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PURpqsE control structures are needed to more fully understan 
ynamic processes involved. 

. . 
The purpose o f  the investigation was to optimize the 
design of the existing :ice control structure in  a limited 
time. Although three, prototvpe boom configurations INTRODUCTION . , 

were tested, field modifications were impossible after 
the onset of the winter seaspn. Platte River experiences ice c 

,:., 
evwv winter and at times ice iams are formed. The ice 1 

formation process is  typical of that occurring on most 
CONCLUSIONS rlvers in  cold regions. 

1. Although the ice simulation was not complete, the 
use of matF als such as polyethylene to simulate ice in 
hydraulic models affords considerable insight into the 
hydrodynamic aspects of Ice cover formation. 

2. The removal of the rocky protrusion on the 
riverbed at Station 9100 will improve the riverflow 
characteristics at the control structure. 

3. Placement of a submerged overflow s i l l  or a 
jetty-constriction downstream of the control structure 
is necessary to pool the water, thus reducing the 
Froude number in the area of the control structure. 

In  t h2  fall of 1966, the North Plane River Projects 
Office initiated an experimental prototype study of an 
ice eontrol structure on the North Platte River (Figure .' 
1). The operation of the control structure (log boom) \?, .; 
was' expected to create an ice cover artificially by <-;) 
capturing float ice, resulting i n  an ice cover which3 
would progress upstream from the boom i"?",a .'' \!. 
predetermined area. !n t h i  fall of 1968. the flrst 
prototype log boom was installed 7 river-miles (11.26 
km) upstream of Casper. Wyoming. The, immediate 
objective of the log boom installation was to reduce 
the amount of slush ice flowing into the area of,Red ,,,+ 

Butte Village, a small residential development 
of Casper. 

4. The 14.ft (4.27-m) cable sag retains the ice cover 
more satisfactorily than the larger 45-ft (13.72-111) sag. 
This results in an increase in the cable tension, on the 
order of twice that of the 45-ft (13.72-m) sag. 

5. The "upstream V" configuration of the control 
structure boom provlded a more stable ice cover than 
the parcbolic boom configuration. 

6. The boom configuration with the 6-inch (15.24-cm) 
bottom spikes retained more ice than that with no 
bottom spikes. The 12-inch (30.48-cm) bottom spikles 
showed little improvement over the 6-inch (15.24.cm) 
spikes. 

1 
'I 

7. The 80-foot (24.4-m) spacing between booms 
appeared to be more satisfactory than the j a rg~ r  
spacings. Due to the absence of shore ice in themodel. 
the effects of the boom spacing are difficult t o  
evaluate. /i 

I, 
1 

APPLICATION i 
Although this investigation was limited t o  a s~ec i f ~c  

I >-- .-. 
Prototype Ice Control Structure ,! 

The ice control structure has been;:placed across &he 
Nprth Platte River each winter from 1968 t o  1970. 
The cable afid spike configurations hive been modifi'ed 
several times. The timbers, illustrated in Figure %A, are : i~ 

1% ft (3.66 ml  long. 14 inches (35.56 cm) high, 15 
inches (38.10 cm) wide at the top. ayd 20 inches 
(50.80 cm) wide at the base. The original spikes 

- extended 12 inches (30.48 cm) above the timbers and 
curved 12 inches (30.48 cy) below the timbers (as 
shown in the figure). The'spikes served as a rake in  
preventing float ice from': passing over or under the 
timbers. Moss in  the shalljw river was caught by the 
lower spikes (Figure 20) anci&sed:$e boom to float 
low in the kater. The spikes were cut off the bottom I 
of the upstream boom and' shortened to 6-inch 
(15.24-cm) straight spikes on the bottom of the 
downstream boom. 

0 '1 1 
::.. 

The control structure includes fbur anchofKlEks. two 
on each shore approximately 72 ft (22.86 m) apart. A t  -.. 
present, two 1-inch (2.54-cm) cablesspan the river and 

- 

the 12-ft ( 3 . 6 6 4  timbers are attached to the cables 
by 3-ft (0.91-mi lengths of 318-inch (0.95-cml chain. 

reach of the North Platte River, the conclusions of the, pr,iou, investigations 
report could be applied t o  other river reaches of the 
North Platte and other alluvial rivers. The re-ults ard Groat Ill*, as early as 1918, used a hydraulic m o d e l  
encouraging, but more investigations related t o  river i c d  to study ice diversion using paraffin to simulate float 

*Numbers in brackets designate references at end of text. 



ice: Several investigators [2. 3, 41, have used'hydraulic electric motor (Figure ' 48) to agitate the "ice" 
models as a tool t o  better understand ice processes on particles. An adjustable gate at the bottom of the 
rivers and reservoirs. Materials such as wax, pzraffin, hopper controlled the rate of application of the "ice." 
wood, and polyethelyne have been used t o  slinulate A wire screen basket was installed at the downstream 
ice. , , end of the flume to collect the "ice" used during the 

tests. 
There are two areas of similitude involved inmodeling 
ice porcesses 15. 61. One area involves the modeling of Test Procedure 
individual ice floes in a river whers the internal 
properties of the ice are neglected and the s'imilitude is , A uniform test procedure was adopted throughout the 
based on hydrodynamic consideration;;.   he o t h t  area . testing program. Each test run was set up with a flow 
involves the modeling of the ice t~roperties. Very . representing 940 cfs' (26.60 m3/sec) in the prototype 
seldom are the two areas completely,in<ependent of river reach. The appropriate water surface elevation 
each other. One area usually dominates; a!id in the case , 5145.20 was then set at Station 12+00 by adjusting the 
of ice cover formation on rivers, the hydrodynamic model tailgate. The "ice" was stored in 50-gallon 
considerations may dominate the formation process, as (0.19m3) drums containing water which kept the 
in this study. plastic wet at all times. (This wetting procedure was 

found to be necessary by Pariset, Hawser, and Gagnon 
131 and verified by the author, in order to keep the 

THE INVESTIGATION absorptive property of the plastic stable.) Once the 
flow paramexers of the river were established the 

The Model . % < ,, hopper was filled with the wet "ice" and the actual run 

A 1,5@ft (457,2.,,,) tiac; of the North Platte River started. Although the ice feed rate was not calibrated, 

t .  , was represented in a .laboratory; model at a :24 visual control kept the feed rate as wen as possible for 

undistorted scale.  hi^ included a river distance of 900 all test runs (approximately 20-30 inch3/min (328-492 

ft (274 m) upstream and 600 ft (182 m) downstream CC@") model units). and point gagi 
from existing log boom site, The 8,riverbedz, was measix?~~ents were recorded at various times 

constructed of concrete using field river cross sections t g h h o u t  the runs. Photographs indicated the .. 

