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ABSTRACT

A 1:24-scale sectional model of the spillway and outlet works of
Lower Two Medicine Dam in Montana indicated that the stilling
basin, common to both features, would operate satisfactorily as
a USBR Type II basin, but that the basin performance could be
improved by the add1t1on of an mtermedlate row of baffle piers.
The piers eliminated a ''reverse roller'" observed in the river
channel immediately downstream from the Type II basin, which
conceivably could result in river bed material being pulled up-
stream into the stilling basin with possible accompanying abra-
sive damage. The spillway and outlet works had sufficient capa-
city to pass the required flows. Sand erosion and riprap tests
were applied to both the preliminary and recommended basins
and the movement of rock and sand material was observed in
both basins.

'DESCRIPTORS--*Splllways/ “*outlet works/ *stllhng basins/

*hydraulic models/ research and development/ appurtenances/

dentated sills/ earth dams/ hydraulic structures/ hydraulic jumps/

_ hydraulics/ model-tests/ spillway crests/ baffles/ erosion/ scour/ "
riprap/ laboratory tests/ discharge measurement

[\

IDENTIFIERS--Lower Two Medicine' Dam/ Blackfeet Indian Irriga-
tion Project/ Montana/ Bureau of Indian Affairs/ baffle’piers/
discharge capacity .
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PURPOSE

The study was performed to determine the hydraulic operating charac-
teristics of the overflow spillway and slide-gate-controlled outlet works,
with particular regard to the performance of the hydraulic jump stilling
: basin,

RESULTS .

1. The preliminary designs of the spillway crest and the outlet works
- were satisfactory. Discharge capacities were adequate to pass the re-
quired maximum flows, Flgures 7 and 9, :

2. The outlet condu1ts downstream from the gates were enlarged to
eliminate surging in the eoqdmts when the outlet works operated alone,
‘ Flgures 12 and 15.

3. Flow conditionsin the stilling basin and downstream river channel
.were satisfactory except for a reverse roller downstream from the -
dentated end. sill during simultaneous operation of the spillway and out-
let works at the'maximum design discharge. Erosion tests, Figure 10,
indicated that material might be pulled into the stlllmg basm and cause
: subsequent abraswe damage. : :

4, The model 1nd1cated that the proposed riprap, F1gure 11 would be
-adequate to protect the river channel against erosion;. however a row
of intermediate baffle piers was added to the basin to provide additional "

protection agamst material being pulled into the basin. The baffle: p1ers B

. :altered the Jump proflle and el1m1nated the reverse roller F1gure 13

5. The model ‘ndicated that w1thout baffle p1ers in the basm rock W1th

a maxlmum dlmens-on equwalent to 4 feet prototype (thls was max1mum IR




size tested in model) or less would be swept from the basin for the maxi-
mum spillway discharge of 20,600 cfs {cubic feet per second). A few
pieces were lodged between the dentates. For a spillway discharge of
12,300 cfs, some material larger than 3 feet was deposited against the
_ end sill but most of the material was swept from the basin. For a spill-
way discharge of 5,900 cfs, most of the material was deposited in the
downstream portion of the basin. Material remaining in the basin did
not circulate. The smallest rock size tested had a maximum dimension
equivalent to a prototype size of about 1 foot. The model also showed
that sand might eirculate in the upstream portion of the basm during
small spillway dlscharﬂes .

6. With the baffle“plers in place rock material remained at different
sections in the basin, depending on the rock size and the spillway dis-
charge. A neg11g1b1e amount of material was swept from the basin,
Rock material remaining in the basin maintained a stable position with-
out circulation. Sand circulated upstream from the baffle piers for dig-
charges up to about 4, 000 cfs, then moved to the downstream end of the
" basin with little c1rcu1at10n :

7. During operation of the outlet works alone, eddies in the basin re-

. .sulted in the circulation of sand and other small particles, which repre-
‘sented an estimated maximum' prototype size of about 3 to 6 inches. The _
circulation was relatively slow. ‘At the ocutlet on the downstream face of
the spillway, the sudden expansion of the outlet works discharge could

-cause circulation of abrasive material in the immediate v1cm1ty of the
outlet, :

8 All practlcal precautions should be taken 1o keep the stilling basin
free of rock and sand before and during spillway or outlet works opera-
tion. Since the most probable source of material is the downstream

" channel, the inclusion of baffle piers was recommended,
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INTRODUCTION
/
g
Lower Two Med1c1ne Dam is located on Two Medicine Creek about -
40 miles west of Cut Bank in f1orthwestern Montana, Figure 1, The
dam is an earthfill structurefwuh a helght of- approximately 56 feet -
'and a crest length of- about 1 100 feet, Figure 2.




