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PURPGSE

These studies were mads to develop a satisfactory
stilling basin under limited tailwater conditicns and
with unsymmetrical approach flow resulting from a
circular curve in the upstream conduit.

RESULTS

1. The centrifugal force of the high-velocity flow in
circular curve caused the flow tc'rise over the top of
the conduit at maximum discharge. The flow appeared
to fill the conduit at the pertal, apparently sealing off
the air to the conduit.

2. A guide vane suspended norma! to the conduit roof
and 28-1/2° 1o right of center, Figure 4, prevented the
flow frem crossing over the conduit crown. Pressures
measured along the:vane indicated nominal impact
forces,

3. Flow entered the stilling basin approach chute at an
angle, resufting in very uneven flow distribution in the
stilling basin. Deflector vanes developed and placed in
the chute greatly improved the flow distribution in the
basin,

4. Pressure mieasurements and air demand fests

“indicated that air vents should be placed on the lee side

of the deflector vanes in the chute and the vanes
should be clad with steel plates for protection.

‘5, The location of the basin and the need 1o minimize

the amount of excavation resulted in a basin limited in
length and with insufficient tailwater depth for

- standard hydraulic jump basin design. Large baffle
-blocks "with concave upstream faces were developed

that provided  excellent energy dissipation, The

location,  spacing, and size of the blocks were’

developed by trial and error methods specifically for
the unusual flow conditions in this basin.

6. Pressure measurements on critical areas of the
blocks indicated that in some locations pressures as
high as 75 feet {22.85 m) of water above atmospheric
and as low as 19 feet (5.79m) of water below
atmospheric could be expected.

7. Because of the large range in pressures and the

turbulence in the flow, the blocks should be armored -

with steel plates.

APPLICATION

The results of these studies are generally appiicable
only to structures having flow conditions and
construction limitations similar to those found at Sitver
Jack Dam.




INTRODUCTION

Silver Jack Dam, a feature of the Bostwick Park Project
in western Colorado, is located on Cimarron Creek
about 25 miles {40.25 km) southeast of Montrose,
Figure 1. The earthfill dam has a height of 150 feet
(456.7 m} above the creekbed, a length of 1,070 feet
(326.2 m} at the crest, and a fill volume of 1,260,000
cubic yards {963,500 cu. m). The principal hydrualic
features are a spillway and an outlet works The

" spillway is the subject of this report.

The spillway is a 41-foot-diameter {12.48 m) morning
glory with its crest at elevation 8925.50, 136 feet
{4150 m)} above the creek channel, Figure 2. Flow
from the spillway crest falls about 44 feet (13.4 m}
into a 16.5-foot-diameter (5.03 m) circular conduit.
The circular conduit is about 563 feet {171.56 m] long
and terminates in an open channel chute leading to the
stifling basin. The conduit flares and connects 7o a
diverging chute leading to the stilling basin. The stilling
basin floor is about 147 feet (44.8 m) below the
spillway crest,

In the spring of 1969, the morning glory crest and
circular conduit had been completed down 1o Station
7+26, A massive landslide engulfed and destroyed parts
of the nearly compieted stilling basin and chute, and
cracked about 38 feet (11.6 m) of the completed
circular conduit. A new site for the stilling basin was
selected to the left of the initial location, adjacent to
and parallel to the autlet works stilling basin, Figure 2.
A conduit bend having a 165-foot (50.4 m} radius and
a deflection angle of 17-1/2% to connect the existing
undamaged conduit with the relocated stilling basin,
The floor of the relocated stilling basin‘is 16.5 feet
{5.04 m) higher than the original basin floor,

Because of the curved approach conduit and the very
shallow basin, hydraulic model studies were initiated to
thoroughly investigate the flow conditions in the
curved conduit and basin.

THE MODEL .

To. conserve time, some readily available 11.5-inch
t?32 cm) inside-diameter, clear plastic tubing was
“gelected to\ represent the 16.5-foot-diameter {(5.03 m)
prototype conduit, resulting in a model scale ratio of
1:17.22. The maximum discharge of 6,280 cfs (177.8
cms) was represented in the model by 5.10 efs (0.14
cms).

