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Abstract  

Laboratory studies vere ma&,vith a 1:s scale m&l of Ute Dem outlet 
ororke to  aid i n  the developmnt of a basin-type energy dfssipator. The 
e x l ~ t i u g  outlat ~ r k ~  i e  to  be iladified by installing a horicontsl cyl- 
inder (fixed-cone) valve structure for controllbg the dbcharge into 
a concrete outlet cKi'mel. Hydraulic mdel tes ts  of the energy disoi- 
pator for the valve discharge revealed prrsblclne cauaed;>7 suhrgencm 
of the control valve, surging in  tbc energy dissipater, and overtoppie 
i n  the outlet channel. The prellmilury design was orodifiad to  reduce 
submargeoem and to  stabil ize thd flow in  the energy disripator and out- 
l e t  channel. 
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PURPOSE 

The studies were made t o  develop an acceptable energy 
dissipator for the outlet works. 

CONCLUSIONS 

1. In  the initial arrangement of the energy dissipator 
the downstream tailwater partially submerged the 
control valve at the design discharge. 

2. Diverging walls, ceiling, and floor and mrner fillets 
prevented submergence o f  the valve. 

3. Very little o f  the flow deflected upstream. Most o f  
the jet followed the flaring surfaces t o  the 45' inward 
projecting surfaces of the deflector. 

4. Baffles installed in the basin intercepted and spread 
the jet in the pool and dissipated the eneryy before the 
f low entered the canal. 

5. A sloping sill at the downstream end of the basin 
provided a hoo ther  transition for the flow from the 
basin into the outlet channel. 

channel, Figure 4. The valve, a surplus 484nch 
(121.92-cm) horizontal cylinder fixedcone) valve from 
the El Vado Project, is 12 inches (30.48 cm) oversize 
and, therefore, requires a short transition from the 
36-inch (91.44-cm) conduit to the valve. A stop t o  
prevent a valve opening of more than about 60 percent 
was also required t o  insure retention o f  hydraulic 
control at the valve. 

The outlet works is designed t o  discharge 275 cfs (7.79 
cu m per second) with the reservoir water surface at 
spillway crest elevation 3760feet (1155.19 m). 67 feet 
(20.42 m) above the valve centerline. Some time in the 
futur?, gates may be added t o  thsspillway, at which 
time the operating head R r  the design flow would be 
increased to 97 fee2 (29.57,rn). 

7.5 feet (2.29 meters) downstream from the basin The model, built to a scale of 1?8, included the valve, 
increased flow depth in the b&n and upstream end of the energy dissipating enclosure, and a 64-foot , , 

the outlet channel, providing more efficient energy (15.90-m) length o f  the outlet channel downstieam 
dissipation and a smoother water surface downstream. from the dissipator. 

The 36-inch- (91.44-cm-) diameter conduit i n d  ' 
APPLICATIONS 

modeled. Instead, a 6-inch. (15.24-cm-) diameter 
The energy dissipator discussed i n  this report was supply .line, which actually represented, a 48-inch 
developed for an existing outlet where the elevations of,, (121.92:cm) conduit, was used. A piemmeter tap at 
the conduit and outlet channel were fixed. Although b<i the conduit centerline elevation one pipe diameter 
same o f  the principles used in  containing the flow and Y;upstream from the valve measured the pressure head. 
dissipating the jet energy will be useful in  future Thus, the correct quantity of water at the proper 
designs, a more efficient structure probably would be qberating head to the valve was represented in  the 
used at new installations where submergence of the model. The curved alinement o f  the 64-foot (15.90-m) 
valve is not a problem. length of the outlet channel was not represented in the 

model since it was not considered critical in  the 
development of the energy dissipator and the model 

INTRODUCTION .,construction could be greatly simplified by using a 
! straight channel. It was desirable t o  contain most of 

Ute Dam in northeastern New Mexico, Figure 1, is part the flow within the concrete lining o f  the channel ' 
of the New Mexico Interstate Stream Commission's banks: therefore, the channel banks above the lining 
Canadian River Project. It is an existing structure were not modeled except for a 314-inch (19.05-mm) 
having an overflow spillway crest and an outlet works, extension t o  the lining which' represented 9 inches 
Figure 2. Plans are t o  modify the existing outlet works (22.86 cm) o f  unlined rock cut. 
by installing a control structure where the 36-inch- 
(91.44-cm-) diameter mnduit discharges into the outlet 

