of 
the preliminary spillway was generally satfsfactory and the discharge 
capacity of the overflow section was in close agreement. with the designed 
discharge, .A :flow .contraction ,at the *left =?pco=ch - w d I  .Figure ?A, cre- -, 

ated a rough water surface which.affected :the discharge through the left 
spillway bay. Studies were made on four other entrance arrangements 
consisting of: modifications .to the entrance walls and backfill behind the 
w d s .  Approach E, Figure SE, reduced *:he contraction and rough water 
surface to a satisfactory Ifmit and was recommended for prototype 
construction. 

Waves -formed downsts5ea& from the prelimimwy piers, F.igure 
7B. Although Ahis was not a serious disturbance, Pier No. 2, Figure 
12B, was tested-to determine the effect .&the p?er design .on wave 
formation. The longer pier reduced -the waves, Figure 13, but the .im- 
provement did not justify the increased cost of the piers, SQ Pier No. 1 
was retained. 

. 
The water did not .spread sufficiently in passing down the spill- 

way chute, resulting in greater flow in the center of the stilling basin t 
than'at the sides. ,This was most pronounced at,the maximum discharge 
of 51,709 cfs, 'Figures 8A .and :B. Tests -were made .to increase the . 
spreading of the:waterp by using crowns, Figure 14, ,which resulted in the 
center .of *he chute :being .higher $#an the sides fm &a portionVof "the chute 
length. With the preliminary chute, Crowns ,Nos, .I' and 2 gave miform 
distribution of "flow -at the maximum;discharge, .but-the flow was .concen- 
trated at ,the sides' of ethe stilling :basin for lower discharges. The r,ecom0 
mended chute, Figure 6, :had. a more moderate divergence'of the -Srainlng 
walls than the preliminary. By using Cr.own No. 3 on the r.ecommended 
chute, satisfactory distribution of flow occurred at all ranges of d i s -  
charge, Figures 18A and B. 



--. - 

charge of 51,700 cfs showed " m ~ u n d e r ~ i n i n g  of the downstream cut-off 
wall of the basin, Figures 9A and B. After installing the recommended 
entrance and chute a second scour tes t  was run using the preliminary 
stilling basin. The erosion was less  severe, Figure 20B, indicating tbat 
uneven flow distribution occurring with the preliminary chute contributed 
t o  the  scour. Two additional erosion tes ts  were made, one with the end 
sill removed and the other with &-degree spur  walls added. Scour was 
heavy without the end sill, Figure 2 1A. The erosion resulting when using 
the spur walk ,  Figure 21B, was similar  t o  that occurring with the pre- 
liminary basin. These studies showed the preliminary basin was satisfac- 
tory and it was recommended for prototype construction. 

The spillway was satisfactory, a s  indicated by pressure  tes ts  
on the overflow section and the steep section of the chute. Water sur- 
face profiles were taken throughout the spillway and showed the training 
wall heights to  be adequate. A discharge-capacity curve was obtained 
for the overflow section and is .shown on Figure 2 6. 

INTRODUCTION 

Tiber Dam is a part  of the Missouri River Basin Project and is 
located on the Marias River approldmately 15 miles south of Tiber, Mon- 
tana, Figure 1. The dam, 182 feet high with a c res t  length of 4,200 feet, 
is an earth-fill structure, Figure 2. The reservoir,  with a capacity of 
9'70, 000 acre feet, provides irrigation water for the Marias Project, an 
area situated 15 miles east of the dam. 

The flood c o n t r ~ l  spillway at the right abutment is a concrete- 
lined open-channel structure, Figure 3. The overflow section at the 
upstrenm end of the spillway is controlled by three 32- by 20-foot radial 
gates resulting in a net c res t  length of 96 feet. A concrete curtain wal l  
at the nose of the piers l imits  the gate openings t o  20 feet and a seal  pre- 
vents leakage of water between the gates and the curtain wall. The in- 
clined chute section is 1,050 feet long, increasiag in width from 108 feet 
at the cres t  to 200 feet at the s t w g  basin. The maximum discharge 
of 51,700 cfs results  in  a discharge of '258 cfs per  foot of st i l lbg basin 
width. The spillway drops 185 feet from the crest,  elevation 298Q, t o  
the stilling basin, elevation 2797. A model built t o  a scale of 1:48 was 
used to study the hydraulic performance of the spillway structure. 