The model included a 5-foot (1.52 m) length of
circular conduit approaching the conduit bend, the

bend, the circular-to-horseshoe transition, the
open-channel chute, the stilling basin, and a section of
the excavated channel downstream from the stilling
basin. The correct flow depth and velocity in the
circular conduit were obtained by regulating the flow
with a slide gate at the upstream end of the circular
conduit,

THE INVESTIGATION
Conduit Bend

The theoretical flow velocity at the start of the vertical
curve is expected to be about 74 fps (22.55 mps), 77
fps (23.46 mps), and 80 fps (24.38 mps) for the three
test discharges of 1,650 cfs (46,76 cms), 3.140 cfs
{89.0 cms), and 6,280 cfs {177.8 cms). The 1,650 cfs is
the discharge resulting from routing the computed
100-year flood through the reservoir, spitlway and
outlet works. The 6,280 cfs is the discharge resulting
from routing tt:¢ computed inflow design flood.

For the inflow design flood, the flow climbed the
outside of the conduit bend starting a short distance
downstream from the P.C. The flow crossed over the
top of the conduit in the transition and seemed to
completety fill the conduit at the portal, Figure 3. The
flow appearance was similar for discharges of 1,650 cfs
{46.75 cms} and 3,140 cfs (89.0 cms), but did not
cross over the top.

Severar deflectors were tried to prevent the flow from
crossing over the top of the conduit. The first trial was
a deflector normal to the side of the conduit along the
sprmg line. The deflector extended from about the
midpoint of the bend downstream to a point about 10
feet (3.05 m)} beyond the end of the hend. This
deflector did not intercept a sufficient amount of the
flow s0 it was lengthened about 5 feet (1.52 m) in the
upstream direction, The deflector still was ineffective
and a further increase in length would result in an
impractical structure from the construction viewpoint.

A narrow wall suspended from the conduit crown was
next installed. The initial deflector wall was 1 foot {.3
m} wide, 6 feet {1.83 m} high and extended from the
P.T. of the bend downstream to the end of the
transition. The wall prevented the flow from crossing
over the crown cf the conduit. However, it deflected
the flow vertically downward into the part of the flow
moving along the conduit invert and the merging of the
two high-velocity flows resulted in an excessive amount
of splashing and spray downstream from the conduit
portal. ‘




To prevent the direct impingement of the deflected
flows, the wall was moved to the right of the crown.
Three trials were made with the wall off center 15°
28-1/2° and 45° from vertical. All of the off-center
locations reduced the splash and spray, but the 28-1/2°
location, Figure 4, caused the minimum amount of
disturbance and also improved the flow distribution at
the tunnel portal.

Moving the deflector to the off-center position also
required that it be extended upstream 7.5 feet (2.2S
m} into the curved portion of the conduit to intercept
all of the flow crossing over the top of the tunnel.
Tests were made to determine the minimum slant
height for the deflector wall. These tests showed that
the slant height could be reduced to 4 feet (1.22 m)
without reducing the wall’s effectiveness,

Six piezometers were placed along the right side of the
deflector wall near the roof. Pressure measurements at
the maximum discharge indicated that at the upstream
end where the wall intercepted most of the flow, the
pressure would be equivalent to about 14 feet {4.27 m)
of water, Figure 4, All of the other piezometers
indicated pressures near atrmospheric., ‘

One piezometer was placed on the outside of ihe bend
near the ‘spring line about 20 feet (6.1 m) upstream
from the P.T. of the bend. This piezometer was used to
deterrnine if excessive pressures due to the centrifugal
force of the water should be considered
structural design of the bend. Pressure measurements
showed that the pressures in this area were about

hydrostatic at all discharges. At 1,650 cfs {46.75 cms)

the pressure was- atmospheric, at 3,140 ¢fs {89.0 cms)
the pressure was about 1 foot (0.3 m) of water above
atmospheric, and at 6,280 cfs (177.8 cms) the pressure

was about 8 feet {2.44 m) of water above atmospheric,

Open Channel Chute

Flow entering the diverging chute leading to the stilling
basin . was very unsymmetrical and the unequal
distribution carried into the stilling basin. In the
preliminary, design, the flow was concentrated on the
left side of ‘the basin with the 1,650 cfs (46.75 cms)
and 6,280 cfs (177.8 cms) discharges, but with the

3,140 cfs {89.0 cms) discharge the flow was more -

concentrated on the right side, Figure 5. The deflector
wall in the conduit did not affect the flow at the two
low test discharges; at the maximum discharge, the
deflector wall slightly improved the flow distribution,
but the flow still tended to concentrate along the left
side, ‘

in the

Longitudinal guide vanes dividing the chute in thirds
were developed to provide symmetrical distribution of
the flow entering the stilling basin. Both vanes are 2
feet {.61 m) wide and extend between Station 7+99.50
and Station 8+50.00. The height of each vane and the
configuration at the upstrearmn end were developed by
cut and fit until the optimum distribution of the flow
entering the stilling basin and the minimum amount of
disturbance near the upstream end of the vane were
obiained for all three 1test discharges. The
configurations of the vanes are shown on Figure 6 and
the flow appearance in the basin is shown on Figure 7.