taken at 100.ft(30.48.~) internals along a baseline upstream Progrers~of the i ~ e  cover and its~relative 

running to the river, The river reach under thickness. The test runs were usually terminated when 

study consisted of a wide bend. when *laced in an the ice cover stopped progressing upstream. This was 
existing flume, the bend resulted iyiiic~lique angle of usually accompanied by a significant amount of "ice" 

flow at the upstream end of the river, reach, A rock passing under the ice coverand control structure. In  

baffle directed the flow down the mob'k in a manner order to measure the relative tension of various boom 

similar to the actual flow in the river (Figure 3). Model configurations, a load cell was attached to: the 
discharge was measured wit,, a 900 weir at the upstream boom cable for all test runs and the tension 
upstream end of the flumz. Thewater surface elevation recorded continllously on a dr ip  chart. The quantity of 

was by an adjustable tailgate at the "ice" that had accumulated in the screen basket at the 

downstream end of the flume. TWO point gages were downstream end of the model during a test run was 

used. One gage was placed at Station 12+00 to set the removed from the basket and measured. This i s  
water surface elevation downstream of the log boom. recorded on the data sheets as "ice lost." 
The other gage was installed at Station 4+00 t o  
measure  the^ increase in water surface elevation as the The "ice" that was retained by the boom system was - ' 

ice cover prog~essed upstream from the log boom. then released down the river, collected in the basket, 
and the quantify measured. These volumes of "ice" as 

Ice wassimulated in the model with 118-inch (0.32-cm) well as other test data are presented in Data Shects 1 
hemispherical particles of low.density through 19 in the Appendix. 
plastic "ice." with a specific gravity of 0.910-0.925 
(Figure 4A). A 9.ft (2.74-m) long hopper with a Model Verification 
capacity of 10 cubic ft (0.28 m3) was constructed t o  
feed the "ice" onto the surface of the water. The There was concern, while constructing tge model, as to 
hopper included a 1-inch (2.54.m) diameter plexisiass the finish needed on the concrete to adequately 
rod with eight 118-inch (0.32-cm) protrusions spaced simulate the field riverbed roughness. Studies to verify 
symmetrically around thecircumference of the rod and the acceptability of the model were conducted. The 
running the full length of the hopper. The rod was model discharge and water surface elevation at Station 
placed in the bottom of the hopper and rotated by an 12+00 were established (O = 1,050 cfs, (29.72 m31sec). 
' A l l  dimensions refer to the prototype scale, unless otherwise noted. 



elevation!zt 12+00 = 5144.98) to simulate flow data 
from the prototype when the boom was installed with 
no ice present. Model &eta indicated that the water 
surface elevation at Station 4+00 was approximately 
0.14 f t  (0.043 ml be!ow that of the prototype river for 
a water surface elevation of 5144.98 at Station 12+00. 
Therefore, a decision was made to artificially increase 
the water stidace at Station 12t00 by using the tailgate 
to compensate for the error in riverbed roughness. The 
water surface was raised until the slope term in the 
Manning equation was decreased sufficiently to 
compensate for the low "n" value. This adjusted model 
tailwater. which amounted to approximately 0.012 f t  
(0.37 cm) (model) increase in water surface elevation 
at Station 12t00 decreasing to  zero at Station 4t00, 
was used throughout the testing program. .. 

~ ..... 

Once the model was corrected, surface velocities were 
measured in the model and compared to the prototype 
velocities under the same flow conditions. The model 
velocities were approximately 4 percent below the 
prototype data. 

In general, when "ice" was applied to the model, the 
cover would not progress upstream from the control 
structure as well as in the prototype. Due to the 
relatively high Froude number involved in this reach of 
the river (Fr = @.17), the ice cover formation is 
considered very unsiable. The mechanism of ice cover 
formation in  the prototype appears to be based on 
extension of the shore ice across the river. In the 
model, the absence of the freezing process between 
"ice" particles eliminates the possibility of shore ice 
format~an, thus greatly reducing the structural strength 
of the model ice cover. 

Although the ice simulation is not complete, s great 
deal of insight with regard to the hydrodynamic 
aspects of ice cover formation can be attained with the 
use of such models. The use of materials such as 
polyethylene to simulate ice in hydraulic models 
affords a means of investigating ice formation processes 
under normal hydraulic laboratory conditions. 

TEST RESULTS 

As shown by the data sheets in the appendix, various 
boom configurations were tested (Runs 1 through 13) 
as well as two tests with higher tailwaters than that of 
the prototype (Runs 14 and 15). To evaluate the lack 
of shore ice in the rnodei, large sheetsof polyethylene 
were cut to simulate the shore ice status at the control 
structure site immediately before the ice cover closed 
at the boom and started to progress upstream (Runs 16 
and 17). Two types of artificial constrictions were 

placed downstream of  the ice control structure in order 
to pool the water (Rurs 18 and 19). 

Channel Modifications 

Channel cross sections-The channel cross section 
for Station 9tO0, which corresponds to the location 
of the present ice control struct~we site, is shown in 
Figure 5. A view showii~g the rA:erbed contours in 
May of 1970 1s shown in Figure 6. The rocky 
protrusion of the riverbed in the left center of the 
cross section interferes with the uniformity of the 
flow under the control structure. As the ice cover 
thickens at thezcontrol structure, the effectwe area 
of the left third of the cross section decreases 
rapidly, forcing the river discharge into the right 
channel of the cross sectlon (Figure 7A). The 
intense white i iea on the left side of the river is the 
thick ice cover. The flow is concentrated on the 
riqht side carwinq the "ice" under the control - . - 
Structure. 

Although ti';; cross sectiot<'at Station 8+00 favors 
the right side. there is a definite improvement in tile 
uniformity of ''ice" retention by the control 
structure at Station 8+00 re1ative.t~ that at Station 
9+00:(Figure 78). 

The removal of the rocky protrusion in the cross 
section at Station 9+00 wtll improve the flow 
characteristics under the control structure and, as a 
result of the increased cross sectional area, reduce 
the velocity at the section. 

Velocity and Froude number considerations.-Bryce 
and Berry [7] found on the Niagara River that with 
water velocities greater than 2.5 fps (0.76 mlsec) 
where the river averaged 30 ft (9.14 m) deep, the ice 
cover was unstable. They agreed with Kivisild's [El 
upper limit of Fr = 0.08, where: 

for ice cover stability. Michel [9] states that the 
maximum average flow velocity to insure a stable 
cover should be 1.0 fps (0.30 mlsec) for a river - 
depth of 5 f t  (1.52 m). The average flow velocity at 
cross section 9t00 is 1.7 fps (0.52 mlsec) for a river 
discharge of 940 cfs (26.60 m3/sec) at an average 
depth of 3.1 feet (0.95 m). This yields Fr = 0.17. 
well above the Fr = 0.08 recommended by Kivisild. 
Removing the rock protrusion and artificially raising 
the water surface 1.5 ft (0.46 ml will result in an 
average velocity of 1.0 fps (0.30 mlsec) and e 
Froude Number of 0.079 at Station 9+00. 
Placement of a submerged overflow sill or jetty 



downstream of the control structure would be 
necessary to pool the water and increase the depth. 

ice 6ontrol Simcture Modifications 

Cable sag.-Boom configurations with 14 f f  
(4.27-ml and 454t (13.72-m) cable sag were tested. 
In general. the runs with cable sag of 14f t  (4.27 m) 
retained more "ice" than those with a 45-ft 
(13.72-m) cable sag (Figure 8). 

Cable tension.-The tension on the cable w ~ t h  a 
14-ft (4.27-m) cable sag was approximately twice as 
great as for the cable with a 45.ft (13.72-m) sag 
(Figure 9). Because there was no freezing process i 
present in the model studies and because the drag 
on the underside of the ice cover may not have been 
simulated, the cable tension data could only be used 
in a qualitative r-nse in cc;ilQarlng various model 
boom configurations. 

