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PURPOSE OF STUDY 

(a) Investigate the flow conditions in the approach channel, the 
overflow section, the chute, and the s t w g  basin, and determine the 
capacity of the Trenton Dam spillway. 

(b) Investigate the pressures in and the capacity of the r iver 
outlets, which pass through the overflow section of the spillway. 

CONCLUSIONS 

1. The end pier  upstream extension, Design F,  Figure 7F, which 
is elliptical in section between elevation 2787. 8 and 2775.0, will cause 
the least  water surface contraction at the ends of the overflow section 
of the spillway for dl discharges through the maximum design capacity 
of 126,500 cfs, Figure 13. 

2. Vortices occtmr@g on both sides of the spillway entrance under 
the roadway may cause noise but will not have any detrjmental effect on 
spillway operation. 

3. Flow conditions were improved in the spillway chute by stream- 
lining the trailing edges of the center piers  (Figure 14) but improvement 
was not sufficient to  justify structural changes. 

4. Pressures on the overflow section of the rec-ended spillway 
wffl be satisfactory a s  evidenced by a maximum recorded subatmospheric 
pressure of 4.5 feet of water (Figure 21). 

5. Water will not overtop the spillway chute training w a l l s  at flows 
up t o  and including the rnaxhum discharge with the wa l l  height shown 
on Figure 2. 

6. The hydraulic jump will form satisfactorily in the stilling b a s h  
with ~e 1 t o  42.2 sloping apron. 



the maximum design discharge. 

8. Protection of the riverbed by riprap of 1 cubic foot to  1 cubic 
yard size will prevent serious erosion without the aid of downstream 
wing waUs (Figure 15). 

9. Spillway capacity curves for free discharge and gate control a r e  
on Figure 26. 

10. Water discharged from the river outlets into the spillway chute 
will spread and flow evenly to  the stilling basin (Figure 22). 

11. Pressures on the bellmouth entrance of the river outlets will be 
above atmospheric for all flows (Figure 21). 

12. Capacity curves for the river outlets a r e  on Figure 26. 

RECOMMENDATIONS 

I. Use End Pier  F with an undercut upstream extension and an 
elliptical section between elevations 2787.8 and 2775.0, for the Trenton 
Dam spillway (Figure 7F). 

2. Use the training wall  with the top slopes and elevations shown 
on Figure 2. 

3. Slope the stilling basin floor (1 on 42.2) from elevation 2655.50 
at Station 37+75.00 'to elevation 2653.0 at Station 38+80.50. 

4. Use riprap of 1 cubic foot to 1 cubic yard size immediately down- 
stream from the stilling basin (Figure 2). 

5. Discharge equal amounts of water through each of the three radial 
gates to assure even flow distribution through spillway chute and stilling 
bash and to  prevent overtopping of the training walls and undue erosion 
of the r iver  channel. 

The design. of the hydraulic features of the Trenton Dsrnn spill- 
way were evolved jointly by engineers of the Danns Branch and the Hydrau- - 
Uc Laboratory of the Engineering Laboratories Branch. 

INTRODUCTION 

Trenton Dam and Reservoir a re  located near Trenton, Nebrash ,  
on the Republican River (Figure 1). The reservoir is l U e d  wfth Enders, 
Bed Willow, and Medicine Creek reservoirs for flood control arid irriga- 
tion storage. The dam is a compacted earth structure having a length QP 



Water f rom the ress rvo i r  is passed through the spillway at the 
left abutment of the dam o r  through the canal outlet works located ap- 
proximately 6,300 feet t o  the right of the spillway. Flood discharges . are released by three 42-foot wide by 30-foot high float-controlled 
radial  gates over a 126-foot wide spillway cres t  at elevation 2743, 
Figure 2. The 126,500 cfs maximum discharge f rom the overflow sec-  

C tian of the spillway will flow through the spiLlway chute into a c o n c ~ e t e -  
Lined stilling basin k v h g  a constant width of 266 feet. The 133,000 c f s  
discharge given in Figure 2 was a preliminary design cri ter ia .  Chute 
blocks 5 feet high by 5 feet wide were placed at the upstream end of the 
stilling basin, and a dentated sill 9 feet high was used at the downstream 
end. The floor elevation of the stilling b a s h  was 2653 with a training 
wall height of 57 feet t o  provide 9 .4  feet of freeboard above normal tail- 
water  elevation of 2700.6 for the Inaxhum design discharge. 