Piezorneters were installed in the floor on both sides of
each vane and two air vents were placed on the left side
of each vane. The location of the piezometers and air
vents is shown on Figure 8. The general direction of
the flow at the upstream end of the chute was
diagonally from right to left. The piezometers on the
right side of the vanes were to determine the
magnitude of the impact forces, the piezometers on the
left side of the vanes were to detect any potential
subatrnospheric pressure areas and to determine the
pressure differential across each vane. The air vents
were to determine if air was demanded on the lee side
of the vanes and, if so, the effect that supplying air
would have on the pressures,

The lowest pressure occurred on the left side at the
upstream end of the right vane, Figure 8. The pressure,
equivalent to about 11 feet (3.35 m) of water below
atmospheric, was rneasured at the maximum discharge.
The lowest pressure at the left vane was about 8 feet
{2.44 m) of water below atmospheric, also measured at
the maximum discharge. The greatest pressure
differential was measured at the upstream ends of the
vanes during the maximum discharge. On the left vane, -
the differential was equivalent to about 19 feet (5.79
m} of water, and on the right vane, the differential was
about 22 feet (6.71 m) of water. :

The upstream air vents supplied air at all discharges.
However, occasicnally the downstream vents would fill
with water and once filled, they would not voluntarily
empty . and start drawing air agaiir. There was no
significant difference in the piezometer readings with
the air vents open or closed. -

The air vents were connected to water manometers 1o .,
determine the pressure on the side of the vanes. At the
maximum discharge, the upstream vent on the fee side
of the right vane indicated a pressure equivalent to
vapor pressure when both vents were closed; when the

LY _
=, downstream vert was opened, the pressure at the
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upstream wvent was about 10 feet (3.00 m} of water
below atmospheric. The downstream. vent in the left
vane indicated a pressure of about 4 feet {1.22 m) of
water below atmospheric when no air was supplied;
when air was supptied through the upstream vent, the
pressure at the downstream vent was ahout 2 feet (.61
m) of water below atmospheric. The results of the
pressure measurements have been tabulated on Figure
8.

Based on these studies, it was recommended that air

vents be provided on the left side of both vanes and
that the vanes be steelclad as shown on Figure 6.

iy
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The theoretical flow velocity and depth at the toe of
the chute are 90 feet {27.43 m) per second and 1.99
feet {.61 m), respectively. These values assume uniform
flow distribution on the chute and a2 Manning's
roughness coefficient n = 0.008. ldeally, for these
entrance conditions, a Type t1? stilling basin should be
128 feet (39 m) long with a tailwater depth of 28.5
feet {8.99 m) and a Type 111 stilling basin should be 70
feet (21.32 m) long with a tailwater depth of 25 feet
(7.63 m). Due ta the landslide on the right side and the
space limitations caused by the proximity of the outlet
'works stilling basin and discharge channel, the basin
length was restricted to 84.50 feet {26.75 m) and to a
tailwater depth of only 19 feet {5.29 m}.

To compensate for the inadequate tailwater depth,

large baffle blocks with concave upstream faces were
installed 'in the basin. These blocks were patterned
after blocks that had been used successfully in another
structure where sufficient tailwater depth was not
available.?

fn the initial arrangement, two rows of blocks were
installed, The first row contained three 3-foot-wide

(.91 m} and two 2-footwide (.61 m) blocks with their

upstream faces about 10 feet (3.05 m) downstream
from the toe of the slope. The second row contained

“four 3-foot-wide blocks 14 feet (4.27 m) downstream
- from the first row, All blocks were 7 feet (2 13 ).

high.

This arrangement provided unsatisfactory stiliing
action in the basin, The lack of energy dissipation was
evident whether or not the deflector vanes were
instailed on the approach chute, Figures 5 and 7. A
similar block arrangement was tried with 5-foat-high
{1.62 m) blocks in both rows and with 5-foot-high

o

blocks in the first row and 7-foot-high {2.13 mj blocks
in the second row. There was very little imp. ovement
in the energy dissipation with any of these symmetrical
arrangements of blocks.