Cable configuration.-Runs with the "upstream V" 
wnfiguration, Figure 10, resulted in more stable ice 
covers than the simple parabolic desiyn. They 
released a comparatively small amount of "ice" 
downstream. TheZ'upstream V" configuration (45' 
to the shoreline) takes advantage of the increased 
stability of the ice cover resulting from the wedging 
of the float ice between the boom and the 
riverbanks. - 

The run with the booms of the control structure 
close together (Figure 10C) resulted in a more stable 
ice cover between the booms than that of the run 
with a 55-ft (16.76.m) spacing between the booms 
(Figure 10D). 

Spike design.-The orientation of 12-inch 
(30.48-cm) spikes on the underside of the timbers in 
the downstream direction, compared to the 
prototype original upstream orientation, did not 
appear to make any difference in the ice cover 
formation (Figure 11). Figure 12 illustrates the 
various spike configurations used in the model 
investigations. 

The 12-inch (30.48-cm) ,spike showed a slight 
improvement over a shorter 6-inch (15.24-cm) spike 
(Figures 13A and 138). 

The 8-inch (15.24-cm) spike proved to be more 
effective than no spike at all [Figures 13C and 13D). 

Alternate openings in upstream boom.-Run No. 12 
had alternate timbers in the upstream boom 
removed to test the effectiveness of open spaces in 

. \ .. ,,:. 
the'noom (Figure 14A). The thick "ice" initially 
retained by the control structure eventually started 
to move 'quite easily through the open spaces in the 
upstream boom (Figure 148). Complete failure of 
the ice cover soon followed (Figure 14C). The 
presence o f ,  shore ice might have resulted in a 
somewhat mdre Ab le  ice cover. P, 

Spacing between booms.-Three spacings between 
the ice control structure booms, 80 f t  (24.38 m). 
155 f t  (47.27 m). and 290 f t  (88.39 m), were tested 
(Figure 15). The "ice" progressed up'stream from 
the control structure approximately the same 
distance for all three configurations. The 80-ft 

'"(24.38-m) spacing configuration allowed the "ice" 
to close off and thicken between. the booms, 
whereas the runs with larger spacinge never closed 
off. Although the actual surface area of the ice 
cover was greater for the run with the 290-ft 
(88.39-m) spacing, the volume of "ice" retained was 
greater for the 80-ft (24.38-m) spacing. Run No. 9 
with the 80 f t  (24.38-m) spacing appeared more 
stable than the other two spacings; however, the 
absence of shore ice formation in the model 
precludes any firm decision with regard to boom 
spacing. 

By pooling the water, thus reducing the Froude 
number, the possibility of using only one boom 
should be considered for any future installations. 

Shore ice effect.-Figure 16 illustrates two runs 
using the same flow parameters and boom 
configuration; however, one had shore ice 
represented by large sheets of polyethylene. The 
polyethylene sheets were cut to represent a shore 
ice configuration in the field as shown in Figure 
17A. The shore ice resulted in a more stable ice 
cover which progressed upstream further than the 
run without shore ice. 

Figure 178 indicates the ability of the model 
control structure to backup the float ice instead of 
allowing it to flow under the structure. The densit Y of the polyethylene particles was 0.92 glcm . 
Figure 17C indicates how float ice in the field 
initially paws under the control structure. The 
c los~of f  of the ice cover at the prototype structure 
is achieved by the shore ice bridging the river 
instead of float ice backing up at the control 
structure. This phenomenon did not occur in the 
model investigations. It appears that,some of the 
field float ice approaches the density of water (1.0 
glcm3) which would float lower in the water and 
therefore have a tendency to float under the control 
structure at high velocities. 



The tendency of the shore ice in the' prototype river submerged overflow sill. The submerged s i l l  
to "funnel" the float ice into the apex of ,,the increased the waterLs?surface elevation at the control 
parabola appears to add to the field problem of . structure site by , j j rox imate ly  0.8 ft (0.24 m) 
establishing an ice cover early zfter float i c e  "resulting in an i$,-cover,formation similar to Run 
develops in the river. The "upstream V" No. 14. Figure Y2.;, Figure 23 illustrates the 
configuration of the control structure would improvement i n  the retention capability of the 
alleviate this tendency. control structure as the water surface elevation is 

increased, thus decreasing the Froude number. Runs 
Artificial Channel Constrictions No. 6, 18, and 19 all had the same boom 

... configuration, location, and downstream water 
Two artificial constrictions were tested in the model. surface elevation. 
The constrictions were located at Station 10t50, some 
50 feet (15.24 m) downstream from the control The model sill was made of concrete and had a 
structure. prototype crest width of 1 f t  (0.30 ml at an -. c ~ r  

/-:- 
elevation of 5144.66,~The sides were sloped at 2:1,.+- 

Opposing jetty constrktion.-The first constriction, ' , ', 

Figure 18, consisted of an opposing jetty which <i,Velocities were also measured in the area' of the 
reduced the river's width from 210 f t  164.0 m l  to overflow si l l  in the same manner as with the 
56 ft (15.07 m) at the water surface. This increased opposing jetty (Figure 24). The velocities were 
the water surface elevation at the control structure greater than 5 fps (1.52 m/sec) along the 
site by 1.0 f t  (0.30 m) and resulted in an ice cover . downstream toe of the si l l :  however, the velocities 
formation similar t o  RunNo. 15 when the tailgate returned to the normal river-velocities some 50 to 
was used t o  increase the depth (Figure 19). 75 f t  (15.24-22.86 m) downstream from the sill. 

The submerged 0verfl.o~ sill will be susceptible to 
The jetties were designed to overtop at a discharge sediment deposition in the upstream pool, thus 
of approximately 1.500 cfs 142.45 m3/sec). reducing the effective cross sectional area. The 
allowing the constriction t o  pass larger discharges shallow clearance, about 11 inches (27.9 cml at 940 
during tile spring and summer months without cfs (26.60 m3/sec). over the sill may present some 
greatly increasing the velocities through the narrow difficulties for recreational boating in the area of 

the control structure. constriction. The model jetties were made of 
concrete with a top width representing 52 (1.52 m) 
in the prototype river and a 2: l  sidk-slope. The To observe the movement of the ice cover, lin& of 
jetties were placed 45 ft (13.72 m) apart on the bed colored po!yethylene particles wereldropped at 
of the river. Crest elevation of the jetties w a s  various times over Station 8+00. Figure 25A was 

5146.25 with the crest sloping upward toward the taken 24 minutes after;"the first line was dropped , I  

shores at 150. and 79 minutes after the start of the test. Notice 
how the center of the ice cover-has been displaced 

Velocities were measured in the area of the downstream. Figure 258 was taken 48 minutes after 
constriction with a propeller-type miniflowmeter. the second line was dropped. Figure 25C was taken 
Velocities shown in Figure 20 were recorded at 0.6 95 minutes after the third line was dropped. FLoce==T;I::= 
of the depth. In  the constriction, the velocities near 250 was taken 73 minutes after the fourth l i 6 v a s  
the bottom were approximately the same as those at dropped. Notice how the lines bend downstream on 
0.6 depth. The velocities in the center of the river the right side of the ice cover in Figure 250. 
were quite intense, reaching 7 fps (2.13 mlsec) 50 f t  -. - 
(15.24:m)dii:4nstream from the constriction. This 
design would require that particular attention be ,., REFERENCES 
given to armoring of the complete structure and the . 