Normal r ive r  discharges flow through two 6- by 7-f00t 6-inch 
river outlets with an invert elevation of 2710 which pa s s  under the over- 
flow section on the longitudinal center  line of the two 8-foot-wide center 
piers .  The river outlet entrance is a rectangular bellmouth 14 feet wide 
by 14.5 feet high which reduces in 15 feet by elliptical curves to  the 6- 
by 7-fod 6-inch conduit. The flow through the  r i ve r  outlets is controlled 
by two 6-foot by 7-foat 6-inch high p ressure  slide gates. The top of the 
r i ve r  outlet exit coincides with the downstream end of the center p ie r s  
at Station 3 0+54.18 and the bottom blends into the spillway chute 26.5 
feet  downstream: The two r i ve r  outlets discharge a maximum of 4,100 
cfs which flows through the spillway chute t o  the stilling basin. 

Irrigation water from the rese rvo i r  passes  t o  the canal outlet 
works through a 56-inch pipe. A 4- by 4-foot high p ressure  slide gate 
controls the discharge into a 16-foot hexagonally-shaped vertical stilling- 
well. A report  of the hydraulic studies of the canal outlet works is pub- 
lished separately as Hydraulic Laboratory Report No. Hyd. 300. 

~ DESCRIPTION OF MODEL 

The hydraulic model of Trenton spillway was built to  a sca le  of 
1: 54 (Figure 3). The model consisted of a portion of the reservoir ,  the 
upstream approach channel, all of the spillway including the stilling basin, 
?and a section of the channel downstream. Topography upstream of the 
spillway was constructed of concrete mor ta r  and the topography downstream 
was formed in sand. The spillway cres t ,  chute, and stilling basin apron 
were formed of mor t a r  using met& templates for profile guides. The radial  

t gates were made of metsl  and the p iers  of wood. Water for  the model was 
supplied by a 12-inch centrifugal pump and  measured by venturi meters. 
The flow approaching the crest'  was uniful-My distributed by passing it 
through a rock baffle. A point gage with vernier  graduations to  thousandths 
of a foot was used t o  measure  the reservoir  elevation and a staff gage scaled 



both the overtlow section and in the r iver  outlets to determine water 
pressures. 

C 

INITIAL OBSERVATIONS AND TEST PROC EDTJRE 

When the model of the preliminary design was placed in opera- * 

tion, the over-all hydraulic action of the spillway was  generally good but 
the overflow section and the stilling basin indicated possible improvement. 
At the inside of both end piers a water surface depression (pier contrac- el 

tii 1) occurred which resulted in unequal flow per  foot width across  the 
two outside overflow sections. Heavy fins of water formed downstream 
from each of the two center piers which indicated streanalining to be de- 
sirable. The flow through the spillway chute topped the training wall  in 
the vicinity of Station 36+15 (Figure Z ) ,  but the efficiency of the stilling 
basin indicated that the floor could be raised to require less  excavation. 

As a result of the initial observations and consultations with the 
designers, it was agreed that the two end pier upstream extensions should 
be studied for the purpose of iiicreasing the capacity of the overflow sec- , 
tion and of obtaining equal lateral distribution of the flow entering the 
spillway chute. After a solution had been obtained for the overflow sec- 
tion, the stilling basin was studied in regard to depth and to the elimina- 
tion of erosion occurring at the exit corners. On the completion of the 
spillway revisions, calibration of the overflow section includirig the r a w  
gates and r iver  outlets concluded .the tests.  

TP;I'VESTIGATION OF TPXE: SPLLWAY OVERFLQW SECTION 

Preliminary Upstream Extension of the Two End Piers--End Pie r  A - 
A calibration of the spillway overflow section (Figure 3A) with the 

two preliminary end piers  (End Pier A Figure 7A) showed a rnaxhaun 
flow of 125,500 cubic feet per second at the maximum reservoir  eleva- 
tion of 2785. This was below the preliminary design maximum of 
133,000 cfs. Flow contractions at the end piers were responsible for a 
part of the deficiency in  discharge. The flow disturbance for discharges 
of 50, 000, 100, 000, and 125,500 cfs, which originates with the contrac- 
tions and passes through the overflow section of the spillway, is shown 
in Figures 4, 5, and 6 .  Water spilled over the walls immediately down- 
s t ream from the end p ie rs  where a fin was formed by the flow contraction 
(Figure 6A and B). It was apparent that i f  the flow contractions were re- 
duced o r  eliminated, the water surface along the pier wall would be lowered 
and a more uniform flow distribution without overtopping of the walls would 
be obtained. 