The spillway, Figures 2 and 3, is an overflow crest with a width of
185 feet, located 16.78 feet below the crest of the dam. The outlet
works, Figure 4, consists of two 3-foot-wide by 3-1/2-foot-high rec-
tangular conduits, controlled by slide gates. The outlet works passes
‘under the spillway section and discharges into a depressed section of
the spillway stilling basin. The stilling basin discharges into the
river channel, which is protected by riprap for a distance of 40 feet
downstream from the end of the basin. The use of a common stilling
basin for both the spillway and outlet works indicated that problems
might be encountered during simultaneous operation of these features,
therefore hydraulic model studies were . requested.

THE MODEL

The 1:24 scale sectional hydraulic model represented about 65 feet
(or about 35 percent) of the total width of the overflow spillway, meas-
ured from the right side of the spillway. The outlet works was included
in this section. The spillway crest, outlet works, and stilling basin
were fabricated from sheet metal. The chute blocks and dentated end
sill were made from wood. These portions of the model are shown in
Tigure 5. :

Water was supplied to the model through the permanent laboratory
supply system and discharges were measured with volumetrically
calibrated venturi meters or orifice meters (for very small dis-
charges).” Reservoir water surface elevations were measired by a
point gage upstream from the spillway crest. Tailwater elevations
were measured by a staff gage marked on the wall of the model near
.the downstream end of the stilling basin. Tailwater settmgs were
made with an adJustable tallgate according to the curve in Figure 6,

JThe outlet works discharge was regulated by slide gates located under
the spillway crest; in the same p051t10n as the prototype gate section,
The gates were reached by removmg a small cover plate from the dow n-

' stream face of the splllway

THE INVESTIGATION
- (\ :

. The preliminary de51gn was tested to determme the dlscharge capac-
ities of the spillway and outlet works and to observe flow conditions in
the stilling basin and downstream river.channel., Several relatlvely
minor modifications were made to the prehmmarv de51gn to 1mprove
the flow COndlthHS i~

EE Sy




The Preliminary Design

Discharge Capacity of the Spillway

The discharge capacity of the spillway was determined to check the

“capacity assumed for design purposes. The reservoir elevation

versus discharge curve is shown on Figure 7, which includes a cor-
rection for velocity head. This correction was necessary because
the model configuration did not allow water surface elevation meas-
urement at a sufficient distance irom the crest to ensure low velocity

‘and negligible velociiy head. The section at which the model water

surface elevation was measured was about 50 feet (prototype) up-
stream from the spillway crest. The water surface drawdown as the
flow passed over the spillway caused a sufficient lowering of the water
surface elevation at the measuring section to require a correction.
The drawdown at any point is equal to the velocity head at that point.
Velocity head corrections were negligible below a reservoir elevation
of about 4890 (discharge = 15, 000 cfs).

The splllway capacity was 20, 500 cfs at maximum reservoir eleva-
tion 4891.5 or approximately 0.5 percent less than the assumed design
capacity of 20,600 cfs. Velocity distribution 50 feet {prototype) up-

‘stream from- _the spillway crest for the maximum discharge is shown

in Figure 8.~

'Dlscharge Capac:lty of the Qutlet Works

The two~ condult outlet works was cahbrated with the gates equally
opened to 100 75, 50 and 25 percent, and a curve showing dis=~
charge versug reservoir elevation was derived for each gate opening,
Flgure 9. Because the shde gates were not accurately represented

.in the model; the curves of Figure 9 for partial gate openings should

be considered only an approximation of the discharge capacity of the
outlet works, The model indicated that the outlet works discharge
would be 770 ‘cfs with th‘e reservoir water surface at the spillway
crest (elevation 4882.2%) and with both gates 100 percent open. This

~is about 4 percent higher than the assumed design discharge of 740 cfs.