, , , 
Formal action for the deign of the control structure 
by the Bureau of Reclamation was initiated by the 
Sate of New Mexico through. the Bureau's Re$on 5 

$ Office a t  Amarillo, Texas. These hydraul&!model 
?,studies followed t o  aid in development of an ... 

aiyeptable energy dissipator for the discharge from the ~ .~ .~ ~ 

wntrol  valve. c, 
= ,  ,L 

THE MODEL ,; 



A 6-inch (15.24cm) horizontal cylinder (fixed-mne) 
valve available in  the Hydraulics Branch was used t o  
represent the prototype. This valve was similar to but 
not an exact model of the 48-inch (121.92-cm) El 
Vado valve. The major difference was in  the seating 
arrangement for closure which was unimportant as far 
as hydraulic f low conditions in  the energy dissipator 
were concerned. Another difference was that the 
6-inch (15.24-cm) model valve had four vanes t o  
support the cone, whereas the 48-inch (121.92-cm) 
valve has three. 

INVESTIGATION 

The preliminary design of the energy dissipator. Figure 
5, was tested for a range of discharges u p  to and 
beyond the design flow o f  275 cfs at rcservoir heads of 
37, 67, and 97 feet (11.27, 20.42, and 25.57 meters) 
above the centerline of the valve. Calculations by the 
designers were used t o  determine the pressure head at 
the valve and gate openings required for a range of 
discharges. The calculations indicated that a valve 
opening of approximately 60 percent would be 
rcquired to discharge the design flow of 275 cfs (7.79 
cu m per second) at present design operating head of 
67 feet (20.42 m). Figure 6. Therefore, an adjustable 
stop wil l ,~~o?~placed on the valve to l imit the vaive 
openinp;'to a t h t  60 percent t o  prevent the valve from 
discharging more than the design capacity. 

. -=:.', ~..:*- 

made and tested in arriving at '.he recommended design 
 show;^ on Figure 4. Some of the aims of me 
modifications were to reduce the amount of spray 
traveling upstream over the valve to keep the portion 
of control structure around thevalve relatively dry and 
to reduce the amount of submergence of the valve 
which might cause vibration or cavitation damage. 
Other aims were to stabilize the turbulent flow in  the 
downstream portion of ,the energy dissipator:, t o  
provide steady, uniformly! distributed flow from:.the 
stilling basin: and to coqtain the flow in the outlet 
channel wifnin the walls 
extension. ,: 

' i  

The various modificatii!ns t 
large fillet at the ups~<&n end of the dissipator under 
the jet to reduce theieddy and valve submergence; 
changing the angle ,:of the upstream face of the 
deflector on the walls and ceiling from 45Oto 60°. and 
extending the deflector across the floor to acmmpli'ih, 
more effectively, energy dissipation; placing ?l:?br 
various parts o f  the floor o f  the dissipator at higher 
elevations; and sloping the basin floor upward to the 
downstream channel. 

All of these modifications partially accomplished their 
p'Jrpose but created other problems. For example, 
many of the modifications that provided better energy 
dissipation i n  the stilling basin and better flow 

condition's in  the. outlet channel increased the valve 
Design flow conditions in the preliminary bas$&d a h  submergence. Modifications that were effective and 
downstream channel, Figures 7 ,  and :8, were w r y  that were used in  the recommended design, Figure 4, 
unsatisfactory at both present and 'future design included: (1) placing the floor of the dikipator 2.5 feet, 
operating heads o f  67 and 9 7  feet (20.42 and 29.56 (76.20 cm) higher, which eliminated the large eddies 
m). The portion o f  the control structure zround the and reduced the volume of turbulent water resulting in  
v a l k  should be relatively dry, and the flow leaving the a smoother more steady flow from the basin: (2) 
dinipator t o  enter the outlet channel should be shortening and streamlining the upstream portion of 
relatively smooth and steady. Neither .ms true in  the the dissipator by addinj' fillets t o  the lower corners and 
operation o f  the preliminary design. A t  67 feet (20.42 flaring the walls, ceiling, and floor from a point near 
m) of head, much water splashed upstream over the the end of the va l y  so that the cone-shaped jet from 
valve, the valve was 50 percent submerged, and the the valve intercepted these surfaces at a flat angle and 
waves in'the channel downstream rose very hi@ on the prevented spray over the valve; :(3)  placing the 
extended higher lining near the dissipator and deflector at the downstream end of the flared section, 
overtopped the existing concrete lining ftirther 4 feet (1.22 n) closer t o  the valve, provided a longer 
downstream. A t  the anticipated future operating head stilling portion; (4) installing three large baffles in this 
of 97 feet (29.56 m) much watw sprayed from the section more effectively dissipated the energy; (5) 
roof over the valve. The valvei%ii~ergence was placing a 1-1/2:1 sloping floor at the end of the basin -;: 
reduced t o  approximately 25 percer!t, but the allowed the flow t o  enter the channel more smoothly - 
magnitude of the wavesin the basin and outlet channel and increased the self-cleaning capabilities of the basin; 
increased. A t  both heads .the high waves frequently and (61 placing a 4-foot- (1.22-m-1 wide by 6-inch- 
splashed and surged t o  the r w f  of the downstream. 'i15.24-cm-) high s i l l  in the canal 7.5 fzet (2.29 m) ; 