The foundation material in the approach channel to the spillway 
beyond the upstream end of the concrete of the overflow section was not 
suitable for supporting the weight of either an end-pier extenaion o r  a 
wing wall. Thus, the use of a wing wall for Trenton Dam spillway was 
not feasible and consideration was given to the use of pier extensions 



29767.44 (Figure 2). Based on a similar flow distributi6n problem 
whose solution resulted in wing walls extending into the reservoir  where 
approach velocities were low (see Report Hyd. -279 on Medicine Creek 
Dam spillway), above restrictions imposed a more difficult flow distri- 
bution problem. 

Dete&mination of End Pie r  Shape 

For determining the size and the shape of the end pier exttmsion, 
end pier A was removed and a se r ies  of thin sheet-metal plates were 
attached in a vertical position to the side-wall of the overflow section (Fig- 
ure  8A). The flow distribution in the spfflway with these plates was sim- 
ilar to  that which would occur for the end pier. Metal and modeling clay 
were used to form .the general shape of the flow contraction void as the 
water flowed past the plate. A ser ies  of plates having a vertical leading 
edge (not shown in Figure 8A) were extended into the reservoir 5, 10, 
15, and 22.25 feet measured from Station 29-t-89. 69. This type of end 
pier was unsatisfactory for improving the flow disturbance. 

End Pie r  B 

A study of the flow distribution and conditions in the immediate 
vicinity of End Pier A and the sheet-metal plates led to the following con- 
clusions: The water entering at the ends of the overflow section s f  the 
spillway Dowed at right angles to the spillway center line and caused flow 
contractions because of the abrupt change of direction, and conversion of 
pressure head to velocity head. If the velocity and pressure reduction were 
gradual, as is the case for wing walls that are uniformly cltrved and ex- 
tended into the reservoir, the flow contraction would be reduced. Appuca- 
tion of this knowledge to the Trenton end pier extensions led to an under- 
cutting of the end pier a s  shown in Figures 7B and 8. 

A comparison of Figures 6 and 9, end pier A and end pier B, shows 
a 500 cfs increase in  spillway capacity and some improvement of the flow- 
conditions through the spillway even though end pier B was roughly shaped 
in metal. The undercutting caused the water acceleration and pressure  
reduction t o  occur along the sloping upstreqm end of the extension instead 
of occurrhg a t  the vertical upstream end of end pier A. A further re-  
duced £low contraction was thought possible by proper shaping and sloping 
this type of extension. Further tests  were -made to accoxxzulish this. 

End Pier  C 

Since there was a decrease in the flow contraction for end pier B, 
a second extension with the outside face at 30° with respect t o  the spillway . center line was constructed of metal (Figure 7C a.nd 10A). Approxfmate 
dimensions taken from the metal end pier a r e  shown on Figure 7C. A com- 
parison of the water surfaces on End Pie r  B (Figure 9) and on End Pier C 
(Figure 10) shows the decrease in flow contractian and the decrease in water 
surface height as the flow enters the chute. 



I 
I Two factors were res~onsib. le  for this imnrovement. I f )  the 30° 

angle which decreased the required change of direction for  the'water t o  
enter the spillway, and (2) the decrease  of slope f rom  to^ to bottom of 
the end pier.  ~ & w e v e r , ' ~ n d  P i e r  C was fiat used for  ~ r i n t o n  spfflway 
because it was believed that the p ier  extension could be reduced in size 
and the outer side could be maintained parallel to the spillway center . 
line. 

End P i e r  D 

In deteirmining the shape for the end pier  extension, it was de- 
cided to  make the end pier  no more  than 8 feet wide and to  maintain the 
outer side parallel to the spillway center line to facilitate construction. 
Several shapes were formed in metal  from which dimensions were taken 
t o  shape the woolden End P i e r  D (Figures 7D and 1lA). 

The plain view of the end pier  at elevation 2787.79 was defined 
by 1 /4  of the ellipse X2/ (22.2512 + */ (712 = 1, and a I-foot radius a r c  
which was tangent t o  the upstream end of the ellipse and t o  the outer side 
of the p ier .  The maximum width of the ~ i e r  was 8 feet. with 7 feet r e D -  
resenting one half the ellipse minor axis. One half thes ellipse maj or * 
axis, 22.25 feet, was the maximum allowable because of the location of - . - - - - - - - - - - - - 
the 5-feet wide by 8-feet $-inch long radial gate float wells in the end 
viers .  The center of the float well is at Station 29+93.40. The s ~ ~ t i n n  - -- -- - -- . - - -  --- ---- -------- 
ihrough the end pier  was constant f rom elevation 2787.79 t e  2785 where 
the nose was sloped toward the spiliwav on a 1 t o  1 .7  s l o ~ e  to elevation 
2754. At elevation 2754, the shape of ihe end pier  was a 'semicircle  of 
&foot radius which was extended down below the floor of the approach 
channel. Sections t h o u g h  the end pier between elevations 2785 and 
2754 were defined bv the t race of the e l l i ~ s e  on the s ~ i l l w a v  side 