An outlet works is located in the right abutment and to the left 
of the spillway, Figure 2. The conduit through the base of the darn ter-  
minates in  a 14-inch hallow-jet valve for regulating the flow. The valve 
discharges into a stilling basin and an excavated channel leads t o  the 
river. Model studies were not made of the outlet works. 
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SUMNLARY 

The operation of the spillway for Tiber Dam was investigated 
with a hydraulic model built to a scale of 1:48. The studies showed the 
necessity of several modifications to the spillway. The arrangement of 
the preliminary spillway was generally satisfactory and the discharge 
capacity of the overflow section was in close agreement. with the designed 
discharge. A flow contraction at the left approach wall, Figure ?A, cre- 
ated a rough water surface which affected the discharge through the left 
spillway bay. Studies were made on four other entrance arrangements 
consisting of modifications to the entrance walls and backfill behind the 
walls. Approach E, Figure 5E, reduced the contraction and rough water 
surface to a satisfactory limit and was recommended for prototype 
construction. 

Waves formed downstream from the preliminary piers, Figure 
7B. Although this was not a serious disturbance, Pier No. 2, Figure 
12B, was tested to determine the effect of the pier design on the wave 
formation. The longer pier reduced the waves, ' ~ i g u r e  13, but the a- 
provement did not justify the increased cost of the piers, so Pier No. 1 
was retained. 

The water did not spread sufficiently in passing down the spill- 
way chute, resulting in greater flow in the center of the stilling basin 
than at the sides. This was most pronounced at the maximum discharge 
of 51,70Q cfs, Figures 8A and B. Tests were made to increase the 
spreading of the water. by using crowns, Figure 14, which resulted in the 
center of the chute being higher than the sides for a portion of the chute 
length. With the prelizdnary chute, Crowns Nos. 1 and 2 gave uniform 
distribution of flow at the maximum discharge, but the flow was concen- 
trated at the sides of the stilling basin for lower discharges. The recom- 

s merided chute, Figure 6, had a more moderate divergence of the training 
walls than the preliminary. By using Crown No. 3 on the recommended 
chute, satisfactory distribution of flow occurred at all ranges of dis- 
charge, Figures 18A and B. 



The 1:48 scale model, Figure 4, represented a portion of the 
reservoir area, the spillway entrance, the spillway chute, the stilling 
basin, and a portion of the downstream r iver  channel. The head and tai l  
boxes were constructed of wood. and lined with sheet metal. The head box 
was 13 by 13.5 feet and contained reservoir  topography formed of concrete 
plastered on metal lath. The metal lath was supported by wooden forms 
cut to  the shape of the contours in the area. A baffle 6 inches thick and 
filled with 1-112 -inch rock was located at the upstream end of the head 
box to  quiet the flow from the inlet pipe to simulate the placid character- 
is t ics of water in a reservoir.  The overflow section of the spillway, 
built of concrete screeded to  sheet-metal templates, was placed on the 
downstream side of the head box. The control structure cohsisted of 
three sheet-metal gates with two wood piers and a wood curtain wall. A 
row of piezometers was installed along the center line of the overflow sec- 
tion. A point gage was placed in the head box to  measure the elevation 
of the reservoir  water surface. 

The spillway chute, beginning at  the overflow section and con- 
tinuing to  the tail box, was supported by a wooden platform covered with 
sheet metal. The floor of the chute, like the overflow section, was formed 
of concrete screeded t o  metal guide strips placed parallel to  the flow. The 
training walls were made of plywood and covered with sheet metal. Piezo- 
meters  were installed along the-center line of the steep downstream sec- 
tion of the chute. The upstream section of the chute was built with a slope 
of 0.1312 in  the model instead of the prototype slope of 0.1107. This in- 
crease in slope was necessary to  give correct  velocity to the flow enter; 
ing the stilling basin since the friction in the model Could not be made 
small  enough to correspond to the prototype. 

The tail Sox w a s  0.5 by-15.5 feet and contained the stil l ing 
basin which was cognected to the lower end of the chute. The remainder 
of the tail  box was used t o  reproduce 450 feet of prototype r iver  channel. 
The horizontal apron of the stilling basin wasbuilt of( concrete screeded 
t o  metal templates, and the ,chute blocks and end sill were made of wood. 
The channel was formed of sand, of which all passed a No. 50 sieve and 
was retained on a No. 100 sieve. A tailgate on the downstream end of 
the box was used to control the tail-water elevation which was read dir-  
ectly in t e rms  of prototype elevations from a staff gage in the channel. 