The flow entering the basin was not truly symmetrical
and the flow concentration changed from the left side
to the right side and thzn back to the left side 25 the
discharge increased. Tnese flow conditions indicated
that an unsymmetrical block arrangement might be
necessary to cobtain adequate energy dissnpatmn. On
this premise, the tests were continued oivg-“trial_ and
error’’ basis to develop an effective block arrangement

The locstion of the rows and the spacing and location
of individual blocks were adjusted and changed many
tlmes in arriving at the recommended arrangement with
thrée rows of blocks as shown in Figure 9. The flow
appearance with tne recommended arrangement for the
stilling basin- is shown on Figure 10. The excellent flow
conditions were prevalent for all discharges.and the

" tailwater could be lowered about 3 feet {0.92 m} at

which point the model channel became the control,
without adversely affecting the basin efficiency.

Eleven piezometers were installed in critical locations
in one block to determine if dangerous subatmospheric
pressures or exceptionally high impact pressures could
be detected, Figure 11. Pressures were measured with
the block in each of the four positions in the first two
rows and in the centerline position of the third row.

The highest pressure was measured with the block in

the two first row positions on the ieft second-row

pos:tlon These pressures, located in the center of the

concave face, were equivalent to 70 to 75 feet (21.3 to

22.8. ra) of water. The lowest observed pressure was

equivalent to about 19 feet {5.79 m) of water below

atmospheric. The low pressures occurred.on the sides

of ‘the block near the top, with the block in the left

second-row position. The pressure readings have been
tabulated on Figure 11,

Dynamic pressure readings were not taken; however,
due to the turbulence of the hydraulic jump and the
low wpressures that were measured with water
manometer, it was recommended that the blocks ke
protected with steel plate:-'.i’as shown on Figure 8.

1 USBR Engineering Monograph Na. 256 “Hydraulic Design of Stilling Basins and Energy Dissipators.”’
2 Beichley, G. L., Report HYD-394, “Hydraulic Model Studies of the Ouilet Works at Carter Lake Reservoir Dam
No. 1 Joining the St. Vrain Canal. o
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Discharge = 1680 cfs
T. W. Elev. = 8792.6
Photo PBE0-D-65960

Discharge = 3140 cfs
T.W. Elev. = 8793.8
Photo 860-D-65961

Discharge = 6280 cfs
‘ Cee ; : T.W. Elev. = 8795.3
o @ o e el Photo P860-D-65962
Photo P860-D-65959

SILVER JACK DAM
Hydraulic Model Studies
1:17.25 Scale Modal
Stitling 8asin Performance
Recommended Vanes in Conduit and Chute-Preliminary
Baffle Block Arrangement
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T-ITS0 . 1-30n
Boteas 12 Keviamation

oo:.j’ hzving
11 toward (7

. the ronveried metric units
convernied metric unils

: QUAN'I'I'I‘IES AND UNI'I'S OF SPACE
Muitipty By To obtain
IENGTH

@ A MU, . . L e . . 25.4fexactly). . . . . . . . Micron
: Inches . . . . ... .... 28.4 (exactly). . . . . . . . Milllmeters

e e e e s e e e e e, 2 B4(exactiy)*, . . . . . . Centimetlers
Feat . . . . . . . .. . .~

. 30.4B{ezactly) . . . . . . . Centimeters
e e e e e e e e i C,3048 fexactly)*. , . . . . Meters
e e e e e e 0.0003048(encuy)*....m10me£ers
Yards . . . ... ... . 0.5144 {exactly) . . . . . Meters
Miles (statute), ., . . . . .7, 1, 609 344 {exacly .. . . . Meters
BOQM#{emtly).....Kﬂometers

_AREA
Squareinches . . . , ., . .. 923.4516 (exactly}. . . . . . Sguare centimeters .

Squarefeet’. . . . . . . .. 03, = » » + - « . Bguare ¢entimeiers )
ek h e e e e om . 0.082803 . . . . .., .. . Square meters =

Square yards . . . . . . . . C.&38127 . .. . . .. . . Square meters :
Acres . .. . ... ... T D.404E9% ., . 0. . . . . . Heslares

. ¢ L -..» Square meters

e e e e e e 0. 0040460 | . Sguare kilocmeters |
Sguzre miles . , . . . . . . C2,58002, | . Sguare kllometers *