- - - - K - -  ---  - - -  -r--  - - - d  ----- An 
aFc with a radius. Ghich varied from 1.0 font at elevation 2785 to 4.0 

~ter  
- -- ---- - - - - - --  -- --- - - -- -- 

feet at elevation 2754, -was tangent t o  the ellipse and to  the flat, ou 
side of the end pier .  The a r c  also intersected the 1 to  1 . 7  slope. 

Flow distribution (Figures IfB and C) through the overflow sec-  
tion was improved for  aU discharges except from approximately 120.000 
t o  126,000 cfs. Through this  range, the flow past the extension be----- 
unstable. Water flowing from the reservoir intn the snillwav did nnt - - - - - - . - - - - - - - - - - -r--- - J --- --- - 
contfnuously follow the zurve of the end pier. The water was s~rincinc 
clear  of t h e  inside face of the end p ie r  for  short  periods of tim; andvthGn 
moved back in contact, which would cause vibration. The pr imary source 
of this  instability was found to be the 1 to  I. 7 slope of the end pier exten- 
sion. With the upper end of the sloped portion of the p ie r  at elevation 
2785, the water change of direction was still too abrupt on the upper por- 
tion of the sloped section. The upper end of the slope of the end pier  was 
lowered in elevation by using modeling clay, t o  begin at elevation 2775 
and end at 2745, which kept the slope approximately the same as on end 

0 

pie r  D but at a different elevation. The flow past this  revised e-dension 
was stable. 



Impingement of the water flowing through adjacent sections of the 
overflow portion of the spillway resulted in fins of water downstream of 
the two center p iers  (Figure 13C). Because of s tructural  consideratio~ns, 
the downstream edges of the p iers  could not be readily streamlined. As 
noted f rom Figures  2 and 3, the center  p ie r s  bridge the r ive r  outlets, 
and any tapering of the downstt-earn cnd of the p ie r s  would require added 
reinforcement in the top of the outlet conduits. Moreover, the radial  
gate counterbala,nces with guides made of s tee l  I-beams operate cp and e 

down the ends of the p iers  and tapering of the p ier  ends would make! I.t 
more difficult t o  attach the s tee l  I-beam -ides. 

Nevertheless, reshaping of the downstream ends of the picers 
was studied to determine the influence on the flow distribution irm the spill- 
way chute. Some improvemont of the distribution immediately below the 
overflow section was obtained by tapering the downstream ends of the p ie r s  
to 1 foot, Figure 14A and B. The fins at  the ends of the tapered p ie r s  
were approximately one-eight the width of those with square p ier  lends, 
although rising t o  the same  height. A second fin occurring at Station 13+ 
95 in the chute downstream was :hln although at t imes  rising above the 
top of the training wall. Flow distribution downstream of the disturbance 
caused by the fins was essentially the s ame  for  both the square and the 
tapered p ie r  ends. Slightly more wave action a t  the training walls through- 
out the spillway chute was noted f p r  the tapered ends. Because nlo out- 
standing improvement was accomplished with the tapered p ier  ends and 
they introduced structural  problems, the designers  decided in favor of 
the p ier  without the taper .  

INVESTIGATION OF SPJLLWAY CHUTE AND STUlLING BASIN 

Spillway Chute 

Satisfactory flow conditions were established through the over- 
flow section by using the recom.nended end pier,  design F, Figure 7. 
The flow was nearly equal pe r  foot width within the spillway chute except 
for the f i n s  that forml2d downstream of the center piers .  There was slight 
evidence of the wader overtopping the training walls of the model which 
had not been increased in height. With a 5-foot increase in  training wall 
height a t  Station 36+15.00, near the point of intersection of the chute slope . 
and the vertical curve that enters  the stilling basin (Figure 2), no over- 
topping will occur. A decision was made by the designers to  increase the 
height of the spillway trai,?ing wall at this station, f rom elevation 2118.64 
to  elevation 2724.04. This change in the training w a l l  height decreased 
the siopt: of the training wall top from Station 31.9-65.00 to  Station 36+15.00 
and increased the training wall slope from the la t ter  station t o  the stilling 
basin, Station 37t75.00. 