» Stilling B'asifi Operatior?f

il ‘
The prehmmarv splllway stilling basin, shown in’Figure 5, was

‘Type lI, designed accordmg to the guidelines of Englneermg Mono-
- graph 25. 1/ The spllliwa_y stilling basin was 74 feet long and in- _
- cluded chuté blocks and a dentated end sill. The horlzontal portlon

4

le-!
17"Hyaraul'c Design of St1111ng Basms and Energy Dissipators, " by

-~ A..J. Peterka, Englneermg Monograph No. 25, U.S. Bureau of Recla-
- -matlon Jul;, 1963. Lo -




of the outlet works stilling basin was 52 feet 3-5/§ inches long, with
the floor 4 feet below the floor of the spillway basin., The outlet works
basin was 15 feet wide and also included chute blocks. The downstream
portion sloped-upward to the common dentated end sill,

Simultaneous operation of the spillway and outlet works at the maxi-
mum combined design discharge (20,500 /:fs over the spillway and
approximately 716 cfs through the cutlet works) 1nd1cated generally
satlsfactory operation of the stilling basin. However, a "'reverse
roller' formed immediately downstream from the dentated end sill.
- This roller pulled material from the channel bed downstream of the
basin, moved it upstream toward the basin, and deposited it on the
downstream side of the end sill. High velocity downstream currents
along the basin floor prevented this mater1a1 from moving into the
basin, -

Sand Erosion Test.--7o evaluate the effects of the ''reverse roller,
an erosion test was conducted in which the movement and deposition:

of sand in the downstream channel were observed. Figure 10A shows
the c0nf1cvurat10n of the sand bed before:the fest. The bed sloped up-
ward at 6 1 for a distance of about 23 feet (prototype) from the end

sill and then became'level. The model was operated with the maxi-
mum combined design discharge (spillway and outlét works) for approx-
imately 100 minutes (equivalent to about 8 hours prototype operation) -
as pictured in Figure 10B. Within a few minutes after the start of

" the test, the configuratidn of the sand bed had shifted to that shown in
Flgures 10B and C. The motion of particles can be detected in the :
‘blurred areas of Figure 10C, immediately downstream from. the end
sill. Figures 10D and E show-the final bed configuration. The ridge

~ in Figure 10D is immediately downstream from the outlet works por-
tion of the stilling basin, and indicates that either the lower floor in
that area or the slopin:floor leading to’the end sill has some effect

on bottom flow currents Figure 10E illustrates the deposition of ma-
terial-on the downstream side of the end sill,

At a splllway dlscharge of approxlmately 7,000 cfs (the outlet works -
was not operating), with the tailwater at elevatlon 4865. 8, some sand-
‘moved into the basin-and circulated nedr the downstream end of the .,
‘basin. Although the tailwater elevation was higher than that predicted
for the' 7,000-cfs discharge, this observation indicated that for certain
combmatlons of tallwater elevation and discharge rlverbed material
- mlght move upstream into the st1111ng basm

. Riprap Test --The sand erosion test. was 1nd1cat1ve of the flow condi-
~tions downstream from the stilling basin but was not truly represent-
“ative of the movement of material to be expected in the prototype
river channel, which will be protected by rlprap for a distance of.
40 feet downstream from the stilling basin. _Bock with a maximum:




size of about 1-1/2 inches was installed in the model to represent
the prototype riprap, which has a maximum size of 3 feet. The rip-
rapped model channel bed is shown in Figure 11A. After about

100 minutes operation at the maximum combined design discharge
(Figure 11B), the bed appeared as shown in Figure 11C. There was
some displacement of the riprap; the amount of movement was di-
rectly related to the fragment size. Several small pieces moved
short distances upstream along the riprap bed but no rock entered
the basin. The sand bed downstream from the riprap assumed a
configuration similar to that observed following the sand erosion
test. The velocity along the bottom was high enough to move the
sand downstream. The test indicated that the riprap was sufficient
to protect the riverbed from scour in the immediate vicinity of the
‘stilling basin,

- Movement of Rock-in the Stilling Basin.--A test was conducted to
determine the movermnent of material in the st1111ng basin, assuming
‘that such material had been previously dep051ted in the basm by some
‘unknown means. Rock fragments with maximum dimensions ranging
from about. 1/2 inch to about 2 mcves (model) were hand placed in

the upstream end of the basin during spillway operation. Results

were essentially the same e1ther with or without concurrent outlet
works operation.

‘For the maximum design discharge of 20, 500 cfs, all the material
was swept to the downstream end of the st111mg basin. Several large

. fragments became lodged between the end sill dentils but most of the
material was swept completely out of the basin.