VOLIME

Cublednches .. . . . ... 16,3871 . i v . . . . . . . Cublec centimeters ~
Cublcfeet, . . . . .. ... 0.0283168. . . .7. . . . . Cublc meters
Cubleyards. . . . . . . .. Q784656 . . ., . 5 . . . . Cublc meters

i cAPACTY

Fluld ounces (U.8.) .. . .~ 28.5737 5 . ., Cuble. centimeters
T Ny - A ters
Liquid pints {(1.S.) . . . . 0.473178 . Cuble decimeterf-‘
v PR SR.4T3657, . " Liters . - R
) . Quarts (LS. ). . . . . . 946,368 . ., . Cuble cenhmete's A
| e i e e e ae - 0.946331x “Liters
B ) Gallens {U.B.). . .. . . . 3,765, 43+ |, | . Cubic centimeters =
. i e e e e a e 3,78543. . . Cublc declmelers
e e e e e : 3.78H33, . Iiters. : e
. e e e 0. 00378543+ Cubic meters- . -
Gallons (LK) . . . . .. 4.54609 . . Cuble decimeters
s e 4.54588. | , Liters -
Cubfcfeet, = . . . . . .. . 28,3160 . ., Liters - &
Cubie’ yards. e e e e e - 764, 55 . Liters 5
Acre-feet. . . . .. . .. 1,233.5¢% . Cubic meters Sy
e e e o e . .1,233 500> .= = Liters . - i
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. Table 11
":_1= 5 J QUANTITIES AND UNITS OF MECHANICE
- A N
- & Multiply By = To obtaln  Muliiply By Ty olitaln
B V7Y WORK AND ENERQY?*
Gralns (1{7,0001\:) R h e e 61, 79801 [emcliy) e s v« » MiHgrams British thermal undts (Bluk. . ., . '—0..2!52' W e e ey 4. Ellograis eslorlos
Troy ounces (480 gratms), . . . . . . -3L1036. . ... .. .. Grams e e v . 1,0B508 .0 ... 0w . Jenogn
Ounces {ovdph, e o v 0 v 2 ¥ ST e 28,8405, . . . . . - . ... » Grams C Bluporpound, . .0 v s s #3020 doencily) . . . ., . Joules per grRin
= Pounds{awdpl. & . o o+ 2 x4 a4 w4 0, 45369237 (exactly). . . . . Klograms :  Femi-poubdd ;o ovoe o w aa e s s i 3OBBAY, Ly e a dOM]EY
Shert teas | Oﬂﬂlb)..-....... 7.188 . . v . o4 s .o+ .« Klograms . . N
o 2. 240 Lty e ....10&%7185. e e 4 e .#ﬁtrlclum POWER -
. Long toas {2, LA CAMS
= HOTSODOWAT | . 4 4 - v o v 0 o+ 0 THTOD . o 0 v 0 v . v 4 4 o Walts
- FORCE/AREA Bluporhour, . ¢ o & ¢ 4 s o s« ¥ ozma'n..........waus
e LT _ B M,HL... L1.OBBAY o o b s e, s WAMS
Pounds per square Inch ... o 2 . 4 . 0.09%0307. . .+ « . .+ « » Kllograms per squore centimeter
C S N ¢.868478, . . ., . . . . . Newlons per sguare cenllmeler HEAT TRANSFER
Pounds per square fool . . . oL 4, 88243 , . . . .. .. « » Rlograms per square meter
e+ 4w s .  AT.B8BO3. , . . . . . .. . . Mewlonsper sguars maoter . BluIn, /hr 112 dey F {k,
w - : thermal conductivity) v .+ . . 4 . L4442 .. v v v v o v v .. Milllwoliefem dey ©
LMASS/YOLUME (DENBITY) e [ %1240, . v . o o v v v o Kgeal/hrm dcg
; ) Bluft/hrlﬂdegF e hae e 1,4880* . ., . ... . ... Kgeol m/hr nddeg C
cr.ml:aqpnrcublc Imehe o o i o s 0 1,72080 , . . . . . « « « . Grams por coble centimngter Biu/he I3 deg F (C, thermal
. Pounds per cuble foot . . . . 4 . 7. 18,018 , . + « « » « Kilograma per éubje ineter CORJUCIBNCE) & + 4 4 v « x4 oa s s o508, . Lk Mllllwallu/cm’ daEC
e ae e e C.OIBO1BS . . . . . « & . & Grams per cuble centimater P T R 4. 882 v+ s s« « Kgeol/hr m® deg
"-"-Torls {long} per cuble Erd. Ceegs 1,32804 . ., ., .. .. Grungpercublc centimeler Deg F hr ft2/Btu {&, thormal
B . : ¥ - T . - pogistance} , PR I (R Duchrnﬁ,fmllllwall
i T “ MASI/CAPACITY Blu,flb deqF(c, hcnl c.'lpa.cllyl. [T 4,1868 |, L . .. e q
- - B . Bty/lb dag 1, 000* ..........Ca(qrnmduqc
- * . Ouncesporqallon (LS.} . . . . . o % %480, [, ..., .. .. Grams por “Ulrr . Fid/hr (lhermnl dl'ma!.v!ty) et s 0,268l . w v ww e e El froc
Qunees per gallon {U. K.) « .« . . . B, 23482, .......-...Uramsperuter PP C00200%, o oon s e n s o Mihr
Bl .. . Pounds per gallon (L8,) voLilThueeesl Lol .. ..., Qremaperd ‘
: - Poundgpergallon (U, K.) . . . . . @7, . . . .. . . Grams Erl‘a WAT@!R VADPOR TRANSMISSION
- ' : i BENDING MOMENT CR TORGUE Qrnins/br A2 (water vapor .
g ] lransmniesiond . o o 4 o ¢ 0 b0 s . .7 o v s va v v s« Qramn/24 hr m?
i Inch—gtundd . .« + . s 0011621, .o v 4+ s+« » Melepaklograms Petms (permeance) , P 0.950 . . . v 4« 4 v 4+« Melrle perms
- : R . 112086 x 206, . Lo .. Centimeler-dynas Ferm-lncheu (ner:nenblllly] e laid L9 . v . v v v os o Molrle pepm-contimatern
- ‘“ Foct-pounds . . ¥ . . 0. 138266, ... . v v 0 4 . Mal.er-khagmms :
‘e e . 13b5e2 X 107, . . ... . . . Cenlimeter-d
. Fmt-paunds per inch . 54431, . . . . .« . .+ Cenlimeter- lograrns por cenllmelnr
- . Oun:e-lnches. P . Te008 . . e e ., COramscenttmelers
. v ~ C T VELOCITY
. Feat per second. . . o 30,48 fexnctlyl. V.. . . . . . Centlmeters per-secand
N e S e e . 3048 [emuy v« « + + » Motars per second .
Lo ';r‘ﬁlet per year. . ... e ?%gggrm AREERE Eﬁntlmf!eru perhmcond . Table 111
. i
. L TEsETe L L 1ol Gl4470dtemglyl, . . . . . Metera per bocand OTHER QUANTITIES AND UNITE
N _' ACCELERATION* s Multiply By To ghialn
< Featporsecondd ., . . .. .. 0.3048% . . . . .. ..., Malers per socomd® _ Cuble feet per square fool per -