Prel iminary inspection of the flow conditions fo r  various dis- 
c h a r g e ~ ~  into the stilling basin showed satisfactory operation. Forma- 
tion of the jump star ted well up on the sloping floor to  the basin and the 
chute blocks remained covered for all discharges. At rnIucimum a s -  
charge the jump used the full length of the basin, with the surface rough- 
ness caused by the jurnp extending approximately 30 feet downstream. 
Eddies were formed on both sides of the b a s h  exit near  the 2 to 1 sloped 

v bank and the retaining wall. A maximum water velocity of approximately 
7 feet ptsr second was attained by these eddies at a point 5 feet downstream 
of the retaining wall m d  at elevation 2660, which was approximately the 
top of the dentated siU. 

Erosion of the Spillway Exit Channel with Sand and Riprap 

,Specifications for  Trenton spillway re.quire r iprap  for a distance 
of 110 feet downs~ream ~f the stilling basin and includes the 2 to 1 slopes 
t o  elevations above niaxLzpum tail-water elevation, 2705, on both sides of 
the basin exit. The r iprap  blanket is 3 feet thick and zompose:i of rock 
varying from 1 cubic foot to  1 cubic yard in size. The model channel was 
formed according to Figure 2 in sand representing a n  erodikle material  
with a 5/8-inch and smal ler  screened gravel for r iprap (Figure 15A). 
Operation of the model for  4 hours at a maximum discharge of 126, 500 cfs 
and at the maxim-im tail-water elevation, 2700.6, resulted in the erosion 
pattern of Figure 15B. An erosion depth of 2 feet occurred on the right 
s ide  of the basin near the training wall but without seriously disturbing 
the  gravel. A general downstream movement of the gravel o c c u ~ r e d  
ac ross  the channel width, but some gravcl was moved upstream hy the 
ground eddy and deposited on the downstream side of the dentated sill. 
Riprap on the 2 t o  1 slopes adjacent t o  the retaining walls (at  the end and 
at right angles to the spillway training w a s )  was not moved except that 
at the downstream edge of the blanket on the left side of the basin. The 
r iprap  material  in t h b  a r e a  was moved upstream toward the erosion 
pocket by the eddy. The eddy tended to ca r ry  gravel down the slope op- 
posite the end of the training wall. The extent and depth of the r iprap  
blanket was considered sufficient, and the design was satisfactory. Fo r  
comparison the same  test  w a s  made using only sand as a riverbed mate- 
r ial .  

Erosion of the S~ i l lwav  Exit Channel with Sand 

Channel contours were re-formed in sand after screening out the 
majority of the gravel. Two erosion t es t s  were made with the use of sand, 
one for  2 hours (.Figure 16A) and one for 4 hours (Figure 16B) at 126, 500 
c f s  and a tau-water elevation of 2700.6. The erosion pattern formed at 
the end of 2 hours showed a maximum erosion depth of 9 feet which pro- 
gressed t o  a depth of 13 feet at the end of 4 hours, both depths refer red  
to the elevation of the basin floor 2653. The eddy velocity was great  
enough to erode away the 2 t o  1 side slopes (sand) h both the 2 and 4 hour 
tests.  Without the use of r iprap this amount of erosion was considered un- 
satisfactory for safety of the structure. 



In the past, several  ways have been determined to reduce the 
type of erosion described in the previous paragraph. The best way when 
feasible, is to gradually expand the stFhling basin width by means of wing 
walls downstream of the sffl. These walls have proved costly in spill- 
ways the s ize of Trenton when they must be 50 t o  60 feet long and must 
be of the same height as the basin training wall. Therefore, a relatively 
small wing wall similar t o  a buttress was set at right angles to the r e -  
taining wall (Figure 17). The position selected in Trenton was 11 feet 
6 inches from the stilling basin corner.  A tes t  was made with the wing 
wall extended downstream 20 feet which was the convenient length to per- 
mit the wall t o  r e s t  on the same  footings as the retaining wall. The wing 
wall reduced the erosion at the corners  of the basin but it did lit-Ue to  pro- 
tect the slope, The m:iximum depth of erosion at 126, 500 cfs and a tail- . 
water elevation of 27G0.6 was 8 feet, located a t  the end of the downstream 
wing wall (Figure 17A). Sand completely covered the cut-off wall at the 
end of the basin, and with the exception of the extreme corners  sand covered 
the downstream side of the sill. The 2 t o  1 slope6 near  the retaining walls 
were erolded t o  approximately 5 t o  1, A second wall of 15-foot .length was 
added at a distance of 24 feet 6 inches from the basin corner  without mate- 
rial improvement to the erosion pattern (Figure X73), although the depth 
of erosion was reducer? from 8 to 5 feet. The buttress wing wall reduced 
the amount of r iprap required since only the slopes need be covered but 
the additional cost of the wall for Trenton was not considered warranted. 
Therefore, a spillway exit channel protected by 1 -cubic-foot to  I-cubic- 
yard r iprap and with retaining walls a t  right angles to  the spillway center 
line was recommended (Figure 2). 