portion o f  the energy dissipator and a turbulent eddy downstream from the basin, increased the flow depth 
persisted under the valve. in the basin and upstream portion o f  the channel and 

. , 



reduced the wave heights in the outlet channel. These 
modifications made it possible to reduce the height of 
the additional lining on both sides of the first 20 feet 
(6.10 m) o f  the channel downstream of the dissipator 
by sloping the top o f  the linings t o  a minimum height 
of 2.5 feet (0.76 m) above the existing lining at the 
downstream end. 

The performance of the recommended energy 
dissipator, Figures 9 and 10, was much improved over 
the performance of the preliminary design, Figures 7 
and 8. A t  the 67-foot (20.42-ml head ,he water level in  
the upstream portion of the control structure was 
about 2 or 3 inches (50 or 75 mm) below the valve 
invert: at the 97-font (29.57-m) head the water level 
was 10 t o  12 inches (250 t o  300 mm) below the valve. 
A clear plastic tube was inserted in the flow t o  observe 
the flow inside the coneshaped jet. This observation 
showed that the water was well entrained with alr and 
that the pool surface was near the elevation of valve 
centerline for the 67-foot (20.42-m) head and about a 
foot below the valve wnterline for the 97-foot (29.57 
m) head. Since the total head at the valve will not 
exceed 25 and 55 feet (7.62 and 16.76 m) for reservoir 
heads of 67 and 97 feet (20.42 and 29.57 m). 
respectively, and since the valve is adequately aerated; 
no cavitation or vibration in  the valve is expected. Even 
by lowering the reservoir t o  elevation 3730 feet 

(1136.9 m), which reduced the total head a t  thevalve 
t o  16 feet (488 m), the water level under the valve rose 
only to the valve invert. 

Average flow depths through the energy dissipator and 
the outlet channel downstream, Figure 11, showed the 
average velocity in the channel t o  be approximately 10 
t o  10.5 feet (3.00 t o  3.2 m) per second for the design 
flow of 275 d s  (7.9 cu m per second) discharging from 
reservoir elevations 3760 feet (1136.9 m) and 3790 
feet (1155.19 m). A t  these flows. waves occasionally 
overtopped the existing wall linings downstream of the 
lining extensions by 2 or 3 inches (50 or 75 mml. 

greater in  the prototype. Occasional overtopping o f  the 
lining can- be tolerated because the rock-cut banks 
extend above the lining. 

Other operating conditions were observed. Figures 12 
through 16, including-operating with the valve 100 
percent open at reservoir elevation 3 9 0  feet 11 155.71 
mi. Figure 12. The dissip.at_o~.;and channel was 
satisfactory in discharging at this 1QI percent opening 
of the valve, as well as at any o f  the anticipated 
operating conditions. 
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FIGURE 7 

Turbulence and waves are excessive in the channel. Photos 
PI 199-D-66228 and P1199-D-66229 

1: 
NOTE: 

Top of the canal lining in the 
downstream portion is 1-1 12 model 
inches higher than the top of the 
existing concrete lining in the 
prototype. 