Water was supplied to  the model from the laboratory sump by 
two 6-inch-pumps connected in paralld.  The quantity of water was 
measured by using an orifice meter in the supply line, and regulation 
was by a gate valve. 



Spillway No. 1- -Prel iminary 

Descri  tion. The approach channel t o  the entrance of the pre- 
liminary -TI+- s p  way was curved, Figure 3. The terminal 130 feet of the 
channel at elevation 2970 was lined with concrete and had converging 
side walls a s  shown in Figure 5A. The spillway chute, s tar t ing at  the 
overflow section, was 108 feet wide for  a length of 600 feet, Figure 6. 
F o r  the remaining 450 feet of length, the chute diverged uniformly to 
a width of 200 feet a t  the ~ lp s t r eam end of the stilling basin. The stilling 
basin was 200 feet wide throughout its length of 167 feet with the floor 
at elevation 2797. c 

eration. The model was operated at various discharges up t o  
=T the maximum o '51, 700 cfs and the hydraulic performance of all par ts  

of the spillway ware observed. The severa l  undesirable flow conditions 
which occurred were  most  pronounced a t  the maximum discharge. Start- 
ing with the rese rvo i r  area, a rough water surface and draw-down oc- 
curred at the left entrance wall for  u discharge of 51,700 cfs  a s  shown in 
Figure 7A. The contraction of flow around and over the left entrance 
wal l  was caused by the near  90-degree change in direction of flow entering 
the spillway. 

The condition of the water surface downstream from the  overflow 
section is shown in  tpigure 7B. The p ie r s  caused somedisturbance in the 
flow which is indicated by the waves spreading down the chute f rom the 
tail of each pier. The disturbance dowr~stream from the left  pier, which 
is the more  pronounced, was increased by the uneven flow originating 
at the left  entrance wall previously shown in Figure 7A. A s  the waves 
from the p i e r s  saread down the chute, they impinged on the training walls, 
overtopping t h e  left training wall at Station 14t00, Figures  6 and $A. 
The training walls then reflected the waves toward the center of the chute, 
s o  that the flow upon reaching the stilling basin was concentrated in the 
center, Figures 8A and B. 

The preliminary model was operated for 1 hour at a discharge of 
51,700 cfs with tail-water elevation 2836, and the resulting erosion of 
the riverbed is shown in Figures  9A and B. The scour was greatest  down- 
s t r e am from the end of each training wall. This  is the usual case, but the  
erosion was increased by the uneven flow distribution originating in the 
chute. 

The preliminary spillway t es t s  indicated three  undesirable flow 
conditions: (1) disturbance of the water surface in the entrance area 
which continued downstream, (2) uneven distribution of flow in the chute 
which overtopped the left  training wall, and (3) an unsatisfactory scour Y 

pattern in the r iver  channel. These problems were interrelated since a 



tests  cn the modification to  the spillway were started in the spillway en- 
trance. Succeeding modifications were then made downstream and each 
acceptable solution was retained for the following tests. 

Modifications 

Approach studies. Approach B was the f irst  alteration studied, 
Figure 58. The m o s i o n  consisted primarily in raising the height of 
the entrance wal ls  as shown in the figure. The appearance of the water 
surface in the approach with a discharge of 51,700 cis  is shown in Figure 
IOA. There was some improvement over the conditions occurring with 
the preliminary entrance since the contraction covered l e s s  a rea  and, 
being further upstream, caused less  disturbance at the curtain wall. 

Approach C was next tried, Figure 5C. The length of the paved 
section was increased 24.5 feet and the walls were lengthened a simflar 
amount. In addition, backfill was placed to the top of the walls a s  shown 
in the figure. The contraction at the upstream end of the left wall was 
much less, Figure 10B, than occurred in the previous tests. The per- 
formance was considered satisfactory, but it was advisable t o  study 
similar but more economical arrangements which required l e s s  backfill. 

For  Approach D the same walls were used as for Approach C, 
but the backfill against the left wall was shortened, Figure 5D. The flow 
in the entrance area  was smooth, Figure 11A, and there was l e s s  con- 
traction at the left wall than had occurred with Approach C. 