Stilling Basin Velocity Measurements 

Concurrent with the sand erosion tes ts ,  maximum velocities were 
measured at severa l  locations in the stilling basin and spillway channel 
and plotted in Figure 18. The velocity profile at the end of the  basin WL.; 
good with the highest velocities near  each training wall. The velocities 
ac ross  the basin exit were sufficiently equal that no recommendations were 
made in reshaping of the spillway chute training wall. 

Sloping of Stilling Basin Flwr 
I-- 

The p r e l i x n h r y  stilling basin was designed for  a horizontal floor 
at  elevation 2653. To withstand anticipated uplift p ressures  under the 
stilling basin floor, the designers increased the thickness of ,the concrete 
to approximately 2. 5 feet at Station 37+75 (upstream m d ) .  This was done 
by incorporating a 42. 2 to 1 slope up f rom elevation 2653 at the dentated 
sffl to the intersection of the basin floor with the 3 to 1 slope of the spill- 
way chute (Figure 19B). Triangular fillets 5 feet high, 15 feet wide and 
full length of the basin were added to  the basin training wall and floor junc- 
tion. An erosion test  made with this change showed no appreciable differ- 
ences with the horizontal floor (Figure 16A). Sand was used in this test 
because it is m w e  easily moved by the water and therefore differences 
would be  more  readily apparent than by using riprap. Since good flow 



and was recommended for Trenton skillway (Figure 2). 

RECOMMENDED SPILLWAY AND APPURTENANCES 

Flow Condition in Apijroach Channel and Overflow Section 

With the completion of the stilling basin studies, the Trenton 
II spillway was considered t o  be hydraulically satisfactory (Figure 19). 

Further studies were made t o  record operational characteristics, such 
as water-surface profiles, pressures on the overflow section, and flow 
capacity of the spillway. 

Figure 20 shows the water surface profiles on the pies walls of 
the reco~nmended overflow section (Figure 19A). ' With the recommended 
End Pier F, nearly equal flow per  foot across the overflow section ex- 
isted -with water surface contractions at the end piers  only slightly greater 
than those on the center piers. These contractions were acceptable. 

Overflow Section Pressures  

Pressures  on the overflow section were recorded at the maxi- 
muxi reservoir  elevation, 2785, at e t e  openings of 5, 10, 15 feet and 
full gate opening (Figure 21). Slight subatm~spher ic  pressures were 
found for all flows. The maximum -was minus 4.5 feet of water. 

River Outlets Through Overflow Section 

The previously described river outlets could not be studied in 
detail because of the small scale of the Trenton model. Since no spera- 
tion difficulties were anticipated up to and including the design hcad cor- 
responding to re  gervoir elevation 2773, which is the elevation of the top 
of the radial gates when they are closed, a larger  m ~ d e l  was not con- 
sidered necessary. With the outlets closed at the entrances by metal 
plates, water flowed from the gate air vents on the downstream side of 
the two center piers at maximum discharge and reservoir  elevation 2785 
(Figure 11C). The flow was from water entrapped under pressure within 
the outlet. The pressure soclrce was apparently a pressure r i se  which 
accompanied the turning of water on the curve of the overflow section be- 
tween Station 30+54.18 and Station 30+80.97. This condition will probahly 
occur without detrimental effect for maximum discharge with the outlet 
gates shut in the full size s t~uc tu re .  