Part of the valve in the control structure is submerged by overhead 
spray and backwater effect. Photo PI 199-0-66230 

R e s e r v o i r  elevation 3760. 
Discharging 275 cfs with the valve 
60 percent open. Total head is  67 
feet assuming design mean losses to 
valve. (See Figure 6) 

Turbulence in the basin. Photo P1199-0-66231 

UTE DAM OUTLET WORKS- 
PRELIMINARY DES!GN DISCHARGING AT  DESIGN HEAD 

1:s SCALE MODEL 
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FIGURE 8 

Turbulence and waves are excessive in the channel. Photos 
P I  199-0-66232 and P1199-D-66233 

NOTE: 

Top of the canal lining in the 
downstream portion. i s  1-112 model 
inches higher than the top o f  the 
existing concrete lining in the 
prototype. 

it 
Part of the valve in the control structure i s  subrne,(ged by overhead 
spray and backwater effect. Photo PI 199-D-66234): 

, .. 
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R e s e r v o i r  elevat ion 3790.  
Discharging 275 cfs with the valve 
60 percent men. Total head is 97 
feet assuming design mean losses to 
valve. (See Figure 6) 

Turbulence in basin. Photo P1199.D-66235 

UTE DAM OUTLET WORKS 
PRELIMINARY BASIN DISCHARGING AT FUTURE DESIGN HEAD 

1:8 SCALE MODEL 



FIGURE 9 

Reservoir elevation 3760 d~scharging 
275 cfs with the valve 60  percent open. 

Total head is 67  feet assuming mean losses 
to valve. Compare with Figure 7. n 

(See F~gure 6) 

UTE DAM OUTLET WORKS 



FIGURE 10 

Reservoir elevation 3790 discharging 
275 cfs wi:h the valve 37 percent open. 

Total head is 97 feet assuming mean lo& 
to valve. Compare with Figure 8. 

(See Figure 6 )  

UTE DAM OUTLET WORKS 
RECOMMENDED DESIGN DISCHARGING ,AT FUTURE DESIGN HEAD 
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ENERGY OISSIPATOR SECTION 
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Reservoir Elrvation.3790 
100 Percerlt Valve Opening 

Discharge 400 cfs 

Reservoir Elevation 3790 
60 Percent Valve Opening 

Dixharge 360 cfs 

NOTE: Head losses to valve were auurned t o  be above the 
average computed values. These are not anticipated 

operating conditions. (See Figure 61 

UTE @AM OUTLET WORKS 
FLOW IN RECOMMENDED DESIGN 

1:8 SCALE MODEL 



Reservoir Elevation 3730 
,,.. Reservoir Elevation 3760 

100 Percent Valve Opening " 100 Percsnt Valve Opening 
Discharge 200 cfs ' Discharge 275 cfs 

NOTE: ~ e a d  l&es t;valus were assumed to be the minimum 
computed values.These are not anticipated , 

. , .:operating conditions. (see ~ igure 6) 
. . 

,.., 1,: .. ~ . - 
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FIGURE 14 

1 Eeservoir Elevation 3790 'Reservoir Eievation 3730 / 1 , ,  

60 Percent Valve Opening 60 Percent Valve Opening 
' '  ,p Discharge 330 cfs Discharge 200 cfs 

, 

I NOTE: Head losses to valve were assumed to be ?he average 
computed valuq ;(See Figure 6) 

\,- 

L.+ ,: 

. . . . UTE DAM OUTLET WORKS 
FLOW IN  RECOMMENDED DESIGN 

1:s SCALE MODEL 



FIGURE 15 

Reservoir Elevation 3760 
32 P~rcent Valve Opening 

Discharge 210 cfs 

Reservoir Elevation 3730 
30 Percent Valve Ooenino 

Discharge I55 c f s  - 
NOTE: Head losses to valve were assumed to be the averaqe 

computed values. (See Figure 6 )  

UTE DAM OUTLET WORKS 



Reservoir Elevation 3790 
10 Percent Valve Opening 

Discharge 95 cfs 

FIGURE 16 

UTE DAM OUTLET WORKS 
FLOW I N  RECOMMENDED DESIGN 

1:s SCALE MODEL 

Reswvoir Elevation 3730 
10 Percent Valve Ooenina 

Discharge 60 cfs - 
NOTE: Head losses to valve were assumed to be the average 

between the computed maximum and minimum. 
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CONVERSION FACTORS--BRITISH TO METRJC UNITS CIF MEASUREMENT 