:At a spillway discharge of 12, 300 cfs, all the 1/2- and 1-inch ma-
terial was swept from the basm ‘the 1- 1/2- and 2-inch fragments
"were either swept from the basin or were dep051ted on the upstream
side of the end sill, :

With the spillway dlscharglng 5, 900 cfs some of the 1/2-inch mate-~
rial was swept from the basin but the largest portion was deposited on
the upstream side. of the end sill.  The I-inch material was initially
-“moved by the flow to.an area near the midpoint of the basin then
moved along ti'e floor to the end sill.” 1-1/2-inch fragments reacted
Very. s1m1lar1y, but moved more slowly. Most of the 2-inch material
came to rest at about three-fourths the basin length and moved very

- slightly after the. initial deposition. Several fragments were placed

. ‘by hand'in the downstream end of the outlet works conduit-and re- '

- mained there durlng sp111way operatlon when the outlet works was not
operatmg _ L £ :




The test mdlcated that no circulation of large material in the stilling
basin would ‘occur during operation of the spillway. The materiaiwould
either be swept from the basin or deposited in a relatively stable posi-~
tion, depending upon the fragment size and spillway discharge.

The movement of sand in the stilling basin.also was observed. Sand
was initially placed in the basin and observed as the spillway dis-
charge increased. Shortly after the start of spillway operation, sand
circulated in the exireme upstream end of the basin. As the-dis-
charge increased the sand moved downstream and very little circu-
lation was observed. At a discharge of 7,000 efs all the sand had
been swept from the upper level of the basm some sand remained
on the sloping apron in the downstream portion of the lower level‘of:
the basin. As the discharge increased more sand was swept from
the lower level. Some particles moved laterally and circulated for
a short time on the upper level before being swept out of the basin.
At a discharge of 11, 000 cfs all sand material had been swept into
the dOWnstream channel

Operation of the Outlet Works Alone. --The outlet works was operated
with the reservoir water surface at the spillway crest and the gates
slightly closed to limit the discharge to the design value of 740 cfs.
‘Eddies formed in both sides of the basin, but their intensity and
extent were not large enough to cause riverbed material to be pulled
into the stilling basin, However, the eddies in the basin caused the
0pen1ng at the splllway face to alternately flow full then partially full,
causmg surgingin the conduit downstream from the gates. Such surg-.
‘ing might damage the gates and the gate controls. Figures 12A and B
show the conduit flowing partially full (12A) and full (12B).

Modifications to the Preliminary Design

Althouglr the model indicated that the prototype riprap would provide
adequate protection against erosion of the river channel at the end of
the stilling basin, a row of intermediate baffle piers was placed at
one-third the length of the basin to‘eliminate the reverse roller, thus
providing more absolute insurance that r1verbed material would not
‘be: moved upstream into the basm "

The outlet works was mod1f1ed to eliminate the surging cond1t1on ob-
served during operation of the outlet works alone. The roof of the
outlet condu1t downstream from the gates, which prev1ously sloped

. .downward, was raised to a horlzontal p051t10n resultmg in a larger :
outlet openlng ' _ S

'*“"The modlflcatlons to the prehmmary design resulted in comﬂletely
~ satisfactory operation of the spillway and outlet works. The mgﬂ_d1f1ed_




design was therefore recommended as the final design. Tests applied
‘to the preliminary basin were repeated for the recommended basin,
~ as described below.

The Recommended Design

- Since no changes were made to the spillway crest or to the cutlet
- works conduits upsiream from the gates, the spillway and outlet
works discharge capacities remained-the same as in the prelim-
inary design.

4 ‘Stilling'Basin Operation

Flow conditions in the stilling basin during smmltaneous operation
of .the splllway and outlet works were very good. The ''reverse
roller' was eliminated and all bottom turbulence was confined to
the stilling basin.  The profile of the hydraullc jump was altered,
becoming steeper. :m the v1c1n1ty of the baffle plers and essentially
horizontal downstream m‘om the piers? . ,

Sand Erosmn Test.--A 100 mmute test at the maxlmum combined
indi-
cated a very different erosion pattern than that observed for the pre-
liminary basin without baffle piers. No material was deposited on 4
the downstream side of the end sill; instead the bed 1mmed1ate1y down-
stream from the end sill was lowered slightly, as can be seen in the -

- profile of Figure 13A. The velocity in the downstream channel was

- sufficient to move material downstréam, the same as in the prelim-
inary design, : - )

The rldge of material immediately downstream from the outlet works
_portlon of the basin was again apparent, Figure 13B.