Outlet Flow Distribution on Splllway Chute 

Outlet flow distribution across the s p a w a y  chute for reservoir  
elevation 2720, and a discharge of 875 cfs, is shown in Figure 22A, and 
for reservoir  elevation 2752 and a discharge of 3,570 cfs is shown QI Fig- 
ure 22B. The distribution was considered satisfactory. 
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Capacity of the two r i ve r  outlets has been plotted in Figure 26 
and p ressures  occurring in the bellmouth entrance have been plotted in 
Figure 21. The model outlets were  constructed without control gates 
which limited the calibration to f u l l  open gates a t  vnrious heads. The 
r n a x h i ~ r n  discharge for the two outlets is 4 , 2 8 0  cfs at r e se rvo i r  eleva- 
tion 2773. P r e s su re s  in the bellmouth were positive and only slightly 
negative in the  outlet downstream of the slide gates for the two reser- 
voir elevations of 2773 and 2743 which cover the upper range'of opera- 
t ion. 

P r e s su re s  at Float-Well Intakes 

For radial-gate operation at Trenton Dam. water is supplied 
from the rese rvo i r  to sk  float wells located in the four p i e r s .  Rate of 
water flow to  the wells is dependent upon the pressure  at the  well in- 
takes. With the rate of gate opening proportioned to  the ra te  of r e s e r -  
voir rise, the relationship of the p r e s su re  at the intakes t o  the r e s e r -  
voir elevation is impcrtant. It is desired that the p ressure  head at the 
intakes correspond to reservoir elevation. The intakes should be  lo- 
cated where velocity of flow does not reduce the intake p ressure  below 
reservoir  head. Pressures were obtained for two intake proposals: 

1. Two intakes located on the outsides of the end p i e r s  a t  Station 
30+01.00 and one intake on the right center p ier  at Station 25+6'7.44, 
all at ele-tion 2766.36.  These intakes were  t o  supply water to all 
float wells. 

2. One intake on each of the center  l ines  of the right and left een- 
t e r  piers ,  and one five feet to the left of the center line of the right 
center pier ,  all a t  elevation 2728 and over the entrances t o  the r i ve r  
outlets a t  Station 29+67.44. AU. of these intakes were protected by 
the river-sutle2 trashracks and supply water to all float wells. 

F o r  Proposal (I), as the radial  gate opening was increased, the 
reservoir  elevation indicated by piezometers located at the float -well in- 
take positions deviated lineally f rom the actual reservoir  elevations. 
This deviation varied from 0 at  r ese rvo i r  elevation 2773 and the radial 
gates closed t o  0.5 foot of water a t  reservoir  elemtion 2778 and the gates 
25 feet open. This was considered acceptable; however P r t ~ p o s a l  (1) was 
considered unsatisfactory because debr is  could collect under the roadway, 
cover the intakes m d  this may cause improper regulation of the radial 
gates. Also, wave action with the reservoir  a t  gate top elevation 2773 
could cause a pressure  fluctuation a t  the intake elevation 2766. 38 that could 
open the gates and waste water 

F o r  Proposal (21, thc. cieviation of indicated rese rvo i r  elevation 
to that of the actual reservoir  eievation varied from 0 with the gates closed 
to 0 . 1  foot at  a 20-foot radial'gate opening. With the intakes protected by 
the r iver  outlet t rashracks  and at an elevation low enough to eliminate wave 
effect, Proposal  (2) was considered satisfactory. It was planned that the 



through the outlets does not enter the problem. 

Flow Conditions Through Spillway 

Figures 23 and 24 show satisfactory flow conditions in the spill- 
way chute and stilling basin for discharges ranging from 25,000 cfs to the 

a 
maximum of 126,500 cfs.. Morm.al cantrol of the flood discharge will bp 
maintained by the float-controlled radial gates. Entrance and exit flow 
distribution at the overflow section was shown in Figure 13B and C for 

q the maximum discharge of 126,500 cfs. ~ P t h  radial gate control of dis- 
charges of 25,000, 50,000, and 100,000 cfs, entrance conditions to the 
overflow section were tranquil except for the normal vortices that formed 
at  the junction of the gates and piers. A discharge of 160,000 cfs, 26 
percent over design maximam, was passed through the spillway. Flow 
distribution at this discharge evidenced no serious overtopping of training 
walls. The jump remained in  the stilling basin, moving to the middle of 
the basin only when the tail  water was lowered 5 to 6 feet below elevation 
2702, which is approximately the tail-water elevation corresponding to a 
discharge of 160,000 cfs. 