The metric technical unit of force is the kilo am focce; this S the forcewhkh when applied to a body having a 
m a ~ s  of 1 kg, qives it an acceleration of 9.8& i/sec/sec, the standard acceferation of free fall tmard  the earth's 
center for sea eve1 at 45 deg latitude. The metric unit of force S1 units i s  the "errtan IN), which is defined as 
that force which when applied to a body having a mass of 1 kg, qves it an acceleration of 1 m/se:/se:. These units 
must be distino&he3 from the iinxxstant) local weight of a body having a mass of 1 kg; that I the wei kt of a 
body i s  that fo?c@with nhich a b3dy is attracted to the earth an3 is equal to the mass of a. bo* ; ~ l ~ l t i ~ l i J  by the 
acceleration due to avity. However because i t  i s  gmsral practice to use "pound" rather than the technicllly 
correct term "poun&mce " the term) '"kilog~am" lor derived mass unit) has been used in thi5 guide hstead of "kilogram- 
f0rce"'in expressing the cdnversion factors for forces. The newton unit of force will find increasing use, an3 is 
e s s e n t u  in 81 units. 

Table I 

QUANTITIES AND UNITS OF SPACE 

MulUplv BY To obtain 

L E N G T H  - 
MU . . . . . . . . . . . . .  
Inches.  . . . . . . . . . .  . . . . . . . . . . .  
Feet . . . . . . . . . . . .  . . . . . . . . . . . .  . . . . . . . . . . .  
yardsrds . . . . . . . . . . .  
Miles (statute). . . . . . . .  

25.4 (exactly). . . .  
25.4 (exactly). . . .  
2.54 lexactlyl*. . .  
30.48 (exactly1 . . .  
0.3048 (exactly)*. . 
0.0003048 (exactly)* 
0.9144 (exactl I 

1,609.344 ~ ~ t l ~ f *  : : 
1.609344 (exactly] . 

Micron 
Millimeters 
Centimeters 
Ceatimeters 
Meters 
Kilometers 
Meters 
Meters 
Kilometers 

. .  . . . . . . . . .  

. . . . . . . . .  0.764555 Cubic meters 

. . . .  
. . . . . . . . .  0.473179, Cubic declm6ters : 

0.473166 . . . . . . . . .  Uteters . . . . . . .  :Quarts (U.S. 1 946.358* . . . . . . . . . .  Cubic centimeters ......... 
. . . . . . . . .  

Gallons (U. K.1 . . . . . .  . . . . . .  



Onllns 11/1 WO lbl . . . . . . . . .  84.79891 1sseUyl . . . . . .  MUllmama . Troy ounce: 1480 malnsl. . . . . . .  3 1 . 1 m .  . . . . . . . . . . .  Ornms 
ovncea a W  . . . . . . . .  28.2485. . . . . . . . . . .  Grams 
pounds Iwy: : : : . . . . . . .  : 0 . 4 ~ ~ ~ ~ 7  ~exacuyl. . . . .  ~ u w s m s  
a h a n  tons I ,OW lbl. . . . . . . .  m. 185 . . . . . . . . . . .  Xuograms . . . . . . . . .  0.837186. . . . . . . . . .  Metrlc tons 
Lma tOM 12,240 lhl. . . . . . . . .  1.018.06. . . . . . . . . . . .  KUmems 

FORCE/AREA 

~ ~ v n d a  per square lnch . . . . . . .  0.07m07. . . . . . . . .  W r a m  per aquare eenumeter . . . . . . .  0.889478. . . . . . . . . .  ~ e % n s  p r  a q w  cenumeler 
P d s  per r w e  lad  . . . . . . .  4.88243 . . . . . . . .  KUograms per armare meter . . . . . . .  47.88m. . . . . . . . . .  Nwtona m i  muare meter - 

MAS9NOLUME (DENSITY1 

. . . . . . . .  . . . . . . . . . .  . . . . . . . .  . . . . . . . . . .  meesper eubte iren 1.72080 m a m a  per c d ! c  c m o m t c r  
povdr pr c u b ~ c  fml . . . . . . . .  i a . o m  . . . . . . . .  ~ $ l ~ ~ ~ ~ ~  cubic 

0.0180185 Om-spr c l b m  C o U l U e I I I  
Tas l l o r ~ l  rat e.blc yard . . . . . .  1.92894 . . . . . . . . .  crams  rar c:bm c c r t h e c o r  