“

FLOW

day (seepage} . . .
ound-ascands per squ.u.re foot

{vincosity)

4, 88247, , .,

1dters pet mpuAre nelor pap dny

Kl.lugr-lm recond por cquate incler

Cublc feel per second {second- : = Square feel v gecond [vlacnsliy] G, 002603%. | | | RN fquaro rheters par second
R Toat} - B e . .. QO3 , ... . ... Ciblcmelers por second Fmenhﬂitffeqrees (chonge)*. .. . B/2exnctly . .+ . . . . . . Celslug or Kolvin dogroen {change*
o ‘Cubfe foel per minute . v v v .oy s . 0478 ., ., ... ... Llters per second Volts per mi . P 0.03037. . . . .+ v+ « Kllaovelts per milllmeler
} Gallens (U, 8 )perminute , . . . . . = 0.08399 . . . . . . 4 . . . Litets per second Lumens rsqua.ra fuol {tact- -
K N - - candles - P 10,784, « « « + v v « 4 1« » Lumenn per square meler
FORCGEY - .- Qkm-clreular mla per fool . . . . . v+ v+« s 1 s Ohm-sguare millimetery per meler
g . ' Miltcuries per cuble feol . . . . ., v e s v« o+ w o Millleurles per cuble meler
‘PoundB: .« s + 4 b a"r 0w e ow e e 0. 453602* . . . . . .. .« . Kllogrems Mililampe per aquare foot . , ', .+ v s e e i . Milllamps per squore motor
4. 4482+ a’® 4 w.= % - . Hewlono Cailong per oquara yard . . . . . . v s+ s 1+ » . [Lilors por square meter
- A 4, 44822 10°%* | . [, . . . Dypes Poundg perinch. . e ooy o o o, 0.198B8% , . 4 . . . . . Kllograms per centlmolyr
: ; GI'0 856 304
e . ,
o I ) = -
s .‘l,_k. N
T N ’. ) ‘ . ' L - ~°'
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