Water-Surface Profiles in Stilling Basin 

Maxim:~m water-surface profiles in the stilling basin for a dis- 
charge of 126,500 cfs and tail-water elevation 2700.6 have been plotted 
in Figure 25. The. minimum freeboard on the basin walls is 0.5 feet.- 

Spillway Capacity 

The discharge capacity curves of Figure 26 a r e  for the recom- 
mended spillway design shown in Figure 2. Figure 26 includes capacity 
curves for the radial gates at various openings. The capacity of the 
spillway exclusive of the r iver  outlets with the reservoir  at elevation 2785 
was 126,500 cfs, the designed value, The capacity of the spillway in- 
~ l u d i n g  river ~ u t l e  t s  with reservoir  at elevation 278 5 was approximately 
130,000 cfs. 











A. Spillmy eatmace 

B. Spillway cute and st f lhg  basin 

PREUMB3A3Y SPILLWAY DmX3N - DBCBWWGE OF 180.000 CFS 
TrwrOaa Dam 



A .  Flow distribution and now contraction at spfflway entrance 
(Flow right to left) 

C . Spillway chute and stillfng basin 

PRELIMINARY SPILLWAY DESIGN - DISCHARGE OF 125.000 CFS - AT 







A. Flow distribution rat spillway entrance for errd pier B 

B. Flow dkribution in osrer i l~n  section for end pier B 

SPILLWAY E D  PTEB B - D3SCPPBEM;E 128,000 CFS AT MAXIMUM 
RESEBVCXR ELSVATLOPJ 2?8S 

Trent-- 



A. End pier C 

B. Flow distribution at spillway entrace for end pier C 

C.  Flow distrib.aion in overflow swtiae for end 2ler C 

SPILLWAY END PXER C - DBCBIABGE 128,000 CFZ AT 
RESERVQHR ELEVA'FION 2185 

m a n -  







A. Exlp*F-Wac- 

RECOMmNDED SPILLWAY END PIER 5 - DBCHARGE 126.500 CFS 
AT I.ERVOIR ELEVATm 2785 



Repor3 Hyd. 301 

A. Strtnmltntrag of trail@ edge of center piers 

B. Flow distribution dosRnstnam of ovelllow section sh- 
3 fins d water, one P.~.<)pg the end of each center pber and 
OM B f  Station 31+S5.8 - Discbarge 126,000 cZs 

SPILLWAY FLOW WITH 8TREIAtIJNW TRiUUHG EDGE OF CENTER ETEBS 
Trenton Dmn 



c. ' 

A. PreJ-y st i lbg  basin aad spillaay exit ctrannnl with 
represcntaoive 1 cubic foot to  1 cubic yard riprap 3 feet 
in thickness 

B. Erodon after a 4-bow &charge of 126.68Q) cls at a 
tailwater elevaUcm of 2700.6. Basin floor dewtion 
2653 

EROM[ON IN SAND AND RPPlRAP SIBiuWAH EXIT CIBIWNEL 
Trenton Dam 
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- VELOCITY - r e t r  PER c ~ c o n o  
PROFILE 

VELOCITY TRAVERSES AT SPILLWAY STILLING BASIN 
TRENTON DAM 



B. Spillway chute axxi stilling basin - reco~lnrended d e w  
1 on 42.2 slope up fn diredicta of artow 

1: 54 IMQDEL OF RECQB9B6ENDm %-WAY DESMPV 
TreatcaDanr 



WATER SURFACE PROFILES 
IN O V E R F L O Y  SECT ION OF SPILLWAY 

TRENTON DAY 





A. Flow distribution in spfflway chute with river outlets 
d i s c k g i n s  875 cfs at reservoir elevation 2120 

B. Flow distribution in spillway chute with river octlets 
discharging 3570 cfs at reservoir elevation 2752 

R I D R  OUTLETS DISCHARGING IN SPILLWAY CEItJ'FE 
Trent- Dmm 



A. Flow ia spillway chte s9d stilling berain - Wrscbwge 26,000 
cis - Reservoit elmtion 2781 - Gate qenhg 5.2  feat 

B. Flow in spillway chute and sOilbggg basin - Mxbrge 50, OQO 
cfs - Besemolp e ~ ~ o n  2785 - Opte cpePing 11.9 fe& 

R E c O ~ N D E D  SPLLWAY--DX&%BGE 35,008 AND 5 9  000 CFS 
Trenton Dam 



A. Flow in spillway cknte and stillfgg basin - Discharge 100, QOO 
cis - Reservoir eleration 2765 - Gate opening 26.8 feet 

B. n o w  in spill- chste .nd s ) t g  b-ln - ~ s e h p r p e  116.50~ 
cfs - IZeserudx eleontbm 2785 - F n e  D t s b g s  



WATER SURGE PROFILES 
IN SPILLWAY STILLING BASIN 

TRENTQN DAM 