Riprap Test.~-A 100- minute test at the maximum combined. dlscharge

- with the riprapped bed did not move the rock protection, Figure 14,

. The sand bed downstream from the riprap, Figure 14B, assumed a

‘ conflguratlon very similar to that of the prellmmary de51gn, Figure 11C

‘Movement of Rock in the Stllllng Basm —-The test used with the pre—
liminary design was duplicated. With the spillway operating alone at -
.20, 500 cfs, 1/2-inch material was swept downstream and deposited
1mmed1ate1y upstream from the end sill.. There was some down-
‘stream movement after deposition and several pieces moved through
the dentils. Most.of the 1-; 1-1/2~, and 2-inch material was initially
- moved by the flow to the area between the baifle piers:and the end.sill,
then moved slowly along the floor, firally coming to rest immediately.
~ ups tream from the end sill. Several 2-inch fragments lodged between




the baffle piers; Some of the 1-inch material moved through the
dentils. Also, several pieces of the 2-inch material were deposited
along the slope in the outlet works portion of the stilling basin.

For a spillway discharge of 12, 300 cfs, the 1/2-inch material was
initially moved to the area between the baffle piers and end sill, then
moved downstream to the end sill. Some fragments moved through
the dentils. Most of the 1-, 1-1/2, and 2~inch material was depos-
ited in the downstream one-third of the basin; several large fragments
lodged between the baffle piers. No material moved through the den-
tils. Fragments placed by hand in the downstream end of the outlet
remained in that position.

- With the spillway discharging 5,900 cfs, 1/2-inch material was moved
to a p051t10n 15 to 20 feet- {prototype) downstream from the baffle piers
1- and 1- 1/2-inch mate-

1mmed1ate1y downstream from the piers. Nearly all the 2-inch mate-
rial was moveéd to an area upstream from the baffle piers. Fragments
" which were hand placed downstream from the piers remained in that
position.

: : ‘ i
The movement of sand was observed during an increasing spillway
discharge, as in the preliminary design. Apgain, sand circulated in
the upstream portion of the_basin for low spillway discharges. The
presence of the baffle piers caused some of the material to be held
.upstream from the piers for discharges below approximately 4, 000 cfs.
At this discharge some sand was circulated rapidly around the baffle
piers.: As the discharge increased the turbulence around the baffle
piers 1ncreased then moved to the downstream side of the piers. At
a discharge of about 8, 000 cfs the sand had moved out of the zone of -
high turbulence and prdctlcally no material was lifted off ihe floor.

-At a discharge of approximately 18, 000 cfs all material had moved
downstream to an area immediately upstream from the dentated end
sill and sand was moving between the dentils into the downstream

_channel. At the maximum spillway discharge of 20, 500 cfs the sand
continued to exh1b1t slow movement from the basin into the downstream
rlver channel . :

In general the recommended basin-exhibited a greater tendency to re-
tain material within the basin than the preliminary design. In either

‘case, the only indication of possible damaging circulation of abrasive
materlal occurred during small spillway discharges when the turbu-
lence was-confined to the upstream portion of the basin, The guestion
remains as’to whether, the available energy will be sufficient to cause
-abrasive damage if the material is available, It is recommended that
- all practical precautions be taken to eliminate the presence of abrasive

- .material in the basin before and during operation of the spillway.




The most probable source of abrasive material is the downstream
channel. The model indicated that the addition of baffle piers elim-
inated the possibility of material being pulled into the basin during
spillway operation For discharges above approximately 8, 000 cfs,
any material in the basin will move downstream and: eventually enter
the downstream channel. In view of these findings, the inclusion of

- baffle piers is recommended. If the baffle piers become severely

damaged by freezmg and thawmg during the winter months, the basin
. should continue to operate satisfactorily with the conflguratlon of the
preliminary design: 2

Operation of the Qutlet Works Alone, --The operation of the modified
outlet works was satisfactory, Figure 15. The larger opening elim-
inated the surging described earlier. Eddies which formed in the
basin caused slow circulation of sand and other small particles which
-represented an estimated prototype size of 3 to 6 inches. Flow con-
ditions at the outlet indicated that abrasive material mlght circulate
rapidly near the outlet, because of the sudden expansion of flow and
accompanying turbulence. This again siresses the importance of
keeping the stilling basin free of sand and rock material,
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Figure 5
Report Hyd-554