MA99/CAPAClTY 

hvlces per @Ian 1U.S.l . . . . . .  1.4863. . . . . . . . . . .  Grams p r  Uler 
h v l c s l  per Saum u K 1 0. a382. . . . . . . . . . .  arame per Llter 
~ m n d s p e r ~ m I u : a : ~  : : : : : : 1 1 e . e ~ ~  . . . . . . . . . . .  o m s  per liter 
P m d s  per v d l m  RI.K.1 . . . . .  88 178 . . . . . . . . . . .  Grams rer Uter 

BENMNO MOMENTOR TORQUe 

Inch-pounds . . . . . . . . . . . .  0.011621. . 5. . . . . . . .  Meter-ldlograma . . . . . . . . . . .  1.12886 1 1 0  . . . . . . . .  Cenumeter-dynes 
~xd-pounds . . . . . . . . . . . .  0.138266. . . . . . . . .  Meter-Uograms . . . . . .  . . . . . . . . . . . .  1.36582 6 107. : CenUmeler-dyne8 
Fml-punda per Inch . . . . . . . .  6.4431. . . . . . . . . . .  Cenllmster-Wogrms per cenllmeler 
OYN.e-ml189. . . . . . . . . . . .  12. W8 . . . . . . . . . .  Gram-csnllmetcrs 

I VELOCITY 

ACCELERATION. 

. reel  w r  =on& . . . . . . . . . .  0.3048* . . . . . . . . . .  Melers oer seeond2 

CllblC feel p r  second (aecod- 
feet1 . . . . . . . . . . . . . . .  0.026317' . . . . . . . . .  Cuble meters pet second 

Cublc lest  per dmte . . . . . . . .  0.4719 . . . . . . . . . .  u t e r s  p r  second 
Wens W.S. I cer mlmrte . . . . . .  0.08309 . . . . . . . . .  Uters wr seeand 

BY 

WORK AND ENEROY* 

Brltlrh thermal units l ~ t u ) .  . . . . .  0.262* . . . . . . . . . .  KUogram eaiorles . . . . . .  1.055.08 . . . . . . . . . . .  J d e r  
B l u p r  pound. . . . . . . . . . . .  2.328 lemctlyl . . . . . . .  Joules p r  gram . . . . . . . . .  Foal-oaunds . . . . . . . . . . . .  1.36682'. Joules 

. . . . . . . . . . .  H O ~ S B W ~ T  . . . . . . . . . . . .  746.1W Walls 
BW r b m  . . . . . . . . . . . .  O.Z~XIII. . . . . . . . . .  wattr 
~ o a & m n d s  ipr second . . . . . . .  1.36682 . . . . . . . . . .  Walls 

HEAT TRANSFER 

Blu ln./hr ffzdev F lk 
t h e r m  conduetlvltyi . . . . . . .  I. 442 . . . . . . . . . . .  ~ ~ i ~ ~ a m t ~ s / e m  de c 

0.1240. . . . . . . . . . .  Kg c d b  m dc $ 
Bluff/hrp2da$; ,.kL ;i: : : : : 1.4880. . . . . . . . . . .  ~ g e a m m  m & d e q ~  
at* n de . . . . . . . . . .  emductancg . . . . . . . . . . .  0.688 MlUlvmlls/c 2dc  C 

4.882 . . . . . . . . . .  K~ e w w  mqbeg 8 rw F hr ffZ/~t; ti,'&;&' ' ' ' ' . . . . . . . . . .  resbtancel 1.161 D~~ c em2/mlu~watt . . . . .  . . . . . . . . . .  B N / ~  deg F 10, heal ca&itil : : : : 4. 1808 J/ deq c 
B t n b d e g F . .  . . . .  I. OW* . . . . . . . . . .  CJ gram deg c 
Fl#/hr llhc~mnl dllhlslvltg~ : : : : : 0.2681 . . . . . . . . . .  C&'.W~ 

0.08283'. M fir . . . . .  . . . . . . . . .  
WATER VAWI: TRANSMIS99N 

Ordns/hr ff2 (water vapor 
tran8mlsslOd . . . . . . . . . . .  18.7 . . . . . . . . . . .  Or&ms/Z4 hr mz 

Perm lprmeanesl . . . . . . . . .  0.860 . . . . . . . . . . .  Melrlc perms 
Perm-Inches Bermeahllltvl . . . . .  1.81 . . . . . . . . . . .  Melrlc mim-ceotlmeterr - 

OTHER OUANTITIES AND WITS 

BY To abtaln 

u t e r a  per rquarc m.l"r per da, 
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