.> 

central part of the downstream channel t o  prevent 1. ~ r @ ? t ,  B: F.. "Ice Diversion. Hydraulic Models, and' 
the possibility of erosion resultingfrom thechannel Hydraulic Similarity," Transactions of American 
alteration. The opposing jetty design would provide Society of Civil Engineers, Vol. 82, 1918 
for the passage of recreation 'boats through the 
control structure site during the summer months. . 2. cebertowicz, R., "Hydraulic Engineering 5tructures. 

in the Light of Tests with Models," Translated by 
Submerged overflow, sill.-The second type of Polish Academy of Sciences Institute of Hydraulic 
constriction tested, Figure 21, ansisted of a Engineering in Gdansk, 1968 



I> - Hydraulics Division, ASCE, Vol. 91, November 1966 \ -- 
7. Bryce, J(:3., Berry,G. T.. ?Lake Erie-Niagara Ice 

4. Taubrnann, Christian, "Model Tests for fhe design Boom," Engineering Journal (Ca?ada), Vol.51, No. 2, 
of Ice-Retaining Basin on thp-Sihl River." Translated ~Gbruary 1968 ,-,, 
f r om  t h e  German ~ep ' b i n t ,  Schweizerischen > 

,? . '- 
Bameitung, by Joint Publications Research Service for 8. Kivisild, H. R., "Hanging E e  Daiqs," International 
USBR, Translation No. 853, 10 pp. 1971 Association for Hydraulic ~esearch;:.Vol. 3, Eighth 

Congress, Montreal, Canada, 1959 ''5 
5. Tesaker, E., "Ice Problems in Models," River and ~>:.. 

Harbour Research Laboratory, Technical University of 9. Michel, B., "Analysis of Hypotheses ~ d ~ t i v e  t o  the 
Norway, Bulletin No. BE, 1966 Formation of Ice Covers in  Winter." Depiqment o f  

Civil Engineering, Laval Univenity, Quebec; Canada, 
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A Prototype r e  control structure timbers ready to be installed Photo 

P20 703-5933 NA 

. . ,  

B. Crane iifting one log of the boom for examinjrion of moss accumulation. Photo 

P20-7055952 NA 

Figure 2. Prototype ice control rtructum. 

8 





A. One-eighth-8nCh 10.32-cml ioolycthylenc llartlcler 

used in the onverlrgatmn. Photo P20-0-70151 

B View of model lookmg downstream Phato 

P20 0-70161 

Ftgure 4. North Platle Rwer model 



Figure 5. Cros rection-Sta. 9+03 





A. Run No. 6, upstream boom at Sta. 9+00. Note ice escaping under right ride of upstream boom. Photo 

PZ0.D-70140 

0. Run No. 9, upstream boom at Sta. 8t00. Note improved thicknerr of ice indicated by lightarea on photograph. 
Photo PZO-D-70145 

F~gure 7. Locat~on of ice control structure. 



A. Run No. 6 ,  14-foot (4.21-ml cable sag. Photo P20.D-70139 

B. Run No. 5.45-foot 113.72-ml cable sag. Photo PZO-0-70137 

Figure 8. Effect of cable rag 





A.  Run No. 11, model tlme-10 mtnutes. Photo P20-0.70148 

8 .  Run No. 11. model t m - 1 0 9  mlnuter. Photo P20-D.70149 

., 
C. Run No. 11. model time-194 minuter. Photo P20-0-70150 

0. Run No. 10. model time-257 minutes. Cable spacing-55 feet. .Photo 

PZO-D-70147 

Figure 10. Control structure with "upstream V" configuration 



A. Run No 1. 12mch 130 48-cml sptke ortented upstream Note Timbers only in center half of upstream boom. 
Photo P20.D.70133 

8 .  Run No. 2. 12-inch 130.48.crn) rpike oriented downrrream. Note: Timbers only in center half'bf upstream boom. 
Photo P20-D-70134 !I 

r 

Figure 11. Effect of 12-inch rpike orientation. r 
1, 
,! 5 



A.  Timber Configuration No. 1. 12-inch 6. Timber Configuration No. 2. 12-inch 

(30.48cml spikes oriented downstream. 130.48 cm) spikes oriented upstream. 

D. Timber Configuration No. 4. &inch 

C. Timber Configuration No. 3, no $pikes. (15.24-cm) spikes. 

18 









A. Run No. 9.80-foot 124.38-ml space between boomr. Photo P20-0-70145 

6 .  Run No. 8.155-foot 147.24.ml space between booms. Photo P20-0.70144 

C Run No 13,290foot (88.39-ml space between booms. Photo PZO-0.70156 

Flgure 15. Effect of boom spaclng. 





A. Upstream view of prototype ice control structure. Nateshore ice formation 
in area of control structure. Photo P20-703-1786 

8. Run No. 17. Note float ice retained at upstream boom between shore ice. 
Photo PZO-D-70159 

C. Ice control structure. Note float ice in center paning under upstream boom. 
Pbota PZO-7034 183 

Figure 17. Share ice forrnatlon. 



A.  Run No. 18, model view looking upstream at opporing jerty constr8crion and ice 

cover. Pharo P20-D-70164 

9 Run No 18, sde vtew of constr8cted flow Note dtfference in upstream and downstream water surfacer Photo 

P20 D-70173 



A. Run No. 15, ice cover progressed t0St-r. S 0 0 .  Water surface elevation at Sta. 12t00 artificially set 1.0 foot higher 
than normal. Photo P20-D-70158 

B. Run No. 18. Ice cover progressed to Sta. 5+30. Opposing jetty used to increase water surface elevation. Photo 
P20.D-70162 

Flgure 19. lee cover progresslon-Opposlng leny. 



Opposing Jetty with 
2:1 Side slopes 

0 = 9 4 0  c.f.5. (26.60m3/sec.) 
El. I2  + 0 0 =  5144.92 

4 + 0 0 :  5146.04 
1- Velocities i n  fl./sec. 

Figure 20. River velocities near opposing jetty. 



A.  Hun No. 19. model vlcw looking uuslrcam at submerged overflow rill and ice cover. Photo 

P20 D-70165 



A. Run No. 14, ice cover progressed to Sta. 5 t80.  Water surface at Sta. 12+00 artificially set 0.7 foot higher than 

normal. Photo P2O.D-70157 

B. Run No. 19, ice cover progressed to Sta. 5180. Submerged overflow sill used to lncreasewater surface elevation. 

Photo P20-D-70172 

Figure 22. Ice cover progression-Submerged overflow sill. 



A. Run No. 6. normal riverflow. Photo P2O-D-70141 

B. Run No. 18. water surface elevation increased by 1.0 foot (opposing jettyl. Left i'hoto P20-D-70162, right Photo 
"\, P20-0-70163 

C. Run No. 19, water surface elevatmn mcreased by 0.7 foot Isubmergedoverflow sllll. Left Photo P20-0.70172, rtght Photo 

P20-0-70171 
- 





A. R m No 19, model tlme-79 mtnutes. Photo P20.D-70167 

, +: 81 
B. ~ u n  No. 19, model time-127 minutes. Photo P2O-D-701E8 - .  ~Q 

Figure 25. Ice cover movement. 