D v

X~D=4B770 —

A. Outlet works entrances and upstream
face of spillway

—

B. Outlet works exit, downsiream face of spillway, and
stilling basin

Lower Two Medicine Dam
Spillway and Outlet Works

1:24 Scale Model

SECTIONAL MODEL OF SPILLWAY AND OUTLET WORKS
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FIGURE 9
REPORT HYD -554

4885
. il

SPILLWAY CREST~

. ol
g LTS
o

4880

4875

4870

4865

RESERVOIR ELEVATION — FEET

4860

o DA‘!’A POINTS

)

. 4855

2007 400 . 600 800

. QUTLET - WORKS DISCHARGE - CFS
~TWO GATES EQUALLY OPEN

LOWER"TWO MEDICINE DAM
spn.n_wmr AND OUTLET WORKS
24 SCJ-'ILE MODEL

GUTLET WORKS DISGHARGE GAPAClTY




01 2andra

$6G-pAH j3a0day

P2-D-=51661

A, Sand bed before test

{facing downstream)
B. Spillway discharge = 20, 500 cfs
Outlet works discharge = 716 cfs

o -
PI-D-51064

D. After test

E. Deposition of sand on Lower Two Meticine Dam C. Closeup of action at end sill

end sill after test Spillway and Outlet Works

1:24 Scale Model

SAND EROSION TEST, PRELIMINARY DESIGN
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Figure 12
Report Hyd-554

A. Conduit llowing partially full
outlet works discharge = 740 cfs
tailwater elevation 4855.2

B. Conduit flowing full

: Lower Two Medicine Dam
i Spillway and Outlet Works

; 1;24 Scale Model
OUTLET WORKS OPERATION, PRELIMINARY DESIGN




Figure 13
Report Hyd-554

P2-D~51671

A. Spillway discharge = 20, 500 cfs
Outlet works discharge = 716 cfs

B. After test

Lower Two Medicine Dam
Spillway and Outlet Works

1:24 Scale Model
SAND EROSION TEST, RECOMMENDED DESIGN




Figure 14
Report Hyd-554

P2-D-51672

A. Spillway discharge = 20, 500 cofs
Outlet works discharge = 716 cfs

P2-D-51674

B. After test

Lower Two Medicine Dam
Spillway and Qutlet Works

1:24 Scale Model

RIFRAP TEST, RECOMMENDED DESIGN




Figure 15
Report Hyd-554

= 740 cfs
5.2

Qutlet works discharge
Tailwater elevation 485

Lower Two Medicine Dam
Spillway and Outlet Works

1:24 Scale Model
OUTLET WORKS OPERATION, RECOMMENDED DESIGN

GFO 8385-213




CONVERSION FACTORS—BRITISH TO METRIC UNETS OF MEASIRFMERT

The following conversion factors adopted by the Buresu of Reclamation mre those published by the American Soeiety for
Testing and Materials (ASTM Metric Practice Cuide, January 1964) except that sdditicpal fectors (») commonly waed in
the Bureau have been added. Further discussion of definitioms of quantiiies and units is given on pages 10-11 of the
ASTM Metric Practice Guide,

The wetrdic units and conversion factors adepted by the ASTM are based on the "International System of Units" {designated
SI for Systeme International d'Unites), fixed Ly the Imterngtional Commiitee for Weights ard Messures; this system 1s
ulgo known 8§ the Giorgi or MKSA (meter~kilogranm (mass)-second-smpere) system, Thiz system has been sdopted by the
Ioternational Crganization for Stendardizution in ISO Recommendation R-J1.

The metric technieal undt of force is the Mlogram-force; this 1s the force whichk, when applied 1o 8 body having a

mass of 1 kg, gives it an accelerntion of 9.80665 m/sec/Bec, the standard mcceleration of free fall toward the earth's
center for-ses Yevel at 45 deg lstitude. The mwetric urdt of foree in 5] units iz the-newton {N}, which is defined as
thet force which, when applied to a body having & mass of 1 kg, gives it an scceleration of 1 m/see/sec, These undts
must be distinguished from the (inconstent) local wedght of e body having & mass of 1 kg; that is, the welght of

body in that force with which a body is sttrected to the earth end is equal to the mass of a body muttiplied by the
sceeleration due to gravity. However, because it is genera) practice to use "pourd™ rather than the techpically

correct term "pound-force,” the term "kilogram"™ (er derived mass unit} has been used in this guide ingtead of "lHlogram=
force" in expreesing the conversion factors for forces. The newton unit of foree will finé increasing use, end is
essential In SI undts. R U :