For  Aproach  E, Figure 5E, the outer limit of the backfill at 
the left wall was placed on a curve since the corner used in Approach D 
would probably be damaged by large discharges through the spillway. The 
flow contraction a t  a discharge of 51, 700 cfs, Figure 11B, was more pro- 
nounced than with the previous backfill arrangement, but the conditions 
of flow were considered satisfactory and this entrance was recommended 
for construction. 

P i e r  studies. Unusually large waves formed downstream from 
the preliminary piers, Figure 7B, as discussed under the operation of 
the preliminary spillway. This disturbance was not considered objection- 
able to the spillway performance, but P ie r  No. 2 was tested to.improve 
the conditions, i f  possible. Pier  No. 2, Figure.12BJ was similar to the 
preliminary pier, but it  had an additional 17-foot 9-inch tapered tail added 
t o  the downstream end. The tail reduced the disturbance because the depth 
of water was less  a t  the tail  of the longer pier than occurred with the pre- 
liminary pier. The improvement can be observed by comparing Figure 13 
with Figure 7B. However, after considering benefits with the additional 
cost, the designers decided that the longer piers were not justified, s o  
Pier No. 1 was used for prototype construction. 



tion of flbw in the cent'er of the downstream end of the chute+which was 
objectionable at the higher discharges. Past  experitenck had shown that 
by making the center of the chute higher than the edges the water would 
be forced to spread iaterally. Such an alteration was made to  the chute 
in the present study, Crown No. 1, Figure 14A. The distribution of the 
flow entering the stilling basin is shown in Figures 15A and B for dis- 
charges of 4, 150 and 51,700 cfs. The distribution was uniform a t  the 
maximum discharge, but at the lower flows the crown spread the watern 
excessively, causing a concentration of water at the t r aMng  walls .  i 

Crown No. 2, Figure 1413, had 32.5 feet l ess  width at the 
downstream end than Crown No. 1 to reduce the spreading action of the I 

lower flows. The performance for discharges of 4,150 and 51,700 cfs, 
Figures 16A and 3, was unchanged from that occurring with Crown Not. 1. 

The studies with the two crowns did not prove successful i n  ob- 
taining uniform flow distribution entering the stilling b a s h  for all dis- 
charges, s o  the alignment of the training walls was modified, Figure 6. 
The point a t  which the training walls began to  diverge was moved upstream 
41 6 feet t o  Station 11+84. With the crown removed, the distribution of 
flow at the downstream end of the chute for the maximum flow of 51,700 
cfs, Figure 17, was more uniform than occurred, with the preliminary 
chute without a crown. The discharge, however, was still greater in 
the center of the basin than a t  the training walls. 

Crown No. 3, Figure 14C, with a center height of 1.5 feet and 
a length of 240 feet was next installed in the revised chute. The down- 
s t ream end of the crown was at Station 17$59.7. The distribution of 
flow entering the stilling basin is shown in Figures 18A and B for dis- 
charges of 10,000 and 51, 700 cfs. At the lower discharge the depth of 
flow was l ess  in the center than at the sides, but the distribution was more ! uniform than had occurred in any previous test. Very uniform distribu- 
tion resulted, however, a t  the maximum discharge. The water surface 
throughout the length of the chute was more uniform than in the tes ts  with 
the preliminary chute. Since the performance of the chute arrangement 
was now considered satisfactory, tests were then conducted on the still- 
ing basin. 

Stilling basin studies. With the recommended approach and 
chute arrangement the m ~ d e l  was operated using the preliminary still- 
ing basin, Figure 18. The conditions of flow in  the basin and channel 
downstream were satisfactory at the maximum discharge, Figure 20A. 
The erosion resulting from 1 hour of operation at a discharge of 51,700 
cfs is shown in  Figure 20B. The maximum scour reached 4 feet below 
the apron and occurred downstream from the right training wall. The 
scour in the channel was less  than that obtained with the test on the pre- v 

l imhary  spillway, Figure 9. Since the same stilling basin was used in 



bution ab-lahed whh the recommended chute. The stilling action of the 
basin, a s  indics~tftd by the scour in Figure 20B, was considered adequate, 
but testing w a s  continued to assure obtaining the best basin arrangement. 