(< 



Sta. _ EM0 ---*--"- 

C .  R m  No. 19, model ~ime-222 minutes. Pl.oto P20.C.70169 

3. Run No. 19, mode! time-295 minuter. Photo P20.D.70170 





~ i m e *  Posit ion Elev U.S. Boom 
(model) (avg.) Sta .  4+00 Tension 
min. 0.2 (PI 

+ 11 
Time from start of i c e  flow 

+ Ice stopped 

I .  FLOW PARAMETERS 
(Prototype Units) 

Q 940 c f s  Elev. Sta. 12+00 5146.19 
(26.80 m3/sl 

v 2.0 f t /Sec (0.61 m/sec) F r  = 0.20 
D 3.0 f t  (0.91m) 

11. BOOM CONFIGURATION 
sag 45' (13.7 r n ~  
Timber configuration: 

No. of timbers conf imrs t ion  
Upstream 9 
Domstream 19 

111. ICE COVER DATA 
(Model Units) 

Time tan,;. ---- .7- ..,.... 
s u r f a ~ 1 4 . 1 4 0  in.2 (91,226 cm2) 
Volume 4,4211 i 7  (72,444 crn31 
Avg. ice thickness 0.313 in. (0.80 cm) 
Ice Lost 1.770 im3 (29.010 cm3) 



R U N  NO. 2 

Time Posit ion 
(model) (avg.) 
min. 

* Ice  stopped 

Elev 
Sta. 4+00 

5145.35 
5145.39 
5145.42 
5145.47 
5145.54 
5145.55 

-il.S. Boom 
Tension 
07. (pr) 

0.5(14.2) 
0.8(22.7) 
1.3C35.9) 
2.1(59.5) 
2.7c76.5) 
2.8(79.4) 

I. FLOW PARAMETERS 
(Prototype Units) 

Elev. Sta. 12+00 5145.15 

11. BOOM CONFIGURATION 
Sag 45' (13.7 m) 
Timber configuration: 

No. of timbers configuration 
Upstream 9 #I 
Downstream 19 #1 

111. ICE COVER DATA 
[Model Units1 

Time 157 min. 
s u r f a m  15 250 in.2 (98,363 cm2) 
volume 4 1 3 0 i 8  -167.691 cm3) 
Avg. ic-S - 0.271 in. (0.69 cm) 
Ice Lost 590 in.3 (9.670.1 cm3) 



Time Posit ion Elev U.S, Boom 
(model) (avg.) Sta. 4+00 Tension 
min. 02 (IF) 

* Ice  stopped 

I. FLOW PARAMETERS 
(Prototype Units) 

Q 940 cfs Elev. Sta. L?+OO 5145.19 - 
(26.60 m31d 

V 2.0 f t / s e c  (0.61 m/sec) Fr = 0.20 
D T - f t  (0.91 m) 

11. BOOM CONFIGURATION 
Sag 45' 113.7 m) 
Timber configuration: 

No. of  timbers configuration 
Upstream 9 #3 
Downstream 19 #2 

111. ICE COVER DATA 
(Model Units) 

Time 128min. 
s u r f a m  15,380 ih2 199,201 cm2) 
Volume 4,520 174.083 an3) " ~ ,  

Avg. i c e  thickness 0.294 in? 10.75 cm) 
Ice  Lost 1,770 in.3 (29,010cm3) . ' 



Tipe Posit ion Elev U.S. Boom I. FLOW PARAMETERS 
(model) (avg.) Sta. 4+00 Tension (Prototype Units) 
gin. 02 (gr) 640 c f s  Elev. Sta. 12+00 5145.19 

(5zzXl 
v 2.0 f t l s e c  (0.61 d s e d  Fr = 0.20 

0 5145.41 0.6(17.0) D 3.0 f t  (0.91m) 
22 1 5145.42 1.1(31.2) 
43 2 5145.48 2.1(59.5) 11. BMlM CONFIGURATION 
80 3 5145.53 3.1C87.91 Sag 40' 112.2 ml 

103 4 5145.57 3.5(99.2> Timber configuration: 
*I18 5 5145.57 3.2t90.7) NO. of timbers confi r a t i o n  

Upstream 17 % 
Ice stopped Downstream 19 #1 

111. ICE COVER DATA 
(Model Units) 

Time 115rnin. 
Surface Area 14,500 in.2 183.525 a21 

164,413 m 3 )  
S 0.271 in. (0.69 cm) 

Ice  Lost 1,770 im3 (29.010 a31 



Time Posit ion Elev U.S. Boom 
(model) (avg.) Sta. 4+00 Tension 
rnin. 02 (D) 

Ice  stopped 

I. FLOW PARAMETERS 
(Prototype Units) 

Q 940 c f s  Elev. Sta. 12+00 514520 
(26.60 m3/4 

V 2.0 f t / s e c  (0.61 d s e c )  F r  = 0.20 
D 3.0 ft (0.91 m) 

11. BOOM CONFIGURATION 
Sag .-113.1 n)) 
Timber con iguratzon: 

No. of timbers confirmration 
Vpstream 17 i p 4 ,  
Downstream 19 #I 

111. ICE COVER DATA 
(Model Units) 

Time 155 min. 
Surface Area 15,380 in2 (99,201 cm21 
Volume 4.010 in.3 (65,724 crn3) 
Avg. i c e  thickness 0.261 in. (0.66 cm) 
Ice Lost 590 in.3 19.670 cm31 



Time P o s i t i o n  Elev 
(model) (avg.) Sta .  4+00 
min. 

I c e  s topped 

U.S. Boom 
Tension 
02 (gr) 

I. FLOW PARAMETERS 
(Prototype Uni t s )  

Q 940 c f s  Elev. S ta .  12+00 5145.21 
126.60 m3/d 

U 2.0 f t / s e c  (0.61 m/sec) F r  = 0.20 
D 3 0  ft (0.91 m) 

11. BOOM COYFIGURATION 
Sag 14' (4.27 r n ~  
Timber conf igura t ion :  

No. of t imbers  confirmsat ion - 
Upstream 15 #4 
Downstream 17 #l 

111. ICE COVER DATA 
(Model Uni t s )  

Time 196rnin. 
Sur face  Area 17.380 in.2 (112.101 cm2) 
volume 4.280 in? (70,149 an3) 
Avg. ic-46 in. 10.62 an) 
I c e  Lost'?:?: 590 in.3 ( 9 . 6 7 0  cm31 



Time Posit ion Elev U.S. Boom I. FLOW PARAMETERS 
(mdel)  (avg.1 Sta. 4+00 Tension (Prototype Units) 
min . 02 (@I cfs  Elev. Sta. 12+00 5145.19 

*) 

0 
v 2.0 f t /Sec (0.61 m/sec) Fr = 0.20 

5145.51 2.2(62.4) D 3.0 f t  (0.91 in) - 
34 1 5145.54 4.6(130.4) 
76 2 5145.61 6.3(178.6) 11. BCQM CONFIGURATION 

112 3 5145.66 7.5(212.6) Sag 14' 14.27 rn) '124 4 5145.66 7.2(204.1) Timber wnfiguration:  