Table 1

QUANTITTES AND UNITS OF SPACE

. + . o Centimeters
. . . Meters
0.0003048 (exactly}s ., . Kilommters
- 0.9144 (exaotly) . . . . .
Mlea (statute) 1,609.3% (exactly)s .-
- . L - 1.609344 {exactly)

ARRA

6.4516 (exastly) . . . - Square centimeters
~ Square feet, , .- . 922.03 {exactly¥*. ,;+. . . ., Square centimaters

Cubic inches .- Cuble centizaters
Cuble feet . . Cubic meters
Cublc yards Cubi: meters

Fluld omces (U.5.) ’ . . . Cubic centimetera
. - ; : « Mill{liters

Liquid pinta (U.5.) " . : . . . Cubic decimetars
- . Liters

.7 Cuble centimsters
. » Liters
. Cubie centizeters
. Cubis decimeters
. Idters
. Cubic metera
Oallens (UK.} . 54609 Cublc decimeters
_ . Liters
Cuble feet . ., . . PR Litera
Cubic yards : -] . .. .+ Liters
Asve-feet . 1,233,5% . . Cuble meters
1,233, 500+ e b e s - a . Liters
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SN ,  ABSTRACT
(‘/f r( /;/
AL 24 geale sectipnal model of ihe Splllway and outlet works of
Lower Two Medlcﬁm Dam’in Montana indicated that the stilling
basin, common to both features, would operate satisfactorily as
a USBR Type II basin, but thai the basin performance could be
1mproved by the add1t10n of an 1ntermed1ate row of baffle piers.
The piers eliminated a ""reverse roller' ohserved in the river
channel immediately downstream from the Type II basin, which
conceivably could result in river bed niaterial being pulled up-
stream into the stilling basin with possible accompanying abra-
sive damage. The spillway and outlet works had sufficient capa-
city to pass the.required flows. Sand erosion and riprap tests
were applied to both the preliminary and recommended basins
and the movement of rock and sand matemal ‘was observed in

both basins.

ABSTRACT ) 'Qi: i

A 1:24-scale sectional model of the spillway and outlclt work; of' :
-~ Lower Two Medicine Dam in Montana indicated that the; stllhng

basin, common to both features, would operate satlsfactomly as
a USBR Type II basin, but that the basin performance could be
improved by the add1t10n of an 1ntermed1ate row of baffle p1ers

" The piers eliminated a "reverse roller" observed in the river
channel immediately downstream from the Type II basin, which
conceivably could result in river bed material being pulled up-
stream into the stilling basin with-possible acecompanying abra-~
sive damage.’ The spillway and outlet works had sufficient capa-
city to pass the required flows. Sand erosion and riprap tests

- were applied to both the prelimincry and rccommended basins

--and the movement of rock :md sand material was observed in
y both basms Cwml

ABSTRACT

A 1:24-scale sectional model of the Splllway and outlet works of
Lower Two Medicine Dam in Montana indicated that the st1111np
basin, commaon to both features, would operate satisfactorily as
a USBR Type II basin, hut that the basin performance could be °
1mproved by the addmon of an 1ntermed ate row of baffle plers
The piers eliminated a "reverse roller” observed in the river
channel immediately downstream from the Type Il basin, which
conceivably could result in river bed material being pulled up-
stream-into the stilling basin with possible accompanying abra-
sive damage, The spillway and outlet works had sufficient capa-
city to pass the required flows. Sand erosion and riprap tests
were applied to both the preliminary and recommended basins
and the movement of rock and sand material was observed in
both basins,

ABSTRACT

A 1:24-scale sectional model of the spillway and outlet works of
Lower Two Medicine Dam in Montana indicated that the stilling
basin, common to both features, would operate satisfactorily as
a USBR Type II basgin, but that the basin performance could be
improved by the add1tmn of an 1ntermed1ate row of baffle plers
The piers eliminated a "'reverse roller"” observed in the river
channel immediately downsiream from the Type I basin, which
conceivably could result in river bed material being pulled up-
stream into the stilling basin with possible accompanying abra-
sive damage The spillway and outlet works had sufficient capa-
city to pass ihe required flows: Sand erosion and riprap tests
were applied to both the preliminary and recommended bazins
and the movement of roek and sand material was observed in

both basins.
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