Tc:, determine the effectiveness of the end sill, it was removed 
amd a 1-hoixr erosion test  was run at a discharge of 51,700 cfs and tail 
water etevr:ltion 2834. The scour in the channel was severe, Figure 21A, 
indicating .the val.ue of the end sill in protecting the r iver  channel. The 

a scour dow~zstrea~m from the right training wall resulted in the bed being 
12 feet lourer tha,n the elevation of the apron. 

The dsrttated end sill was installed and spur wing walls were 
placed on each side of the basin a s  shown by the dotted lines in Figure 
19. Iflode1 studies made in the past using this spur wall had been success- 
ful in reducing erosion at the cut-off wal l  on each side of the basin. The 
erosicrn resulting from operating 1 hour at a discharge of 56, 700 cfs and 
tail-water elevation 2834 is shown in Figure 21B. The lowest streambed 
elevation occurred at the end of the spur walls where the scour was 4 feet 
lowero than the apron elevation. The scour was quite similar to  that ob- 
tained with the 90-degree wing walls shown in Figure 20B. Since the re- 
sults were not improved by the addition of the spur walls, it was decided 
to use  the preliminary basin for construction in  the prototype. 

The Recommended Spillway 

As discussed in the tests  under spillway modifications, three 
changes were made in the spillway structure: (1) #alteration to the en- 
trance, (2) re-alignment of the chute training walls, and (3) addition 
of a crown to  the chute. Flow conditions throughout the spillway were 
then considered satisfactory, but additional data were necessary to com- 
plete the spillway tests. 

Pressures and water-surface profiles. Pressures  were obtained 
dong the center line of the overflow section of the spillway. The lowest 
pressure that occurred, Figure 22A, was 1 foot of water below atmospheric 
when the gates were open 1 foot and the discharge was 3,200 cfs; Pres- 
sures  were also measured on Crown No. 3 at the points indicated in Fig- 
ure 14C. The lowest pressure obtained was 1/2 foot of water above at- 
mospheric at Piezometer No. 2. These pressures are shown in the table on 
Figure 14. In addition, pressures were observed along the center line 
of the vertical curve and steep section of the chute. The lowest pressure 
recorded was 1 foot of water helow atmospheric with a discharge of 48,900 . cf s, Figure 22B. These tests  indicated satisfactory pressure conditions 
existed throughout the spillway. 

Water-surface profiles along each training wall throughout the 
length of the spillway were obtained for discharges of 35,000 and 51,700 
cfs and these a re  shown in  Figure 23. The water did not overf;op the 



training w a l l s  a t  any point on the spillway. The closest approach t o  the 
top occurred along the rignt wa l l  in the vicinity of Station 15t00 at the 
maximum discharge. Transverse water-surface profiles were takea at 
various discharges at five stations along the spillway, Figures 24 and 
25. The transverse depth was generally uniform in the overflow .section 
for all discharges, except for a depression in the water surface downstream 
from each pier, Figure 24. The depth was greater in the .center of the 
chute at Station 11+85, 145 feet downstream from the piers, Figure 25. 
The depth of the water in the chute a t  Station 20+28.5, just upstream from 
the stilling basin, was slightly greater along the center line for the maxi- 
mum discharge, Figure 25. These measurements of the water surfaces 
showed the height of the training walls to be adequate throughout the 
spillway. 

Calibration. Discharge-kapacity curves were obtained for the 
spillway for conditions, Figure 26. These curves a r e  for the 
discharge through three gates, with all gates opened the same amount for 
each curve shown on the chart. The gates should be operated symmetri- 
cally in the prototype t o  avoid unnecessary wave action and erosion in 
the r iver  channel. The maximum gate opening is limited to  20 feet by a 
curtain wall whose bottom edge is at elevation 3000. Consequently, f ree  
flow can occur for only the f i rs t  20 feet of head above the crest. The 
maximum value of the coefficient of discharge C in the equation Q = C L H ~ / ~  
for free flow with the water surfa1::e just free of the curtain wall is 3.28 
as shown by the coefficient of discharge curve in Figure 26. With the 
maximum discharge of 51, 700 cfs and the gate openings at 20,feet. the 
coefficient of discharge is 3.75 using the equation Q = C L ( I I ~ ~ / ~  - ~ ~ 3 / 2 )  
for submerged flow. 
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B. Stil l ing basin 
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A. Spillway chute 



A .  Downstream view 

B. Upstream view 
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A. Approach B Discharge 51,700 c. f. a. 
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