I ce  stopped 
NO. of timbers configuration 

Upstream 15 $1 
Downstream -17 # 

111. ICE COVER DATA 
(Model Uai;ai 

Time 112min. 
Surface Area 17.900 in.2 (1 15,455 cm2) 
V 0 ~ ~ e  4 280 in.-' (70.149 cm3) 
Avg. ic-39 in. (0.61 cm) 
ICC Lost L l 8 0  in.3 
- 

(19.340 cm3) 



' /&8ose  line, 

Time Posit ion Elev U.S. Boom I. FLOW PARAMETERS 
(model) (avg.) Sta. 4+00 Tension (Prototype Units) 
min. 02 (gr) Q 940 cfs  Elev. Sta. 12+00 5145.21 

(26.60 mJlrl 
V 2.0 f t l s e c  (0.61 d s e c )  Fr = 0.20 

0 5145.48 1.6(45.4) D 3.0 f t  (0.9110) 
31 1 5145.53 3.3c93.6) 
51 2 5145.55 4.5(127.6) 11. BOOM CONFIGURATION 
72 3 5145.59 5.6(158.8) Sag 12' (3.66 rn) 

128 4 5145.65 7.0(198.5) Timber configuration: 
*I42 5 5145.65 b.b(l87.1) No. of  timbers configuration 

Upstream 15 #4 
Ice  stopped Downstream 17 #1 

111. ICE COVER DATA 
(Model Units) 

Time 126min. 
:.j'Surface Area 17 250 in.2 (1 11,263 cm21 
i volume 4 , 1 0 0 ~ 3  (67,199 cm31 

Avg. ic-238 in. (0.60cm) 
, -; Ice Lost 295 iw3 (4,835 cm31 



Time Position Elev U.S. Boom I. FLOW PARAMETERS 
(model) (avg.) Sta. 4+00 Tension $L (Prototype Units) 
min. 02 (gr) 40 cfs Elev. Sta. 12+00 5145.21 *, 

- 2.0 ft/sec (0.61 dsec) Fr = 0.20 
0 5145.48 1.5(42.5) L) 3.0 ft (0.91111) 
23 1 5145.51 3.0185.0) 
51 2 5145.55 4.4(124.7) 11. BOOM CONFIGURATION 
113 3 5145.63 6.0(170.1) Sag 14' (4.27 m) 
'147 4 5145.65 5.91167.3) Timber configuration: 

No. of timbers configuration 
Ice stopped Upstream 15 #4 

Downstream 16 #1 

111. ICE COVER DATA 
(Model Units) 

Time 139min. 
Surface Area 15.620 in.2 (100,749 crn21 
Volume 5,020 in3 (82,278 cm31 
Avg. ic-21 in. (0.82 cm1 
.Ice Lost 295in.3 

- 
(4.835 cm31 



Time Posit ion Elev U.S. Boom 
(model) (avg.) Sta. 4+00 Tension 
min. 0 2  (gr) 

Ice: stopped 

I. FLOW PARAMETERS 
(Prototype Units) 

Q 940 c f s  Elev. Sta. 12+00 516.5.19 -- 
(26.60 m3/sl 

V 2.0 f t / sec  (0.61 m/sec) Fr = 0.20 
D 3.0 f t  (0.91 m) 

11. BOOM CONFIGURATION 
Sag 14' ff (D.s. Boom) (4.27 mj 
Timber con irmratlcn:  

NO; of timbers configuration 
Upstream 17 
Downstream 17 

#4 
#1 

111. ICE COVER DATA 
(Model Units1 

Time 257 min. 
Surface Area 20.220 in.2 (130.491 cm2) 
V0lw~e 5.270 in.3 (86.375 cm3) 
Avg. ic-26 in. (0.66 cm) 
Ice  Lost 2 7  in.3 . - (3,229 cm3) 



. - 
Time Posit ion Elev U.S. Boom OW PARAMETERS 

(model) (avg.) Sta. 4+00 ' .Tension 11  mtotype  Units) 
1'1 min. 'oz (gr) c f s  Elev.. Sta. 12+00 5145.21 

'1 (26.60 rn3/sl 
; !V  2.0 f t / s e c  (0.61 m/sec) F r  = 0.20 

0 5145.55 2.0(56.7) 

- 
f t  (0.91 m) 

21 1 -. 5145.57 2.9(82.2) . 
" 

56 L 5145.60 3.6(102.11 .!II. BMlM CONFIGUMTION 
83 3 5145.61 4.2(119.1) 1 Sag 14' ( D S  Boom) (4.27 rnl 

I 

170 4 5145.66 5.2(147.4) 1 1  Timber configuration: 
'194 5 5145.69 5.3(150.3) 

I !  
No. of timbers configuration 

,I Upstream 17 #4 
' Ice  stopped : Downstream 17 Y1 

1 

'I 111. ICE COVER DATA 
(.!4ode2 Units) 

? 

' S-wface Area 15,500 in.2 (09,975 cm21 . 
~ o ~ l &  4,805 in.3 E 5 4  cm3) 

.- 

IAvg. i c e  thickness 0.31 in. (0.79 crnl 
~ ~~ . .. . ~ 

,. . 
5" 

41' 
1 



Time Position Elev U.S. Boom I. FLOW PARAMETERS 
(model) (avg.) Sta. 4+00 Tension (Prototype Units) 
min. 02 (gr) Q 940 cfs  Elev. Sta. 12+00 5145.21 

11. BOOM CONFIGURATION 
Sag 14' (4.27 m) 
Timber configuration: 

Is '/ ,, NO; o f  timbers configuration 
Ice stopped Upstream- 7 #4 

Downstream 15 
\ 

#1 

111. ICE COVER DATA 
(Model Unitsl 

Time 
- Surface Area 13.130 im2 (84.689 cm2) 

vplume 2 930 in.3 (48.351 cm3) 
AVg: ic-23 In. (0.58 cml 
Ice' Lost - , 



Time Posit ion Elev U.S. Boom 
(model) (avg.) Sta. 4+00 Tension 
min. 02 (gr) 

Ice stopped 

I. FLOW PARAMETERS 
(Prototype Units) 

Q 940 cfs  Elev. Sta. 12+00 5145.21 

11. BOOM CONFIGURATION 
Sag 14' f. (4.27 m) 
Timber con leuration:  

NO: of timbers configuration 
Upstrem 14 
Downstream 18 

111. ICE COVER DATA 
(Model Units) 

Time 273rnin. 
Surface Area 16,650 in.2 (107.393 cm21 
Volume 4 860 in.3 (79,655 cm3) 
Avg. ic-29 in. (0.74 cm) 
Ice  Lost 516 in.3 (8.456 un3) 



Time Posit ion Elev 
(model) (avg.) Sta. 4+00 
min. 

U.S. Bokm FLOW PARAMETERS 
 ensi ion!), 
oz (gr) v,,,, 12+00 5145.77 

I 

0 5146.00 
45 1 5146.01 
74 2 5146.03 

107 3 5146.05 
163 4 5146.07 
320 5 5146.11 

'353 6 5146.12 

Ice  stopped 

---.---., 't, '.k, 
2.6 (73.7) , 11. BOOM CONFItJRATION 
3.0(85.1) 't! Sag 14' 14,'i~rn) 
3.8(107.7) i\h Timber configuratioc: 
6.0[170.1) ,.!., No. of timb'krs configuration 
7.0(198.5)- ;i Upstream 16 \, X! 

1 Downstream \.* ?, 
t:. 

%>., 

. 111. ICE COVER DATA 
$1 (Model Units) 

T i y  321 min. 
S u r p c e  Area 17,650 in.2 (1 13.843 an2) 
Vohlpe 5 160 in.3 (84.572 cm3) 
Avg. *ic-9 in. (0.74crn) 
Ice JAst 590 in.3 -9,670 cm3) 



Time Posit ion 
(model) (avg.) 
min. 

Ice  stopped 

Elev 
Sta. 4+00 

5146.38 
5146.41 
5146.42 
5146.42 
5146.44 
5146.45 
5146.49 

U.S. Boom 
Tension 
oz (gr) 

1.1C31.2) 

I. FLOW PARAMETERS 
(Prototype Units) 

cfs Elev. Sta. 12+00 5146.15 
-1 (Artificially increasd by tailgate) 
V 1.56 f t / s e c  (0.48 d s e c )  Fr = 0.136 
D 4.2 f t  (1.28 m) 

11. BOOM CONFIGURATION 
Sag 14' f f  (4.27 ml 
Timber con iguratlon:  

No. o f  timbers configuratior. 
upstream 16 #1 
Downstream 

111. ICE COVER DATA 
i ', (Model Units) 
\' Time 390 min. 

Surface Area 22.500 in.2 1145,125 an2) 
Volume 5 900 in.3 196.701 cm31 
Avg. ic-26 in. (0.66 cm) 
Ice  Lost 0 



Time Posit ion 
(model) (avg.) 
min. 

Ice  stopped 

Elev 
Sta. 4+00 

5145.53 
5145.54 
5145.60 
5145.63 
5145.72 
5145.83 

U.S. Boom I. FLOW PARAMETERS 
Tension (Prototype Uni ts ) ,  
02 (pr) Q 940 c f s  Elev. Sta. 12+00 5145.22 

11. (26.60 rn3/sl 
V 2.0 f t / s e c  (0.61 m/sec) F r  = 0.20 - D 3.0 f t  (0.91~1) - - 11. BOOM CONFIGURATION - Sag 14' (4.27 ITII - Timber configuration: - No. o f  timbers configuration 
Upstream 15 #1 
Downstream 17 #I4 

111. ICE COVER DATA 
[Model Units1 

Time - 
Surface Area - 
Volume - 
Avg. i c e  thickness - 
Ice  Lost - 



Time Position Elev U.S. Boom 
(model) (avg.) Sta. 4+00 Tension 
min. oz 

' Ice  stopped 

1. FLOW PARAMETERS 
(Prototype Units) 

Q 940 cfs Elev. Sta. 12+00 5145.21 
(26.60 m31s) 

v 2.0 f t / s e c  (0.61 m/sec) Fr = 0.20 
D 3.0 f t  (0.91 m) - 
11. BWN CONFIGURATION 

Sag 14' f f  14.27 
Timber con i m r a t l o n :  

NO: of timbers :. configurat,ior : .. ' 

Upstream 15 <* . . . '. , 

Downstream 17 
' #4 

111. ICE COVER DATA fl 

(Model Units) !\ b~ 

Time - ~ 'k-.-,; ~..=* 

Surface Area - '9 . 
V.olume - 
Avg. ic-- 
Ice  Lost. 
- 

< - 



29 2 5146.32 - 11. B W  CONFIGURATION 
53 3 5146.34 - Sag 8' (2.44 m) 
83 4 5146.36 - Timber configuration : 

173 5 5146.38 - No. of timbers configuration 
'218 6 5146.39 - Upstream 17 #4 

Downstream 17 #I 
' 1ck stomed 

111. ICE COVER DATA 
(Model Units) 

Time 218 mln. 
Surface Area 23.850 in 2 1153,833 cm21 
VO~WW~ 6 780 in? 1111.124 cm3) 
AVg. ic- in. , (0.71 cm) 
Ice h s t  285 1n.3 

- 
(4.671 crn3) 



Time Posit ion Elev 
(model) (avg.) Sta. 4+00 
-min. 

* Ice  stopped 

U.S. Boom I. FLOP! PARAMETERS 
Tension (Prototype Units) 

Q 940 cfs  Elev. Sta. 12+00 5145.19 
(26.60 m3/r) 

V 1 7 2  f t / s e c  (0.52 m/sec) Fr = 0.155 
D 38 ft (1.16m) 

11. BM)M CONFIGURATION 
Sag 
Timber configuration: 

No. of timbers configuration 
Upstream 17 
Downstream 17 

111. ICE COVER DATA 
(Model Units) 

Time - 
Surface Area - - 
Volume - - 
Avg. i c e  rhicloless - 
Ice  Lost - 
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CONVERSION FACTORS-BRITISH TO >lETRIC UNITS OF YEASL'REMEhT 

The i o l l o ~ i n g  mnrerr:on factors odooled by m e  adear  o l  Resamt.on are lnon: wa l rhed  a! tne Amewan 
S m e w  for Tell'ng an0 Wa!erir3r i M T M  Metric Pnct'ce G ~ d e .  E 380681 except Ihat addionol factors 1'1 
commnly u ~ d  :n tnc 6.reau hare men aaam Fvnrer d rc-rrion of arlmitioor of quanitier an0 m u :r o .en in 
the ASTM M m c  Pra~ t~ce  Guode 

The metric unitr and mnverrion factorr adopted by d A S T M  are bared on rhe "International System of Units" 
idesignated S1 for Syrteme International d'uniterl, fried by the International Committee for Weights and 
Measurer: this wrtem ir air0 known as the Giorgi or MKSA (meter-kilogram imar%l.s%ond.ammre\ system. This 
wnem has been adopted by Ihe lnternationsl Organization for,SIandardization in IS0 Recommendation R-31. 

The metric technical A r  of force 8s :ne r logrbnforce. th 9 tr the force r*n ch \\hen aop ea t o a  boar har irg d 

m r s  of 1 kg, grer i t  zn wceeralmn of  9 60665 m!uclrec. thr nanlard aceel2ral:on of tree fall toward the earln'r 
cemer for re6 *el ar 45 dm Iat~ude. The melr:c m a r  of fcrce n S umts is  me nmtan ihl wnch is oefnrdar  ~ ~ ~ ~~ . . . . . . . . . . . . .  
that force which. when a&d t o  a body havinga mas of 1 kg. giver i: an acceier~tion of 1 m/rec/w. There uni;r 
m u n  be dininguished from The linconrtantl local weight of a~bady having a mas of 1 kg, rhar is, the wcight of a 
bady ir that. prse with which a bady ir atWacred to  the earth and ir equal 10 <he mass of a body multiplied by the 
asselerationdue to  gravity. However. becaure it is general practice l o  UY "pounf l  rather than the technically 
m i r ~ t  term "~ounddorce." the rerm "kilo4ram" ior  derived mars unit) her been used in this wide instead of  
"kilogram.for&" i n  expreiing the conversion factors for forcer. The newton unit o f  f?rce will find increasing u ~ .  
and ir esenrial in SI unitr. 

Table I 

Q U A N T I T I E C ~ N D  UNITS OF SPACE 

Mult~ply 8V l o o b ~ m  - 
LENGTH 

Mil . . . . . . . . . . . . . . . . .  
Inches . . . . . . . . . . . . . . .  
Inch- . . . . . . . . . . . . . . .  
Feet . . . . . . . . . . . . . . . .  

25.4 (exactiyi . . . . . . . . . . . . . . . . . . . . . .  Micron 
. . . . . . . . . . . . . . . . . . .  25.4 iexactlyl Miliimeterr 

2.54 lexactlvi' . . . . . . . . . . . . . . . . . .  Centimeters -~ ~ ~~~ 

. . . . . . . . . . . . . . . . . .  30.46 i e x k r l i i  Centimeters 
. . . . . . . . . . . . . . . . . . .  Feet . . . . . . . . . . . . . . . .  0.3048 iexomlyl' Meterr 

. . . . . . . . . . . . . .  Feet . . . . . . . . . . . . . . . .  O.OW3046 lexactlyl' Kilometerr 
. . . . . . . . . . . . . . . . . . . .  Yards . . . . . . . . . . . . . . .  0.9144 lcxactlyl Meter? : 

Miier ( r tm te l  . . . . . . . . . .  1.609.344 (exacuy 1' . . . . . . . . . . . . . . . . . . . .  Meterr .. 
. . . . . . . . . . . . . . .  Miles . . . . . . . . . . . . . . . .  1.6W344 ienactlyl Kilometers ;: 

AREA 

. . . . . . . .  Square inches . . . . . . . . . . .  Square centimeten 
Square feet . . . . . . . . . . . .  Square cenrin~ererr 

. . . . . .  Square feat . . . . . . . . . . . . .  Sqvaremererr . . . . . .  Square yards . . . . . . . . . . .  Square meters 
Acres . . . . . . . . . . . . . . . .  '0.40469 . . . . . . . . . . . . . . . . . . . . . . . . .  Hectorer 
Acres. . . . . . . . . . . . . . . .  '4.046.9 . . . . . . . . . . . . . . . . . .  .j. . . . .  Square mererr 
Acres . . . . . . . . . . . . . . . .  '0.0040469 . . . . . . . . . . . . . : . .  Square kilomerers 
Square miier . . . . . . . . . . .  2.56999 . . . . . . . . . . . . . . . . . .  Square kilometers .- 

k:. 
.. VOLUME 

. . . . . . . . . . . . . . . . . . .  Cubic inches . . . . . . . . . . .  16.3871 : Cubiccentimeters . . . . . . . . . . . . . . . . . . .  Cubic f e t  . . . . . . . . . . . . .  0.0283168 Cubicmeterr . . . . . . . . . . . . . . . . . . . .  Cubic yards . . . . . . . . . . . .  0.764555 Cubic meters 

CAPACITY 

Fluidounces IU.S.1 . . .  
Fluid ounces iUS.i . . 
Liouid oina iU.S.1 . . .  

. . . . . . . . . . . . . . . . . . .  . . . .  29.5737 Cubic centimerers 
. . . . . . . . . . . . . . . . . . . . . .  , . , .  29.5729.. Milliliterr 
. . . . . . . . . . . . . . . . . .  0.473179 Cubicdecimererr . . . .  

. . .  ~ i d u i d  'pints lu.s.1 
. . . . . .  Ouanr iU.S.1 

Ouanr iU.S.l . . . . . .  
Gslionr lU.S.1 . . . . . .  

. . . .  0.473166 . . . . . . . . . . . . . . . . . . . . . . . .  Lirerr 
. . . . . . . . . . . . . . . . . . .  . . . .  '946.358 Cubic centimelerr 

. . . .  '0.946331 . . . . . . . . . . . . . . . . . . . . .  Literr . ~~ ~.~ ~ 

. . . . . . . . . . . . . . . . . . . . .  . . . .  't785.43 Cubic'~~'n1imeterr 
. . . . . .  . . . . . . . . . . .  .... 3.78543 .;. Cubic decimeters 

. . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  3.78533 Liters 
. . . . . . . . . . . . . . . . . . .  '0.00378543 Cubic meterr . . . .  

. . . . . . . . . . . . . . . . . . . .  . . . .  4.54609 Cubic decimeters 
. . . .  4.545% . . . . . . . . . . . . . . . . . . . . . . . . .  Li ler l  

. . . . . . .  Gallons IU.S.1 
Gallons lU.S.1 . . . . . . .  
Ga1lonslU.K.I . . . . . .  

. . . . . .  GalimrW.K.\ 
Cubic feet . . . . . . . . . . . . .  
Cubic yardr . . . . . . . . . . . . . . . . . . . . . . . . . . .  '764.55 Liters . . . . . . . . . . . .  
Are fee t  . . . . . . . . . . . . . . . . . . . . . . . .  '1.233.5 Cubic meterr . . . . . . . . . . . . .  
Acrefael . . . . . . . . . . . . .  '1.233.500 . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Liters . 
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ABSTRACT 

The investigation and resu1tr;af a hydraulic river model rtudy uring polyethylene plastic to 
simulate river float ice ir described. Modifications to an existiny river ice control structure are 
reommended as a result of the rtudy. The concluri~nr recommend: (1) channel cross-section 
modifications to improve the flow conditions at the control structure site. (21 twochannel 
constriction desions which could be used downrtream of the control structure to increase the 

~~ ~ ~ 

water wrface elwation and dereare the flow velocity at the control structure rite. and 13) 
rrveral modifications to the control structure which would improve the ice retention capability. 

The investigation and rerultr of a hydraulic river mcdel rtudy using polye$ylene plastic to 
rimulate river float ice is described. Modifications to an existing river ice coptrol structureare 
reommended ss a rewlt of the rtudy. The conclurions recommend: (1) channel crorr-section 
modificationr t o  improve the flaw conditionr at the control structure site, (21 mo.channel 
constriction derignr which could be used downstream of the control structure to increase the 
water mrface elevation and decrease the flow velocity at the contml structure site, and 131 
sweral modific?tionr t o  the control structure which would improve the ice retention capability. 

\\, 

............................. 

ABSTRACT 

The invertigation and rerultr of a hydraulic river model study using polyethylene plartic t o  
simulate river float ice ir described. Modifications to an existing river ice control structureare 
recommended as a rewlt of the study. The conclurionr recommend: 11) channel crosrection 
modifications to improve the flaw conditionr at the control structure site, (21 two-channel 
constriction derignr which could be ured'd~wnstream of the control structure to increare the 
water rurface elevation and decrease the flow velocity at the control structure rite, and 131 
rweral modifications to the control structure which w w l d  improve the ice retention capability. 

ABSTRACT 

The investigation and rerulu of a hydraulic river model study u r i q  plyethylene plartic to 
simulate river float ice ir dercribed. Modifications t o  an existing river ice control structureare 
reeommended ar a result of the study. The conclusions recommend: Ill channel crarr-section 
modifications to improve the flow conditions at the control structure rite. I21 mo-channel 
constriction designs which could be wed downstream of the control structure to increase the 
water surface elevation and decrease the flow velwity at the control structure rite, and (31 
rweral modifications t o  the control structure which would improve the ice retention capability. 
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